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Foreword

RESNA, a leader in advancing the field of rehabilitation and assistive technologies, has
been a strong advocate of progressive legislation on behalf of persons with disabilities.
RESNA played a key ro le in the development of  the Technology - Related Assist ance
for Individuals  with  Disabilit ies Act of  1988 and the Americans with Disabi lities Act
(ADA), signed into law on July 26, 1990. RESNA has been actively involved in
implementing this first piece of legislation through its technical assistance contract with

the NIDRR.

RESNA now has an important leadership role to  play in making assis tive t echnology
a major force behind the full implementation of the ADA. This can best be
accomplished in the long term by evolving education, quality assurance and
credent ial ing programs,  and by developing improved means for  service providers and
consumers to access assistive technology information. This is certainly a significant way
that RESNA can serve its members so they, in turn, can serve those in need of

increased access through technology.

RESNA's 14th  Annual Conference in Kansas  C ity,  America 's  Heart land, is  our f irst
major meeting s ince the enactment  of  the ADA. It  provides  an  excel l ent forum to
discuss issues and formulate directions which can affect the lives of persons with

disabilities for years to come.

As in past years, our Annual Conference once again creates an opportunity to revitalize
our commitment,  share ideas,  renew old acquain tances and add names  to new faces .
We sincerely wish that RESNA '91 fulfill s all these expectat ions and many more.

We extend our warmest welcome to the participants in this RESNA conference and our
deepest  appreciation to all of those who have helped to make th is another success ful
RESNA event . Work,  enjoy, return home safely and plan on being with  us next year

in Toronto.

Mohamed Medhat, M.D.
Conference Chair

Douglas A. Hobson, Ph.D.
President
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Preface

Kansas C i ty,  the l and of  OZ,  and one of the heart land ci ti es of  the United S tates ,
beckons us to center ourselves on the technology of  today,  with a futuri stic forum for

following the yel low brick road to meeting the goals of  tomorrow.

RESNA's  Meet ings  Commit tee,  chai red  l ast  year  by Tony Langton and now by Don
McNeal,  volunteered its  time to bring together  thi s conference schedule of scienti fic
sessions, morning seminars, instructional courses, multi -media events, student design
competition, computer tech lab, and exhibits. These Proceedings are the result of this
effort and afford  you an  opportuni ty to share in  the plethora of rehabi lit ation and
assistive technology information that characterizes this Annual Conference.

For th is year's conference,  the computer tech lab  was upgraded wi th  the help of Ken
Kozole, Mary Binion, David  Jaffe,  Bob Smallwood, Marian Hal l, and Susan Leone.
This new prospective format allows for exchange of software information and computer

instruction.

The addition of Special Education and Job Accommodations SIGs broadened RESNA's
membership and the pool of  conference part icipants to include professionals from the
education and vocational rehabilitation sectors, who may not have previously been
involved with RESNA. Although activity in this area has been going on for quite some
time, the formation of these SIGs allows for the formal ized exchange of information

in these specialized areas.

I would like to thank the SIGs  for their efforts in reviewing the scientific papers,
organizing instructional  courses and morning seminars, and putting together special
sessions. Their work is obvious when noting all that is offered during the conference.

I al so  would  l ike to recognize the efforts  of  Dr. Moha med  Me dha t  a nd the Local
Commit tee who worked hard  to  add local  f l avor to th is  14th  Annual Conference,  as
well as  assure accessible t ransportation  and lodging. Thanks  to  them, we enjoyed a
HEARTLAND of entert ainment including a delicious  KC barbeque and professional

basebal l game!

Most of all, I would like to  thank Susan Leone of the RESNA staff for her meticulous
skill in pulling together all the work  of  the Meetings  Commit tee, SIGs, and other
conference parti cipants , and in organizing th is 14th  Annual Conference to be such a

success.

Jessica J Presperin, OTR/L MBA
Chair, Scientific Program

& Special Interes t Group Commi ttee
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UPPER BODY MOTION AND BALANCE STABILITY IN THE ELDERLY

Eric E. Sabelman. PhD *. Melissa G. Hoy, P h D *, Carol H. Winograd, MD t

Palo Alto VA Medical Center, * Rehabilita tion R &D Center, and
tGeria trics  Research, Education and Clinical Center

AB S T RA C T

Falls present
a

serious  health hazard to elderly, pos t-
surgical and partially - disabled ambulatory persons.
Quantita tive  examination of relative body segment
motion using self - contained data acquisition equipment
can provide information valuable  for preventing fa lls
or minimizing resultant injury. This proposal is aimed
toward development of a  balance assessment and fa ll
detection tool that relies  on measurement of rela tive
accelerations  of the  head and upper body, as distinct .
from gait and lower body studies. This  approach
permits identification of contributory factors such as
visual distraction and emphas izes  the body segments
that contribute most to pos tural instability. Results  of
a pilot study demons trate  the abili ty to detect reduced
stability during s tanding with eyes c losed, and age -
re la ted characteris tic  head and trunk motions  during
ris ing from a chair and walking down stairs.

B A C K G RO U N D

The ultimate goal of this project is to provide means for
fall -prone individuals to live independently who might
otherwise  have to be institutionalized. We envision
this  to be  a  wearable  accelerometric  ins trument - a
"balance orthos is" - making it poss ible  to record an
individual's  movements during everyday activities in a
non - laboratory setting, identify patterns of movement
that accompany loss of balance before  a  fall  actually
occurs, a lert  the  individual of pre  -fa ll  behavior, and
if necessary, signal a  re mote attendant that a fa ll
has taken place. In the short term, we expect
the ins trument to be useful for a subset of the
fall  -prone population who have recognizable  pre -fall
motion patterns, and for improving c linical diagnosis
of balance disorders.

Most balance assessment methods  concentrate on the
lower body and the relationship of the body's center of
mass  to the position of the feet [1]. However, control
of orienta tion of the  trunk with respect to gravity is
a significant factor in maintaining balance [2]. Upper
body accelerometry permits calculation of head and
trunk rotational and translational velocities  and head
pointing direction, indicative of attention to direction
of movement.

ME T H OD S

Before clinical or in -home use, laboratory tests must
be done to distinguish balance- related motion patterns
from, for example, head movement normally associated
with talking [3]. To develop the necessary algorithms
for distinguishing harmless  from pre -fa ll  motions , we
have been test subjects  us ing e lements  of s tandard
qualitative balance assessment protocols [4].

1.1

Fig. 1: A. ACCELEROMETRY COORDINATE SYSTEM

7 A N

n

r

Fig. 1: B. TYPICAL SUBJECT - TANDEM WALKI NG
(note eyes  -down att itude)

In a  typical laboratory tes t, subjects  s tand barefoot
with feet apart and arms held at sides  or on hips . 3-
axis accelerometers are attached to the front and side of
the  forehead and wais t using Velcro and elastic straps
[Figure 11. Sensor outputs  are  digitally recorded a t
20 readings  per second. To document displacement
directly, reflective tape markers  are  a ttached to legs ,
trunk, arms  and head; these  are  both conventionally
videotaped and videophotographed at high contrast by
a Motion Analys is  sys tem. Subjects then perform up
to 20 tasks, including:

1. stand eyes open, then closed, for 15 sec
2.  c limb up 3 steps, turn, then down 3 s teps
3. rise  from and s it in chair at  normal speed, then as

fast as possible
4. tandem (toe - to-heel) walk 10 ft
5. walk over 2, 4 and 8 inch -high obstacles 3 ft  apart

RESNA 14th A N N U A L CO N F E R E N C E • KANSAS CITY, MO. 1991



B AL AN C E  S T A B I L I T Y I N  T H E  E L D E RL Y

RE S U L T S
A total of 25 e lderly (aged 64 to 85 years) and 5 young
(24 to 29 years ) female  subjects  were  tes ted during
the pilot phase. Mis -steps during toe  - to-heel (tandem)
walking were clearly identifiable, producing either
vertical and anterior motio n of the  head apparently
rela ted to catching the toe on the floor, or lateral
acceleration or sway [Figure 21. During quiet eyes -open
and eyes- c losed s tanding, elderly subjects had lateral
and pitch accelera ti ons  with more and hi gher peaks
exceeding 0.01 G, increasing to about 0.05 G in the
pitch axis  with eyes closed.

We were a lso able to detect evidence of biomechanical
sequelae  of aging, such as greater transmission of heel
strike  shock to the head while c limbing down. s tairs in
elderly compared to young subjects  [Figure  3[ . The
finding of amplification of accelera tion peaks a t the
head in the e lderly, instead of damping as in the young,
is  cons is tent with stiffening of shock - absorbing soft
tissues such as intervertebral discs [5] .

The time average of the  antero-pos terior (pitch) angle
during ri s ing from and s itt ing in a  chair ind icates  a
shift in orienta ti on of  the body rela tive  to vertical
or of the  head re la ti ve  to the  b ody; a  high s tandard
deviation (SD) indicates unsteadiness in the pitch
plane. During the act of sit ting, young subjects ' means
varied randomly between tria ls, but elderly subjects '
mean head -to -body angles were more often consistently
positive or negative (til ting forward or backward)
[Figure 41. Standard deviation of elderly subjects  was
bimodal; eight were  s imilar to young subjects  while 5

ranged from 1.0 to 3.4 during ris ing. In the  la tera l
plane during ris ing, SD of 15 elderly ranged from 0.1
to 0.8 radians , only six fa lling in the 0.1 to 0.2 range
of the young (Figure 51.

The trunk angle  re la tive  to vertical during ris ing from
a chair measured by accelerometers  a t the  waist was
cons is tently less  that that derived from video image
analysis of the line between hip and shoulder markers.
The image analysis method could be overes timating the
til t angle  s ince it  cannot dis tinguish in -plane motion
from rotation, while the accelerometers have a subject -
specific shift  due to body contour; this can probably be
corrected by mounting one sensor in back instead of in
front.

The stepping- over - blocks test is a new addition to the
balance assessment protocol; it was performed by only
three subject. One elderly subject was clearly similar to
a young person in antero-pos terior head - to-body angle
(mean of -0.1 to +0.15, SD 0.8 to 1.2), while  another
had a mean angle of 0.24 to 0.42 radian and SD of 0.24
to 0.34 in 3 tria ls . This occurred in an individual with
less  confidence in her balance, who looked a t her feet
before stepping over each obstacle.

Fig. 2: TANDEM WALKING - ACCELERATION AT HEAD
(X = pitch, Y = lateral axes); peaks c irc led
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Fig . 3: WALKI NG DOWN 3 STEPS - RATIO OF HEAD
TO WAIST ACCELERATION MAGNITUDE
(3 runs, typical young & elderly subjects)
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BA LA N C E  S T A B ILIT Y  IN  T H E  E LD E R LY

D I SC U SSI ON

Piezoresistive silicon accelerometers are  sens itive  to
cons tant accelerations  as well as  to transient changes
in velocity. Thus, signals contain information on angle
relative to gravitational acceleration, as well as motion -
induced acceleration. If the signal is integrated without
eliminating the gravita tional component, velocities
and displacements  will be erroneous . By Einstein's
equivalence principle, there  is no theoretical bas is for
separating the  gravitational and inertia l components ;
one practical means is to begin integration when change
in velocity is  known to be zero and to recalculate
and subtract the contribution of angle relative to
vertical from the tota l accelera tion a t each time point.
An alternative is to deal only with relative angles
of adjacent body segments ]6]. Piezoelectric sensors
can detect only transients, and are  insensitive to slow
changes  in velocity common in human motion; tests  of
these sensors  have yielded poor correla tion with total
body motion ]7].

An expanded three -year project has been approved for
VA support beginning in October, 1990; it includes: (1)
further development of hardware for measuring re lative
upper body accelerations, (2) refinement of present
software  for analyzing data  to yie ld head and torso
velocity vectors in real -time, (3) continued laboratory
tes ting of well- defined motion sequences typical of
activities  of daily living, (4) continued comparison
with simultaneous  measurement of displacement by
image analysis, to verify accuracy of results, (5)
expans ion of the  subject population to include pos t-
surgical patients, whose progress  toward independent
living is more rapid than that of the fall -prone
elderly (in c onju ncti on wi th a  cur rent s tud y of  Dr.
Winograd's), (6) expansion to include institutionalized
and community- living subjects, (7) integration of
accelerometric analys is  with other balance diagnosis
techniques (one such, the "Equites t" will permit
controlled induction of fa lls ), and (8) exploration of
reinforcement of fa ll - avoidance behavior modification
using accelerometric feedback.
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1.2
A S S IS T IV E DEVICES AND THE ELDERLY: A SHOTGUN WEDDING?

M. C h e r i e C l a r k & B a r b a r a R. K l i n e
T e c h n o l o g y C e n t e r

S t e i n G e r o n t o l o g i c a l I n s t i t u t e
M i a m i , F l o r i d a

ABSTRACT

T h e u s e o f a s s i s t i v e d e v i c e s t o
e n h a n c e i n d e p e n d e n c e f o r o l d e r
p e r s o n s h a s m e t w i t h mu c h
r e s i s t a n c e , p a r t i c u l a r l y f r o m
p o t e n t i a l o l d e r c o n s u m e r s
t h e m s e l v e s . W h i l e i t i s a c c e p t e d
b y p r o f e s s i o n a l s t h a t a s s i s t i v e
p r o d u c t s c a n a n d s h o u l d b e
e x t e n d e d t o o l d e r u s e r s , t h e wa y
i n w h i c h t h i s c o u l d b e e a s i l y
a c c o m p l i s h e d i s n o t c l e a r .
R e s u l t s f r o m a m a r k e t i n g s u r v e y
c o n d u c t e d w i t h p e r s o n s
i n t e r e s t e d i n o b t a i n i n g m o r e
i n f o r m a t i o n a b o u t a s s i s t i v e
t e c h n o l o g y s u g g e s t t h a t i t i s
i m p o r t a n t t o c o n s i d e r t h e n e e d s
o f b o t h p o t e n t i a l o l d e r c o n s u m e r s
a n d t h e i r c a r e g i v e r s i n a n y
m a r k e t i n g a p p r o a c h . U s e f u l n e s s
a n d q u a l i t y o f p r o d u c t s a p p e a r t o
b e t h e m o s t i m p o r t a n t f e a t u r e s o f
a s s i s t i v e d e v i c e s a c c o r d i n g t o
t h e r e s p o n d e n t s a m p l e . B o t h
c a r e g i v e r s a n d p o t e n t i a l o l d e r
c o n s u m e r s e x p r e s s e d a n e e d f o r
m o r e i n f o r m a t i o n c o n c e r n i n g
p r o d u c t s a n d a v a i l a b i l i t y .
E x p e r i e n c e w i t h h e a l t h c a r e
s e r v i c e d e l i v e r y t o o l d e r  p e r s o n s
s u g g e s t s t h a t t h e f i r s t l i n e o f
i n f o r m a t i o n a n d r e f e r r a l ma y b e
p h y s i c i a n s a n d p h a r m a c i s t s a s
t h e s e p r o f e s s i o n a l s a r e f r e q u e n t
a n d r e s p e c t e d c o n t a c t s o f o l d e r
p e r s o n s who c o u l d b e n e f i t f r o m
t h e u s e o f a s s i s t i v e t e c h n o l o g y .

BACKGROUND

A l o g i c a l e x t e n s i o n o f t h e wo r k
i n t h e u s e o f a s s i s t i v e
t e c h n o l o g y t o e n h a n c e
i n d e p e n d e n c e f o r p e r s o n s w i t h
d i s a b i l i t i e s i s t o a p p l y t h a t
k n o w l e d g e a n d e x p e r i e n c e t o
a s s i s t o l d e r p e r s o n s w i t h d a i l y
t a s k s . A s a g r o u p , t h e e l d e r l y
r e p r e s e n t t h e f a s t e s t g r o w i n g
s e g m e n t o f o u r p o p u l a t i o n ; b y t h e
y e a r 2 0 1 0 , 1 o u t o f e v e r y 3

p e r s o n s w i l l b e o v e r t h e a g e o f 6 5 .
F u r t h e r m o r e , w i t h i n t h i s a g e
s e g m e n t , t h e f a s t e s t g r o w i n g g r o u p
i s t h o s e o v e r 8 5 . Wh a t we k no w
a b o u t t h i s g r o u p i s t h a t t h e y a r e
a l l b e g i n n i n g t o e x p e r i e n c e , t o
s o m e  d e g r e e o r  a n o t h e r , a g e r e l a t e d
p h y s i c a l d e c l i n e s i n a b i l i t y .
T h e s e d e c l i n e s g r e a t l y c o m p r o m i s e
t h e i r  a b i l i t y  t o  r e m a i n i n d e p e n d e n t
i n t h e i r o wn h o m e s ( 1 ) . G i v e n t h e
k n o w l e d g e a n d e x p e r i e n c e f r o m wo r k
i n t h e d i s a b i l i t y f i e l d , we c a n
s p e c u l a t e  t h a t  a s s i s t i v e  t e c h n o l o g y
c o u l d h a v e a s i g n i f i c a n t i m p a c t o n
i m p r o v i n g  t h e f u n c t i o n a l a b i l i t y  o f
f r a i l o l d e r p e r s o n s . Ho w e v e r ,
h a v i n g o l d e r p e r s o n s a c c e p t
a s s i s t i v e d e v i c e s h a s n o t b e e n a n
e a s y t a s k ( 2 ) .

S e r v i n g t h e n e e d o f o l d e r p e r s o n s
w i t h a s s i s t i v e t e c h n o l o g y i s
d i f f i c u l t g i v e n t h e e v o l u t i o n o f
ma ny o f t h e s e p r o d u c t s . Mo s t
a s s i s t i v e p r o d u c t s h a v e
t r a d i t i o n a l l y b e e n a s s o c i a t e d w i t h
m e d i c a l o r h o s p i t a l e n v i r o n m e n t s
a n d c a r r y t h e s t i g m a o f " s i c k o r
f r a i l  " . I t i s o n l y r e c e n t l y t h a t
ma ny a s s i s t i v e p r o d u c t s h a v e t a k e n
o n a m o r e " n o r m a l i z e d " a p p e a r a n c e .
I n m o s t c a s e s , h o w e v e r , t h e s e
p r o d u c t s a r e s t i l l d i s p l a y e d a n d
o b t a i n e d i n m e d i c a l l y o r i e n t e d
e n v i r o n m e n t s a n d a r e s h u n n e d b y
o l d e r p e r s o n s who c o u l d b e n e f i t
f r o m  t h e i r  u s e . We h a v e h e a r d t i m e
a n d t i m e a g a i n s u c h r e m a r k s a s , " I
d o n ' t n e e d t h a t y e t , a n d h o p e f u l l y
I w o n ' t e v e r g e t t h a t s i c k . " T o o
o f t e n o l d e r p e r s o n s who k no w t h e y
c o u l d u s e a l i t t l e h e l p a v o i d a l l
d i s c u s s i o n o f a s s i s t a n c e s i n c e i t
f o r c e s t h e m t o d e a l w i t h t h e f a c t
t h a t t h e y a r e a g i n g . F ro m t h e
g e r o n t o l o g i c a l l i t e r a t u r e , we k no w
t h a t m o s t o l d e r p e r s o n s i m a g i n e
t h e m s e l v e s a s 1 0 t o 1 5 y e a r s
y o u n g e r , n o t s o m e o n e who i s
g e t t i n g o l d e r a n d l e s s a b l e t o
c o m p l e t e d a i l y t a s k s e a s i l y a n d
s a f e l y . P r o d u c t s t h a t r e m i n d t h e m
o f f r a i l t y a n d i l l n e s s a r e s o u n d l y
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Assistive Devices and Elderly

rejected. As a result those
attempting to prescribe and
market assistive devices to older
pe rs on s find t h e m s e l v e s
constantly in the position of
trying to bring a reluctant groom
to the altar with the shotgun of
impending illness, disability or
death, forcing acceptance of
physical declines. We need to
know more about this consumer
group and develop products and
distribution approaches that go
beyond the obvious need and cater
to more positive issues on order
to have a chance at success.

OBJECTIVES

There are currently a large
number of nice looking assistive
devices on the market, along with
many unattractive products. We
have very little information
about how appropriate many of
these devices are for older users
since most were not designed for
this user group. There is a
great need for eval - uation of
current devices and development
of new devices to serve this
expanding group. More difficult
issues currently lie in an age
old problem, that of tech - nology
transfer. We know from
experience that the existence of
the right devices and the right
funding mechanisms is not enough
to ensure that persons with needs
will be served appropriately.
While these issues are obviously
important, Vanderheiden (3) and
others point out that this is
only a part of a whole service
delivery model that is needed.
For those of us working in
technology and service delivery
to older persons, we are struck
with the fundamental knowledge
gap that exists among service
delivery professionals, older
consumers, and device suppliers
that if unchanged, will continue
to impede the acquisition of
technological assistance. We are
in need of both good market
research in this area and strong
educational programs for
professionals and consumers.

METHODS AND RESULTS

Knowing who are the target
consumers and what is priority to
these consumers is an important
first step in good marketing plans
(4). To this end, some initial
information can be gleaned from a
recent pilot marketing survey.
After reading a syndicated article
on low tech assistive devices for
the elderly which appeared in local
newspaper across the country,
individuals contacted us requesting
further information. Of the 400
surveys sent to the people who made
these requests, 111 responded. In
general, most respondents indicated
that they had not known previous to
the article that these products
existed nor where they could be
obtained. However, they all
expressed a need for assistance
with daily tasks due to arthritis,
frailty, low vision, and many of
the other age related physical
changes. As such, these individuals
represent an important potential
consumer group.

Sixty five percent of the
respondent group were relatives
(most often children or
grandchildren) inquiring about
products for older relatives. Older
consumers inquiring about products
for themselves alone or for
themselves and an other rela -tive
made up 35% of the sample.
Additional data from this survey
highlight the salient concerns of
persons interested in assistive
products. The most frequently
mentioned were usefulness and
quality of products. Many
respondents reported that price of
products is not as critical as
u s e f u l n e s s a n d q u a l i t y .
Respondents expressed a need for
more information on the range of
products available for specific
conditions and where these products
could be obtained.

DISCUSSION

These data suggest several points
for both marketing strategies and
for service delivery. First, it is
important to consider formal
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A s s i s t i v e D e v i c e s a n d E l d e r l y

c a r e g i v e r s o r r e l a t i v e s i n a n y
a t t e m p t t o m a r k e t a s s i s t i v e
p r o d u c t s t o o l d e r p e r s o n s . T h e
d a t a f u r t h e r s u g g e s t t h a t i t i s
i m p o r t a n t t o d e v e l o p p r o d u c t s
t h a t a r e u s e f u l a n d o f g o o d
q u a l i t y . R e s p o n d e n t s d i d n o t
c o m m e n t o n a p p e a r a n c e o f p r o d u c t s
b u t i t m u s t b e n o t e d t h a t
p i c t u r e s a c c o m p a n y i n g n e w s p a p e r
a r t i c l e s a l l h i g h l i g h t e d u p  b e a t ,
m o d e r n , a t t r a c t i v e , l o w t e c h
a s s i s t i v e p r o d u c t s . F o r ma ny
r e s p o n d e n t s , t h i s wa s t h e i r f i r s t
i n t r o d u c t i o n  t o a s s i s t i v e d e v i c e s
a n d t h e y r e a c t e d v e r y p o s i t i v e l y
t o p r o d u c t s d i s p l a y e d . A n o t h e r
i m p o r t a n t a s p e c t o f t h e s e d a t a i s
t h e n e e d f o r m o r e i n f o r m a t i o n .
Who s h o u l d p r o v i d e t h i s
i n f o r m a t i o n ? D i s t r i b u t o r s o f
p r o d u c t s o f t e n f e e l t h a t t h e y
s h o u l d p l a y a n i m p o r t a n t p a r t
h e r e . T h e n e e d f o r p r o f e s  -  s i o n a l
e v a l u a t i o n , t r a i n i n g ,
m o d i f i c a t i o n , a n d m o n i t o r i n g o f
ma ny d e v i c e s w o u l d s u g g e s t t h a t
O c c u p a t i o n a l T h e r a p i s t s a n d
R e h a b i l i t a t i o n E n g i n e e r s ma y b e
t h e b e s t i n f o r m a t i o n s o u r c e s . I n
f a c t , t h e t r e n d i n s e r v i c e
p r o v i s i o n n o w i s t h e
m u l t i d i s c i p l i n a r y t e a m , e a c h
p r o v i d i n g a p p r o p r i a t e i n p u t a n d
g u i d a n c e . H o w e v e r , i t i s
i m p o r t a n t t h a t m e m b e r s o f t h i s
t e a m  b e t r a i n e d i n g e r o n t o l o g i c a l
a n d a s s i s t i v e d e v i c e i s s u e s t o
b e t t e r s e r v e o l d e r p e r s o n s . ( 5 )

How d o e s a p o t e n t i a l c o n s u m e r o r
c a r e g i v e r f i n d o u t a b o u t t h e s e
t e a m s a n d ho w a c c e s s i b l e a r e
t h e y ? We a r e m o r e a n d m o r e
c o n v i n c e d t h a t p h y s i c i a n s a n d
l o c a l p h a r m a c i s t s a r e c r i t i c a l
p a r t n e r s i n t h e s e r v i c e t e a m . We
k no w t h a t o l d e r p e r s o n s s e e
p h y s i c i a n s o n s o m e r e g u l a r b a s i s
a n d t r u s t t h e i r a d v i c e . We a l s o
k no w t h a t t h e l o c a l p h a r m a c i s t
h a s c o n s i d e r a b l e i n f l u e n c e i n t h e
l i v e s o f t h e e l d e r l y . T h e
p h y s i c i a n a n d p h a r m a c i s t a r e
l i k e l y t o b e t h e m o s t f r e q u e n t
a n d p o s s i b l y o n l y c o n t a c t o l d e r
p e r s o n s h a v e w i t h  m e d i c a l p r o f e s -
s i o n a l s . A s s u c h , t h e i r r o l e s a s
a p o t e n t i a l s o u r c e o f r e f e r r a l t o
t h e d e l i v e r y t e a m s h o u l d n o t b e

u n d e r e s t i m a t e d ; t h e y c a n o n l y h e l p
t o e n s u r e a m o r e p o s i t i v e m a r r i a g e
o f a s s i s s t i v e d e v i c e s a n d t h e
e l d e r l y t o e n h a n c e i n d e p e n d e n c e .
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WALKER PERFORMANCE EVALUATION BY A PANEL OF OLDER WALKER USERS

John T. Ward, Margaret A. Wylde, and Elaine R. Cremaldi
Institute for Technology Development

Oxford, MS 38655

ABSTRACT

This report summarizes the results
of a consumer evaluation study
undertaken to observe the perfor-
mance of older, experienced walker
users when using four styles of
walkers. The primary objective was
to explore the user - product inter-
action as each subject used and
evaluated each walker on two flat
surfaces and a ramp. The results
were

compared among the individual
walkers and across the groups of
walkers. All testers achieved
their best performances with four -
wheeled walkers but some testers
preferred the security, and slower
pace, of non - wheeled walkers.

BACKGROUND

This study was begun because older
users do not seem to be making full
use of available walker styles.
Health conditions that affect
mobility increase with older adults
and older adults use more mobility
devices than do younger adults.
Although walker equipment is avail-
able in varied configurations and
accessories, doctors and therapists
are prescribing the rigid, non -
wheeled walker for the over 65
year -old user. People are either
unaware of the availability of
consumer choice in walker style or
they perceive that wheeled walkers
are "too much" for the older user.

History of walker design

The walking frame, introduced about
two hundred years ago, was created
solely for rehabilitation purposes.
The design of the standard, rigid,
non - wheeled frame (pickup and put)
was conceived as portable parallel
bars enabling the patient to take
gait training out of the therapy
room and into the hospital
corridors (Cress, 1982).

Many people use a walker for an
extended time. Walkers are fre-
quently prescribed for residents at

1.3

convalescent or retirement facili-
ties to help ambulation, and to
enable them to gain confidence and
walk unaided without risk of
falling. Even if the prescription
for the walker specifies temporary
use, users tend to perceive the
walker as a permanent aid to ambu-
lation. Black (1980) reported 43.1
percent had used a walker for one
to four years, while 26.1 percent
had used a walker for five years or

more.

Walker users

Numbers of users. The U.S. Dept.
of Health and Human Services
estimates, the total number of
walker users in the United States
in 1977 was 689,000, or approxi-
mately 3.2 people per 1000 of the
noninstitutionalized population.
This figure had risen from 2.0
walker users per 1000 in 1969. In
1969 there were 17.6 walker users
per 1000 persons 65 years and over;
in 1977 this number increased to
24.7. In the population 75 years
and over, there were 34.5 walkers
users per 1000 persons in 1969 and
47.6 in 1977 (Black, 1980).

RESEARCH QUESTIONS

The purposes of this study were to:

1. Evaluate a representative
sample of walkers using a
panel of older walker users.

2. Collect information about
walker use from groups of
older walker users.

Evaluate the impact of walker
features on the usability by
the intended users.

METHODOLOGY

The project comprised two parts:
focus group research and laboratory
evaluation of walker use.
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Focus groups

Three focus groups were conducted.
Two groups met in Oxford, MS among
participants of the laboratory
study after the usage trials. The
members of the group in Memphis, TN
were walker users, some of whom had
participated in another research
project.

Usage trials

The purpose of the usage trials was
to assess the abilities of the 55
year old and older user to use
various walker styles. The
specific objectives of the study
were to:

1. Identify the benefits and
limitations of walker
features.

Compare the differences in
user performance with walkers
with no wheels, two wheels,
and four wheels.

Walker equipment

Before beginning the study, a
meeting was held in Milwaukee,
Wisconsin, with representatives
from ten walker manufacturers and
distributors from the United States
and Canada. The meeting was held
to explain the purpose of the
study, solicit participation, and
gain suggestions and insight into
the conduct of the study.

The walker manufacturers invited to
participate were all those
producing walkers as identified
through searches of the 1989
Medical Devices Register and The
Thomas Register. Twenty manufac-
turers participated in the study.

Each manufacturer was asked to
submit walkers under four
categories:

Group 1. Rigid Walkers that are
the standard product
prescribed for Medicare
recipients. They were
not to have wheels.

Group 2. Folding Walkers without
wheels.

Group 3. Two - Wheeled Walkers.

Group 4. Four - Wheeled Walkers
including both
traditional and the newer
styles of wheeled
walkers.

Subjects

The criteria for participants in
the laboratory evaluation were: (1)
55 years of age or older, (2)
current use of a walker or usage
during the previous year, (3)
ability to come to the test site,
and (4) ability to participate in
the evaluation tasks. Transporta-
tion was provided if needed.

Procedures

The walker height was set by
aligning the top or grips with the
top of the subject's thigh. At
this height, the subject's
shoulders were to be level and
elbows flexed comfortably at 20 -30
degrees (angle measured from the
vertical to the lower arm).

Measures of time and number of
steps required to traverse were
recorded for two flat surfaces 25
feet in length and on a 20 foot
incline with a grade of one inch
rise for every 12 inches in length.
The flat surfaces were (1) a hard,
painted wood track and (2) a
carpeted track with one -half inch
pile inclusive of backing. Sub-
jects walked the length of the
marked track, turned and walked
back. The testers were asked to
walk quickly without racing or
endangering themselves. Crossing a
busy intersection with the light
was the reference for walking
speed.

RESULTS

Subjects

Eighteen subjects ranging in age
from 51 to 86 years, with an
average age of 72.9 years partici-
pated. Eighty -four percent were
women, 42 percent were Caucasian,
and 58 percent African American.
The subjects reported several
conditions that caused their
physical limitations including
broken bones, weakness, balance
problems, paralysis, amputation,
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hip surgery, and arthritis. The
greatest number of the subjects
(31.6 percent) had used a walker
because of a fracture, including a
broken hip. Falls or accidents
(38.8 percent) and arthritis (26.3
percent) were the two major
precipitating factors.

Analysis

The two performance measures, time
and number of steps to walk a set
distance, were highly correlated
(r = 0.97). Average walking speed
was 1.4 feet per second at a rate
of 1.5 steps per second. The
slowest pace was set with the rigid
walkers with a time of 0.75 feet
per second at a rate of 1.2 steps
per second. The fastest rate was
produced by the four - wheeled
walkers which travelled at a speed
of 1.7 steps per second.

A two way analysis of variance
( ANOVA) was conducted on individual
walkers and walkers categorized by
group for each of the two perfor-
mance measures. All four ANOVA
tests showed the differences
between walkers and groups of
walkers to be highly significant (p
< 0.0001) and the differences
between performances on different
surfaces to be insignificant
(p > 0.10).

Student - Newman -Keuls post hoc
procedures were used to group the
groups and individual performance
ratings. The four - wheeled walkers
as a group were found to produce
faster walking speeds and longer
step distances than were any of the
other three groups. The two -
wheeled walkers were slower than
the four - wheeled walkers but faster
than the non - wheeled walkers at an
alpha level of 0.05. Both wheeled
walker groups were significantly
faster than the non - wheeled groups.
The two non - wheeled groups were not
found to differ from one another
significantly at an alpha level of
0.05.

Only one four - wheeled walker and
four two - wheeled walkers fell in
the group of twenty walkers with
below average performance scores.
In the group of twenty walkers with
above average performances there

were only one rigid walker and
three folding walkers. Sixteen of
the top twenty performances came
from wheeled walkers. Fifteen of
the twenty worst performances came
from non - wheeled walkers.

DISCUSSION

When subject walking times are
summed by groups across surfaces
every subject walked faster with
the wheeled walkers than with the
non - wheeled walkers. However, not
all subjects preferred the wheeled
walkers. In focus group
discussions the frailest subjects
expressed strong dislike for the
walkers with wheels. Their stated
objection was that even though they
could travel faster with the
wheeled walkers they felt less
secure. One subject expressed her
feelings by saying, "The wheeled
walkers act like they have a mind
of their own."

Subjects who expressed a strong
desire to maintain their life style
in spite of the effects of aging
and disability preferred the faster
speed and more natural walking
pattern that they experienced with
wheeled walkers. Less stable
subjects who wanted a walker for
security and to prevent falls
preferred the non - wheeled walkers.
All subjects exhibited a faster
pace and more natural leg motion
with the four - wheeled walkers.
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2.1
MOBILE ROBOTIC PLATFORM CAPABLE OF FOLLOWING A HUMAN COMPANION

Lincoln A.  Jaros,  Ulrich Raschke,  Simon P . Lev ine, Johann Borenstein
Rehabilitation Engineering Program, Department of Phys ical Medicine and Rehabilitation

Mobile  Robot Laboratory,  Department of Me c hani c al  Engi ne er i ng
Univ ers ity  of  Mi chi gan

ABSTRACT

A pilot research s tudy is underway which will develop
and demons tra te several capabilities necessary to
build a  mobile robotic pla tform (mobile robot) which
can detect and  fo l lo w a  huma n companion as the
companion moves  about in a real world setting. Such a
robot must be able to measure the direction and
approximate  dis tance to its intended companion. It
mus t then combine this  and other environmental data
to execute following movements. This  paper outlines
the sensor systems and computational stra tegies
currently being employed in this research.

BACK GROUND

A variety of rehabilita tion applications for a  mobile
robotic base have been proposed. These include
performing delivery and re trieval activities, moving
ass istive equipment such as robotic arms and
environmental control sys tems from room to room, and
acting as an activity guidance sys tem or navigator for
a patient with cognitive  impairments . Each of these
tasks  makes  s imilar demands of the  robot. For each,
the robot must be able to move about in the
environment without running into people or objects. It
needs  to perform this obstacle avoidance in real t ime
without significant s lowing. The robot mus t a lways
know its  current location in t he  glo ba l  map  o f the
environment (absolute  position), and based on this
location, be  able to calcula te  the  path it  mus t trace to
reach any other given location or room (global path
planning). Progress towards these  two goals has  been
reported elsewhere(1,2).

Anot her imp orta nt requ ire ment  is  tha t the  robot  he
able  to keep track of and follow a  human companion.
This  frees  the  companion from providing continuous
directions when the robot is to follow. Another
valuable outgrowth of companion -following is the
ability to lead a  companion who is  unsure  a lone, due
either to the  complexity of the  environment or to some
level of cognitive impairment.

STATEMENT OF THE PROBLEM

Companion-following has  two aspects . The  fi rs t  is
companion- tracking. The robot mus t be able to detect
the  location of i ts  intend ed companion a t a ll  t imes ,
The second aspect of companion - following is
locomotion. The robot must use the sensory
information about companion activity to stay close. In
a  real  environment  these following movements  mus t
incorporate  information about detected obs tacles, as
well as data about the companion. The stra tegy

involved in achieving safe locomotion through obstacle
detection and autonomous navigation is discussed in
other published reports from this study(1,2,4).

The key to successful companion - following is adequate
information about the companion's behavior. In
particular, the robot must be able to detect the
direction to and the  approximate  dis tance from the
companion. Direction information tells the robot how
to approach the companion. Dis tance data indicates
when the robot is close enough to stop its approach.

Ideally, position measurement of the companion should
occur several times each second. A high sampling ra te
provides  two advantages. By sampling frequently and
averaging readings, the robot can tolerate less
accuracy in individual sensor readings. Lowering the
required accuracy lowers  the price  and complexity of
sensor systems.

The other advantage of high sampling ra te  concerns
the obstructed view problem. In an environment empty
of everything except the  companion and the  robot, the
tracking - following exercise cons is ts  sole ly of moving
toward the companion whenever the companion moves
away (i.e ., distance to companion increases). The real
world introduces  many obstacles such as  walls  and
people. Virtually all  detection systems  depend on a
line-of-sight connection between robot and companion.
For example, the infra -red (IR) detection system used
in this project will  fail  if an object is placed between
the IR light source  and the  IR detector. In practice,
the line -of -sight connection between robot and
companion is constantly being interrupted when
someone walks between the two or when the
companion moves behind any object.

When the robot loses contact, it mus t rely on
information it already has to plan a s trategy which will
result  in reestablishing line -of -sight contact. Here a
rapid data  sampling rate is invaluable. By comparing
successive readings recorded just before loss of contact,
the robot can es timate course and speed of the
companion. Based on this  es timate  and the  robot 's
acquired knowledge of obstacles in the environment, it
can decide how best to find the companion.

The sensor equipment is part of  t he solution to
companion - tracking. The other pa rt  i s behavioral
stra tegies built  in to the control software of the  robot.
The two chief tracking problems this  software mus t
face are  mentioned above. The firs t  is  moving the
robot to follow the companion in an unobstructed
environment. More difficult is dealing with the
obstructed view problem caused by s tatic and dynamic
obstacles.
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APPROACH

The platform used in this research is a commercia lly
available robot manufactured by Denning Mobile
Roboticsa for security applications. The Denning DRV-
1W is a three- wheeled robot designed so that all
wheels  are driven and a ll wheels  steer together. It
combines the following subsystems (see Figure 1):

Onboard Master Control Computer This is an
IBM - compatible 80386 -based computer. It is
responsible for all sensory integration, obstacle
avoidance, companion - tracking and control
decisions.

Ultrasonic Ranging Rine The robot is surrounded
by a  ring of 24 Polaroid ultraso nic  transducers
mounted radially at 15° intervals. Each sensor can
be fired individually, and provides information
about the  dis tance to the  neares t obs tacle  in the
direction the sensor is facing.

Infra -Red Beacon Detectors An infra -red (IR)
sensitive  camera is  mounted in such a  way that it
may be rotated freely through 360' . The system
detects specially designed IR beacons in the
environment around the robot and provides
accurate direction information to these beacons.

The beacon used is a s imple, battery- powered c ircuit
driving an IR light emitting diode (LED). Sixty times
each second this LED flashes  a serial seven -bit digital
code. Each beacon can be set to a unique code,
allowing the robot to dis tinguish between several
beacons. For the tracking task, a  beacon circuit will be
mounted on a  belt to be  worn by the  companion. By
spacing 3 or  4 LEDs around the belt, the robot's
camera will  be able  to see  the belt  regardless  of the
companion's orientation.

Figure 1. Block Diagram of Mobile Platform

The IR sys tem provides the robot with information
about the direction to the companion. From this
direction, the  robot can determine which of i ts  sonar
sensors is pointing at the  companion. The distance to
the  companion can then be determined from the real -
time obs tacle  map cons tantly being updated by the
sonar software. Us ing distance and direction, the
robot will continuously update its estimate of the
location of the  companion, and move to stay near.  The
goal is  to have the robot remain within a  range of 0.5
to 2.0 meters , even with other people  and obs tacles
crossing between the robot and companion.

The control a lgorithms  for companion - following have
two objectives. The first is to execute basic  movement
commands. When the  companio n moves  away, the
distance between companion and robot will increase .
The robot mus t respond with motion commands  to
follow. The speed that the robot moves is a function of
several factors, including the current distance from the
robot and the speed and direction of the companion.

The second objective is to handle  the obstructed view
problem introduced earlier. When the  robot looses
sight of the companion it  mus t decide how to proceed.
The initial approach is to have the robot follow a set of
rules to attempt to rees tablish contact:

1) Store the  current robot location, the companion's
last estimated location, course and speed as well as
the current local obstacle map. The estimate  of
companion course and speed comes from
comparing successive recent location estimates.
The local obs tacle  map is  a  product of exis ting
obstacle avoidance software. It is a continuous ly
updated picture of obstacles around the robot.

2) If the companion was  s topped or a lmos t s topped
before  loss of contact, pause for several seconds.
This  will  prevent unnecessary or jerky motion in
response to momentary interruptions , as  when a
second person walks in front of  the standing
companion.

3) If the  companion was moving, or after the  pause
time has expired, move the robot from its  current
location to the las t estimated location of the
companion. The speed of the robot before loss of
contact determines the speed of this move. If the
robot was actively following, it  will continue a t
speed. If it was stopped, it will approach slowly.

4) While approaching the last estimated location,
scan for the  IR beacon i n the  genera l direction
( ±45 °) of the companion.

5) Having arrived at the es timated location, scan for
the beacon through 360'.

6) Stop active scanning, but wait for movement
detected by local map comparison. This  is  an
experimental idea aimed at detecting possible
locations  of the companion. When contact is lost,
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the robot records the local obstacle map. By
comparing this original map with the  current map
it should be  pos s ible  to identify new centers  of
motion and activity around the  robot. The robot
can then go to step 8 above and approach the  area
of movement.

IMPLICATIONS

The current approach imposes  several conditions. The
companion mus t we ar some article to hold the IR
beacon. This  is  not expected to present a  problem,
since this circuit is only slightly larger than that
contained in other commercial LED jewelry and
novelty clothing items.

A more important shortcoming of the current
configuration is  the  mounting of the  IR camera. At
present thi s  det ector is  a t tache d so t hat i t  turns  in
unison with the  robot 's  wheels . In orde r to tu rn the
detector, it is necessary to turn the  robot. The detector
has  a view angle  of 20' so that mos t of the  time this is
not a  problem. However, when the robot loses sight of
the companion and must search a wider fie ld of view it
is almost essentia l to s top the robot before  performing
the scan. In the future , i t  will  be  des irable  to mount
the  IR equipment so that i t  can be rota ted separate ly
from the wheels . Without this addition, following is
more difficult, while leading a companion is not
practical.

The methods used for companion - following were partly
dic ta ted by the  equipment a lready available  on the
robot. Background research fa iled to identify other
techniques which had a clear advantage over the
sonar -IR combination chosen. Most other promising
technologies currently suffer from unacceptable cost or
excessive  requirement of development time.

DISCUSSION

Previous  rese arch and tes t ing in the  la boratory has
demons trated the  efficacy of the hardware used in this
project. The IR system has  been used success fully to
allow the robot to compute  its  absolute  location and
orienta tion. Three beacons are mounted a t k nown
locations  on the  room walls, permitting the  robot to
find its position by triangulation. Under best
conditions  the  distance between robot and beacon can
be a s  mu ch a s  1 4 me ters , well  beyo nd the  5 me ter
range maximum projected for companion - tracking.
The sonar equipment and navigation software has
displayed s imilar profic iency in the laboratory. Rapid
sampling and innovative  data  reduction can produce
accurate  obstacle  maps , even though individual sonar
readings  are somewhat unreliable.

Future  research will  show whether the  combination of
these  two sys tems  will enable practical

companion -

following. An important component of this  research is
tes ting of the  final configuration. This  tes ting will

occur in several stages. Initially, the robot will
perform only in a carefully controlled laboratory
setting, Subsequent trials will introduce more complex
situations, including moving obs tacles (persons and
carts) and environment barriers (doorways and halls ).
The final tes t  for a  success ful des ign will be  to face
these situations in a real world environment.
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Introduction

Rehabilitation robotics research, which is con-
cerned with the provision of assistance to  peo-
ple with motor disabilities, has concentrated on
three primary application areas - daily  living ac-
tivities, educational activities, and vocational ac-
tivities. The success of such research projects has
been mixed and has been influenced by many fac-
tors. In the vocational applications, the success
has largely been restricted to  projects involving
highly motivated individuals who have acquired a
physical disability after becoming skilled at a par-
ticular job. This has been true of the successful
application of interactive robotics in  Seattlel and
Palo Alto ' in  the USA, and Malmo' in  Sweden
where robotic devices have been used as support
in computer- oriented vocational activities. The
application of simple robot systems has made it
possible for a small number of people to  return
to their original place of employment. Associated
with each of these successful applications has been
the desire of the employer and co- workers to assist
a colleague who had become disabled to the point
of being incapable of vocational activity without
assistance. This motivation to employ and assist a
highly skilled colleague in need is exceptional and
cannot be taken for granted by the many physi-
cally  disabled people who are unable to  take ad-
vantage of employment opportunities.

The research described in this paper attempts to
look beyond the exceptional cases and identify
generic activities within manufacturing industry
where human decision- making ability  is required
and the person may be trained on- the -job. Many
people with severe physical disability  from birth
have a restricted primary education and little sec-
ondary education. It is unlikely, therefore, that
there will be widespread prospects for jobs such
as computer programming which requires an ad-
vanced secondary education. In this sense, the ap-
proach is closer to that taken at the Cerebral Palsy
Research Foundation4 in  Kansas and the IRV' in
Holland where robots have been used to  enable
physically disabled people to  participate in light
manufacturing activities.

R o le  fo r  Au to m at io n

Automation is commonly considered for applica-
tion in manufacturing industry as a means of in-
creasing productivity on repetitive assembly tasks.
Attempts to automate production processes fully
have been hindered by the relatively slow devel-
opment of suitable technology, the rapid develop-
ment of the technology incorporated into the prod-
uct, and the reluctance of industry to invest in
technology which is expensive in comparison with
human labour. It is known that automation is suc-
cessful for high volume, rigidly structured tasks
that require little decision - making. For tasks that
require human decision - making, however, full au-
tomation is impossible.

Consider the technology associated with the pro-
duction of electronic circuit boards. While there
are advances in production processes, there are
even more rapid advances in  the technology as-
sociated with the products. Although it may be
possible to develop and apply an automatic visual
inspection system which can detect flaws associ-
ated with conventional pcb fabrication methods,
this would amount to solving yesterday's problems
with today's technology. In view of this, it is likely
that for the foreseeable future there will remain a
need for human sensing facilities and the ability
to adapt to different inspection tasks.

It is in manufacturing scenarios which rely on hu-
man decision - making that people with impaired
motor function may use appropriate handling de-
vices to carry out the limited manual tasks within
a more complex activity . Demographic changes
are resulting in an ageing population, a shrinking
labour force, and as a result, a need for industry
to consider a wider source of labour.

R es e a rc h  S u m m ary

The current project represents a collaboration be-
tween researchers with an interest in rehabilita-
tion engineering, researchers with an interest in
production processes, vocational placement offi-
cers with a particular interest in the assessment
and placement of people with physical disabilities,
and industries involved in manufacturing. The
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research is currently  focusing on two aspects of
the general problem. mom an engineering per-
spective, an survey of industry is  being carried
out to identify interested manufacturing indus-
tries, the employment needs of the industries, and
jobs within the industries which require a high
level of human decision- making and limited man-
ual dexterity . In  parallel with this survey, cur-
rent employment assessment procedures are being
considered with a view to developing worksamples
and assessment procedures to evaluate the perfor-
mance of a human using an interactive robot to
carry out selected manufacturing activities.

Exploration of Production P roces s es

As of December 1990, a series of thirteen industrial
visits  have been carried out in  a search for prac-
tical applications of interactive robotics in  main-
stream production industry. These visits were
based on promising responses to  a mailshot and
follow -up telephone appeal to 250 manufacturing
industries in the Cambridgeshire area. The initial
contact with the industries described the interac-
tive robotics project and requested the help of in-
dustry in identifying practical applications. The
encouraging level of interest from industry may be
attributed to  both altruistic and economic consid-
erations. The latter consideration is  particularly
encouraging since it  indicates the growing need
for certain  industries to consider unconventional
sources of labour.

Prospective applications have been identified pri-
marily  in  the quality  control aspect of the pro-
duction where some simple material handling is
involved. The activities fall in to one of the follow-
ing categories: electronics production /inspection,
inspection of machined parts, bench -top chemistry
activities, specialised quality control, and general
materials handling. Examples of promising activ-
ities include the visual inspection of electronic cir-
cuit boards, the visual inspection of the surface
of machined parts, the visual inspection of seed
samples and plant clippings, and the subjective
evaluation of the base chemicals used in fragrance
production. The prospective applications are cur-
rently  being assessed to determine methods of in-
troducing interactive robotics into the production
process and to determine the implications of such
an approach to the manufacturing process.

As s es s ment

In parallel with the consideration of the issues re-

lated to manufacturing engineering, consideration
is also being give to  the assessment of an interac-
tive robot systems as a vocational assistant. In
order to carry out this assessment, a worksample
is under development which allows productivity to
be measured. The task will be representative of
the activities which have been identified as possi-
ble candidates for the interactive robot approach,
while the selection of candidates will be based on
standard cognitive and physical assessments such
as visual acuity  tests, cognitive reasoning tests,
and range of motion tests.

It  is  proposed that a person who, having been
identified as a prospective candidate for the inter-
active robot approach, performs badly at the as-
sessment activity may do so for two reasons. First,
the person may not be motivated to  carry out
the particular job function. Second, the human-
robot interface may not be appropriate for the
person and may be confusing or difficult to  ac-
cess. The former result indicates a mismatch be-
tween the job and the person while the latter re-
quires modification to  the system. Both of these
results , in addition to  feedback from the people
who achieve good performance at the activity, will
provide valuable insight for subsequent system de-
velopment and potential application areas.

In view of this, the assessment activity will have a
two -fold purpose. In the short -term, information
will be gathered to  provide a comparison of as-
sisted and unassisted performance at simple qual-
ity control activities. The average productivity
rate for representative operations could be deter-
mined from a broad spectrum of able- bodied work-
ers in the industries. Similarly, the average rate for
a worker with impaired hand /arm function who is
currently employed in  an industry would be de-
termined. Finally, the production rate for a dis-
abled person in combination with a robot would be
determined and compared against the production
rates for the groups of currently employed workers.

It is quite likely that a complex manipulation com-
ponent of an activity which can be completed by
a simple robot will be completed faster and more
accurately by an able- bodied person. It is  impor-
tant, therefore, that manipulation not dominate
the practical application or the assessment activ-
ity.

Parity between a disabled worker /robot and an
able- bodied worker is unlikely although it is pos-
sible that a range of activities exists which fall
within an acceptable productivity level. The range
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of tasks will depend on whether the comparison is
with the able- bodied workers or those with some
manipulation impairment. The aim of the project
should be to enable a person to reach a relatively
high -level of productivity as compared with able -
bodied workers. An acceptable level within a shel-
tered workshop setting may be lower although it
must compare favourably with the baseline for cur-
rent employment within such a workshop.
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2.3 Factors in the Prescription and Cost - Effectiveness of Robot Systems
for High -level Quadriplegics

J. Hammel, MA, OTR & 1i.F.M Van der Loos, EDME
Rehabilitation R &D Center and Spinal Cord Injury Center

Palo Alto Veteran Affairs Medical Center
Palo Alto, CA USA

Abstract

In order to ensure the success ful implementation and
acceptance of robotics technology for severely disa-
bled employees  in the  vocational setting, protocols
Must be  se tup to analyze disabled user needs , the
technology transfer process, reimbursement and cost -
benefit is sues. To illustrate this  crit ica l process , the
methods  for the  design, development and evaluation
of the  Desktop Vocational Ass is tant Robot are  de-
scribed.

Bac kgrou nd

The des ign of the Desktop Vocational Assis tant robot
(DeVAR) was prompted by the goal to increase the in-
dependence of high -level quadriplegics  in the work-
place (see Figure 1). Beyond the  technical challenge

of designing an effective  and robust robot sys tem to
replace attendant care , the  research team needed to
address technology transfer, cost - benefit, user assess-
ment, and reimbursement issues.

A user and task assessment protocol Is now In place to
assure an effective  incorporation of the robotics  tech-
nology In a disabled person's exis ting work setting.
In addition, overtures  to insurance companies  and
third•party re imbursement agencies have made us
aware  of the crucia l Issues  involved in the  prescrip-
tion of this type of device.

The installation of DeVAR at Pacific  Gas & Electric
(PG &E) Company In the office of a high -level quadri-
plegic  programmer, and t he  continuou s  use  of the
system over an 18 month period, have a llowed us to
explore  the problems and factors  Involved In a sce-
nario typical of future realistic cases.

Figure 1: Quadriplegic employeeusesDeVAR toperformdaily living and vocational tasks in
the office setting.
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Research Question

Based on feedback from reimbursement specia lis ts ,
and based on the  cost and nature of the technology
in question, our hypothesis is that a robot system wt11
be an effective alternative  to human attendant care in
the  workplace when it can reliably replace the  a tten-
dant for a  minimum of one 4 -hour contiguous  time -
span.

In order to replace  the a ttendant, the  robot mus t be
capable  of performing a ll  required tasks , including
daily living and vocational tasks, reliably, safely, and
in a  t imely manner. The disabled employee mus t be
able  to independently control the robot system.
Voice control was chosen as the primary control
method for the  DeVAR sys tem. A backup control
method mus t a lso be  provided for occas ions  when
voice recognition becomes temporarily unreliable
(high ambient noise ,e tc. ). The DeVAR system pro-
vides  a  backup mouths tick to the  user for sending
commands via the keyboard as well as a separate seri-
al port l ink to, for example, the  employee's applica-
tion computer.

Multiple safety features are essential if the employee
Is left  unattended for a long period of t ime. on the
DeVAR system, the user Is able to stop the system via
three  modes: saying the  command "STOP ", making a
loud noise , and pushing the emergency s top switch
mounted near the  user's  face. Spasms can occur fre-
quently amo ng individuals with high -level spinal
cord injuries  and can range in severity, sometimes
caus ing the individual to lose  his /her pos itioning In
the wheelchair. To safely accommodate for these
spasms when the  Individual is  lef t  unattended, an
emergency call  sys tem independent of the  robot or
phone operation must be  provided. All ofthese crite-
ria must be met before  third -party relmbursers  will
consider the robot as  a viable alternative  to the  atten-
dant.

Methods

Based on the activity analysis of the typical day in the
life of PG &E's quadriplegic  employee (RY), DeVAR
was  designed and programmed to perform both daily
living (fetch a  drink, dispense medications and throat
lozenges, serve lunch, scra tch face) and vocational
tasks (manage papers, operate  the phone, fetch print-
outs, fetch mouthstick). This task repertoire  was im-
plemented before the system was placed in the  work -
site to minimize employ ee dis turbance and initial
system malfunctions . Several tasks were  identified
only after the system was installed as the user realized
the robot's  capabilities. DeVAR was installed in RY's
office in July, 1989. Following an initia l adjustment
period, the  robotic  sys tem has been used on a  daily
basis  for the pas t 18 months , requiring maintenance
engineer work approximately once a  month.  Auto-
matic computerized his tory list capabilit ies  were im-
plemented to a llow the research team to analyze the
robot performance t hroughout each day and track
any problems with the system.

A two -part (B -A), single- subject study was done to
compare the performance of the  robot versus the at-
tendant in performing manipulation tasks . In the first

part, RY was asked to use the robot forall  manlpula-
lion tasks , limiting the  use  of the attendant to set -up
tasks, tasks outside the  office, and emergency assis-
tance for a period of s ix 10 -hour days. In the second
part, RY used the a ttendant only for four 10 -hour
days, Two observers recorded all ac tivities. Evalua-
tions  were compared with computerized history lis ts
and extended play videos of the  attendant.

Results

Results of the  s tudy supported the  hypothesis, dem-
ons tra ting that the  a ttendant could be  replaced for
two 5 -hour shifts , given access to emergency assis-
tance if needed.  It was  determined that a ll  tasks the
robot was incapable of performing, such as  complex
paper sorting and mail retrieval, could be delegated to
set -up times, thus limiting the  role of the a ttendant
to setup in the  morning, lunch hour, and evening.
In doing this , the  a ttendant could then be available
to perform a low -level job for the company and re-
main available to a number of disabled employees on
an emergency bas is, thus benefitting both the compa-
ny and employee.

Results also indicated that DeVAR could offer a cost -
effective  alternative  to attendant care  (see Figure 2)
(Van der Loos,1990). Insurance companies typically
pay for a ttendant care on a 4 -hour shift basis a t $30
per hour, Taking into account the initia l cost of the
robot sys tem ($100,000) plus  annual maintenance
costs , the  initia l Inves tment of DeVAR could be  re-
couped in 2 years given the replacement of the  atten-
dant for two 4 -hour shifts. A non - trained attendant,
such as RY's, cos ts between $5 and $10 per hour. In
RY's case, he could recoup his attendant costs entirely
In 5 years.

This demons tration of the economic feasibility of De-
VAR versus  an a ttendant has  led to a  cooperative
R &D Agreement between the Department of Veterans
Affairs and a local startup company to commercialize
the DeVAR system and transfer the technology to the
disabled and corporate community.

Discussion

Since robotic technology involves a  large initial  in-
vestment, several sugges ted alternative scenarios for
reducing this cost and increas ing the overall benefit
should be explored In order to provide incentives for
the  adoption of this technology In the  workplace.
Robots which have been taken out of factory se ttings
can be refurbished and purchased a t subs tantia l dis-
counts for use In DeVAR worksta tions. Additionally,
one robot works ta tion could be  shared by two disa-
bled employees working separate shifts or redesigned
to accommodate  two desks during the same shift,-

With the recent passage of the  Americans with Disa-
bilities  Act (ADA), Incentives also exist  for govern-
ment assistance in the reason -able  accommodation of
a disabled employee.  Since ADA prohibits  the dis-
criinination of any qualified job applicant based on
the person's disability, it is expected that technology
such as DeVAR, which can offer cost - effective inde-
pendence to the disabled employee, will become
more commonplace in the future.
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Figure 2: Cost - benefit comparison of DeVAR versus attendant care.
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LOW COST PNEUMATIC ACTUATORS FOR APPLICATIONS IN 2.4

REHABILITATION ROBOTICS

Stephen D. Prior & Peter R. Warner
Middlesex Polytechnic

Faculty of Engineering, Science & Mathematics
London, United Kingdom

ABS T RA C T

This paper presents the initial results of an in-
vestigation into the static and dynamic
performance of a new type of low cost pneu-
matic actuator. The results of the tests will be
used to determine the most appropriate actuator
for each joint of an electric wheelchair mounted
robotic arm. The background to sources of ex-
ternal power is reviewed and the application of
flexible pneumatic actuators discussed.

BA C KG RO UN D

The search for alternative  methods  of actuation
has been on -going since the early developments
in powered prosthetics /orthotics in the  1950's.
In the  e ar ly 19 60' s  ma ny re sea rc h gro ups  fo-
cussed on the use of pneumatic  servos  powered
by compressed carbon dioxide CO2.  The essen-

tia l requirements  for any external power source
were  s e t out  by Kiess li ng [1]  in 1 960 and are
still valid today, these  were:

1.  Universally available .
2.  Low cos t.
3.  Non toxic .
4. Safe  in use.
5.  Ease  in Handling.

6.  Portable .
7. . High power /weight ra tio.

When CO2 was  reviewed in 1960, as  a  poss ible
source  of external power, i t was  found to be  to-
tally acceptable under all  these requirements.
Ho we ve r when devel oped  in prac tice  for the
Thalidomide children, problems soon arose.  Due
to safe ty requirements , the CO2 gas  bottles  had
to be  fil led a t a  centra l depot.  This  meant that
each user had to keep several full bottles  in stor-
age at their home, with the inevitable cost
penalty. The fil ling costs were also high and the
bottles needed replacing often.  Another problem

was  the  weight,  a t  approximate ly 1.5 k g each,
they were found to be  a  portabili ty problem, as

described by Davies [2].
For these  reasons , more conventional forms  of
actuation were adopted, notably, e lectric  motors
and hydraulic devices.

Pneumati c  muscle  sys tems
There  have been many different types of muscle
actuators  designed over the las t thirty years . One
of the earliest was the McKibben artific ial
muscle  of 19 61, which c ould use  e i ther gas  or
liquid as  i ts  working medium.  The muscle  con-
sis ted of a  longitudinal piece of hollow braided
materia l, a gas tight inner tube and suitable  end
fixtures  for external a ttachment and pressuriza-
tion. Whe n pressurized, the braided materia l
expands  and the  axia l length contracts , so exert-
ing a pulling tens ion. Recent developments
along the  s ame l ines inclu de the  Br idges tone
'Rubbertuator'  (1984) [3] , the  ROMAC sys tem
(1986) [4]  and the  work by Prof.  Jack Winters

(1990) [5].

The pneumatic  muscle  actuator, 'Flexator'  de-
scr ib ed  i n this  work wa s  inve nt ed  b y Mr  J im
Hennequin of Inventaid Ltd.  The muscle  can be
used in various different configurations , the cur-
rent research involves  measuring the  s ta tic  and
dynamic performance of the 'Flexator' in
twenty-four different rotary configurations.
The 'Flexator'  is  cons tructed from s tandard lay -
fla t  fire hose, manufactured in the  U.K.  for fire
fighting applications . The materia l is l ight, dur-
able and both heat and water res is tant.  Its cos t is
also rela tively low (approx.  £3 per metre length),
it  being produced in vas t quantities for commer-
cial use.

RES EA RC H Q UES T IO N S

1.  Do the  'Flexators '  a dvantages  over conven-
tional forms of actuation outweigh its
disadvantages.

2.  Is  i t poss ible  to predic t the  behaviour of the
'Flexator' under varying pressure , temperature ,
volume and work conditions .
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METHOD

The pneumatic muscle actuator is being tested
using a purpose -built single -axis test -rig incor-
porating sensor measurement of shaft position,
line and muscle pressure and muscle tempera-
ture.

Figure I .- Schematic layout of the test -rig

Together with the experimental analysis, a the-
oretical model of the system has been developed
using the non - steady flow energy equation
(N.S.F.E.E.) incorporating unsteady heat con-
duction.

EXPERIMENTAL RESULTS

One of the early test results, for a large size of
muscle, is shown in Fig.2. From the graph we
can see the response of the system to a step input
of 40 psig (2.75 bar g) for a single muscle sys-
tem After an initial lag of 1.8 seconds the
system responds with a linear angular displace-
ment of the output shaft of approximately 180
degrees in 8.5 seconds. We can also notice the
pronounced drop in line pressure when the valve
is opened. It is planned to investigate the use of
accumulators to reduce the pressure drop and the
lag of the system. The pressure -line bore

Muscle Type: 102x150, Slop Input 40 PSI
"Pte/Chan •260
'SamplaHs »31

u

» n..

t r a
a

b

Figure  2 .- Response of  the  sys tem to  a s tep
Input.

diameter and size of the muscle are also critical
factors affecting performance.

DISCUSSION

Pneumatic muscle actuators like the one de-
scribed in this paper offer many advantages over
conventional forms of actuation. This type of ac-
tuation seems to lend itself to the fields of
rehabilitation robotics and orthotics/prosthetics,
because of its inherent safety and human like
quality of compliance. When used in antagonis-
tic pairs they can provide double - acting control
together with the ability to vary joint . stiff-
ness /compliance independently of joint angle, in
a similar manner to human muscles [6].
Whether such systems can be used for industrial
robotics remains to be seen.
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2.5
FURTHER DEVELOPMENT OF A ROBOT WORKSTATION FOR THE DISABLED

Graham Pullin *, Michael Hillman +, Andrew Gammie +
Roger Orpwood +, Charles Stammers *

+ Bath Institute of Medical Engineering, United Kingdom
* School of Mechanical Engineering, University of Bath, United Kingdom

Abstract

Following experience with a commercially
available arm, a purpose built manipulator
has been developed as an integral part of
a relatively low cost robotic workstation
for the disabled.

Introduction

Robot technology has the potential to
provide considerable help to people with
severe upper limb disability. The means
to manipulate objects would offer a much
greater degree of independence than that
presently provided by less versatile
devices. However systems utilising
industrial robot arms are too expensive
for the average disabled person to buy.

Background

The initial concept of an affordable
workstation led to the purchase of a cheap
educational robot [1] and the building of
a system around it [2]. Clinical trials
at a local spinal injuries unit supported
the feasibility of a relatively low cost
workstation but highlighted fundamental
shortcomings of the manipulator employed.
Only then was the decision taken to
develop our own purpose built robot arm.

Workstation Layout

To be appropriate in a domestic setting
the size of the workstation was reduced to
that of a typical desk, 4'6" by 3'. The
shelving was integrated into a single unit
at the back. It presently contains a
computer disc drive, a car radio cassette
player and racks for the storage of floppy
discs, music tapes, books and documents.
The arm is positioned next to the user
where it does not obscure the view of the
tasks being carried out.

Manipulator Geometry

The manipulator is of a jointed
cylindrical geometry. An articulated arm
is positioned in the horizontal plane by
rotary actuators at shoulder and elbow,
whilst vertical motion is provided by a
linear actuator which lifts the whole arm.
Yaw and roll freedoms are present at the
wrist but pitch is omitted because the
gripper remains horizontal. The
individual link lengths were chosen to
allow the arm to fold up into a compact
parked position when not in use and the
sliding vertical post can be retracted
into the desk. The absence of a fixed
post allows good visibility along the arm
and leads to a less bulky appearance.
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Mechanical Design

The lifting mechanism is hidden away in a
cabinet under the desk and incorporates a
spring to counterbalance the weight of the
arm. The rotary actuators do no work
against gravity and so are small enough to
mount on the arm itself, thereby
simplifying the drive train. All joints
are driven by geared d.c. servomotors via
additional gears or belts. Positional
feedback is provided by incremental
optical encoders. The hollow arm is
constructed from standard aluminium
extrusions, all mechanisms and cables
being hidden inside.

Control System

The power supplies and electronics are
also situated in the cabinet under the
desk. A circuit board rack houses a
microcomputer accessing six motor control
cards and other cards interfacing with
sensors on the manipulator. An
environmental controller is also included.
Software on the microcomputer card
controls the movement of the arm,
calculating trajectories and passing speed
demands to the motor control cards. It
also interfaces with a separate desktop
computer, with which the user interacts.

User Interface

The computer on the desk is used to
display a menu of choices which the user
selects with any of a wide range of
switching devices. The robot can be
controlled directly, or whole routines can
be stored and replayed. In addition this
computer is still available for
programming or word processing.

Wheelchair Mounted Arm

The same basic manipulator could instead
be mounted on a wheelchair for increased
versatility. It would fold up into a
compact parked position behind the seat,
keeping it discreetly out of sight when
not in use and not increasing the width of
the chair. Studies with full scale
mock -ups are preceding the construction of
a working prototype.

Present Progress

The workstation and manipulator have been
built in our workshops by Martin Rouse and
Peter Laidler. Electronics and software
development is nearing completion. The
system has been briefly tested by a
multiple sclerosis sufferer and is soon to
undergo more extensive clinical trials
both at a hospital and in private homes.

Future Work

In anticipation of the results of the
trials, different aesthetic treatments of
the arm are being examined. Work is also
proceeding to refine the basic design to
facilitate eventual small batch
production. Both considerations favour a
change to easily removeable moulded
plastic covers around an aluminium
structure.

Conclusions

Design and construction of the prototype
manipulator and workstation are complete
and extensive clinical trials are
imminent. The new system overcomes the
flaws of the old, which utilised a
commercial robot arm. Further refinement
is underway to facilitate eventual
manufacture. In addition the possibility
of mounting the same basic arm on a
wheelchair is being considered.
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F ROM P RO TOT YP E  TO  CO MME RCI AL P ROD UCT  IN S WEDEN
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AB S T R AC T

This paper d es crib es a Swed is h s ys tem for fac ilitating the
transfer of prototypes into co mmercial pro ducts. Financial
supp ort in different forms can be given to manufac turers .
Ab out 15 prod ucts are s up po rted annually and  more than
60% were subsquently marketed and sold successfully.

BAC KG R OUN D

A well -kn o wn p ro b lem in  r eh a b ili ta t io n te c hn o lo g y
develo p ment is the trans fer o f d evelo p ment res ults  into
manufactured  and marketed products. All too often proto-
types,  even if  p ro ven valuab le after tec hnic al and clinical
evaluatio ns ,  end  up  o n s helv es  in the lab o rato ry o r the
wo rks ho p . T h e  main  r ea s o n  is  t h at  ma n y p o t en t ia l
manufac turers regard the market as too  s mall,  unknown or
unc ertain. They are not willing to  inves t  the init ial c os ts
for setting up production of a new assistive device.

AP P R O AC H

In order to bridge the gap between prototype and product, the
S wed is h  Han d ic ap  Ins t itu te,  a g o ve rnme nt agen c y re-
sponsible for the field of rehabilitation tec hnology, supports
manufacturers financially at the start of productio n of a new
device for the disabled.

There are two fo rms of supp ort. A d irect  subs idy c an be
given to the c ompany to cover part  of infidal c osts, s uch as
production adap tation, tools, molds and other set -up costs.
The s ubsidy us ually covers 50% o r mo re of the total co sts.
T he  In s ti tu te has  ha d  ava ila b le  1 ,5 millio n S EK (US $
270,000) p er year fo r thes e s ub s id ies . The s up p o rt  is
co mb ined  with a repayment c ond itio n: if  the p ro d uc t is
successful in the marketplace, the company must pay back a
percentage of its profit on each product sold.

The Institute can also issue a guarantee that a certain number
of p ro duc ts  will b e so ld over a fixed  t ime p erio d,  us ually
two years, fro m the d ate marketing starts. If the guaranteed
nu mb er  h a s  no t b e e n s o ld ,  t he  I ns ti t ut e will  b u y th e
remainder or issue a new guarantee and cover the extra costs
for the co mpany. The Institute can have a to tal maximum
of 4 millio n S EK (US $ 730,000) in o uts tanding guarantees
at any given t ime.

In their applications for support, manufacturers must include
informatio n no t only ab out the p rod uc t,  its charac teris tics
and its user group but also the total costs for production, the
intended produc t price, the number of produc ts to be manu-
factured and  the amount and typ e o f supp o rt  ap plied  for.
This information is handled strictly confidentially.

3 .1

The d ec ision to give sup po rt  is  b as ed up on an ass ess ment
that includes the need of the product, the expected quality of
the p rod uc t, the likeliho od  o f the prod uct not being manu-
factured without s upport, the capab ility of the applicant and
if the indicated price is reasonable.

If a decis io n to grant s up po rt  is  mad e b y the Ins titute,  an-
other agency.  SUB, draws up a c ontrac t with the applicant,
stating in d etail the o bligations of the comp any and the con-
ditions for support, including a repayment schedule.

EXP ER IE NC ES

Altho ugh the to tal fuuinc ial amo unts  availab le for the sup-
po rt  have b een q uite small, the p rogram has  p roved  to  b e
successful and valuable. On average, 15 products have been
suppo rted  annually out of 25 applications. Over the period
1980 -85, mo re than 60% o f the p ro ducts s up po rted  were
marketed and sold suc cessfully. Some have been exported.
Supported products range from ADL equipment to advanced
computerbas ed sys tems. Examples  of prod ucts s old inter-
nationally are: co mmunic ation aid s Multitalk,  Po lyCom and
PolyT alk, Permo bil powered wheelchairs , the Phoenix c ane,
the Memory Maid  hearing aid and the Index Braille printer.

The funds for the sup port  program c ome fro m the Minis try
of Health. The p rimary go al o f the p ro gram is to increase
the number of good assist ive devices. But the p ro gram has
als o had a po s itive effec t  on the as s ist ive techno lo gy in-
dustry itself. I t has clearly helped to  create and supp ort the
c o n tin ue d  e xis te nc e  o f n ew c o mp a nies  in  th e f ie ld  o f
assis tive technolo gy. For s mall companies in particular, this
supp ort has  been very valuable, o r even nec essary, for the
introduction of new products in their production lines.

T he  f ac t  th at  t he  Han d ic a p  In s t it ut e s h o ws  fa it h in  a
potential p roduct by s uppo rting it f inancially also  helps the
companies to find other funding, from banks or investors.

In a rec ent government d ec is io n,  the annual amount avail-
ab le fo r s up po rt has  b een increas ed  from 1,5 to 4 millio n
SEK (US$ 720,000), effective from 1991. The support can
now also b e us ed to  cover the final p art of the develop ment
phase,  in o rd er to  b ridge the gap  b etween p roto typ e and
product even more efficiently.

Gunnar Fagerberg
INROADS
Thames Valley Children' s Centre
779 Base Line Road East
London, Ontario
CANADA
N6C 5Y6
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3.2 A Follow -up Plan For Rehabilitation Technology:
An Occupational Therapist's Role

Paul J. Mortola, MS, OTR, Jean Kohn, MD, Maurice LeBlanc, MSME, CP
Children's Hospital at Stanford, Rehabilitation Engineering Center,

Palo Alto, CA 94304

ABSTRACT

A follow -up program has been
implemented at Children's Hospital at
Stanford Rehabi li tation Engineering
Center to improve the length and the
intensity of the care clients receive when
they are fitted with rehabi l i tation
technology. The follow -up program,
conducted by an occupational therapist,
used a three -group experimental design
to implement differing levels of follow -up
care to 60 subjects. Functional skills and
the user /device match were assessed.
Preliminary findings from 15 subjects who
received a custom seating system suggest
that the group who received the highest
level of follow -up care were sitting more
comfortably, for longer periods, and liked
the appearance of their device more when
compared to the baseline group.

INTRODUCTION

What currently confronts the rehabilitation
technology field is the dilemma of individual
needs. How do we as health professionals
attempt to mold each piece of technology into
the l ives of the c lients so that they are as
functional as possible and the device is
produced within the time and monetary
constraints that govern our field? To
exacerbate these problems, technological
advances in the field continue to race forward
compounding the problem of identifying what
technology is assisting the clients and what
technology is adding to the space shortage in
the clients' closets. The battle has only
begun! It has come time to find out exactly
what technology is being used, and by
whom? How it is being used? And for how
long?

The importance of this issue has not been
overlooked by National Institute on Disability
and Rehabilitation Research ( NIDRR) who in
1978 funded the Children's Hospital at
Stanford Rehabilitation Engineering Center
(CH @S REC) to conduct research in the area
of device effectiveness (Kohn, et al., 1983).
In one of the findings ci ted, the team that
conducted 49 home visits out of a total study
population of 196, found that 21% of the

devices were rated by the team as "limited" or
"unsatisfactory". A recommendation from the
team was that "Routine follow -up should be
staff initiated, at regular intervals; and the cost
of the follow -up should be included in the
initial cost of the device ". As a result of this
finding, for the past two years CH @S REC
has been conducting additional research in
the area of follow -up under a NIDRR funded
REC on Technology Transfer. Even though
there has been some lag time in the
continuation of the follow -up concept it is no
coincidence that the opportunity has again
presented itsel f in a period when hospitals
and medical facilities are implementing
'across- the - board' qual i ty assurance
measures to increase cost - effectiveness and
client - satisfaction.

In the past, rehabilitation technology has
been delivered with very little, if any, follow -
up. If there is going to be an enlightenment
concerning our understanding of how the
technology is assisting clients, a follow -up
plan needs to become one cog in the wheel
of the provision and delivery of rehabilitation
technology.

What Is Follow -Up? Follow -up in the general
market place is not a new concept, but in the
medical field, specifically in rehabilitation
technology, it is  anything but common. A
good example of follow -up is the endodontist
who has his patients return six months after
their initial procedure was completed for a
brief, no- charge examination. Why does he
do this? There are probably several reasons
but the primary motivation being that in the
long run it is more cost - effective for him to
identify minor problems at the six -month
check and correct them rather than have
these patients develop major problems down
the road costing two to three times as much to
repair. When consumers buy a new car
costing $10,000 from their local dealer they
expect some sort of maintenance program
over the next few years or until the car
surpasses some designated amount of miles.
A consumer who needs to purchase a power
wheelchair and a custom - seating system
which may cost as much as that new car
would find it frustrating to discover that the
likelihood of finding such a documented
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maintenance program for their new piece of
rehabilitation technology is highly unlikely.
After reviewing the literature available
regarding follow -up programs currently being
conducted, it would be next to impossible.

Studies by Kohn, Caudrey, Seeger, Coghlan,
Law, and McGrath point to one specific and
problematic question; how much, if any,
follow -up care should providers of
rehabilitation technology provide to their
clients? Is it enough to call the clients two
weeks after they receive the device, or should
they be contacted at regular intervals
beginning shortly after del ivery and
continuing through one full year? The
Imp lem entati on and Follow -up of
Rehabilitation Technology program currently
being conducted at CH @S REC is using a
combination of follow -up techniques to
determine how clients can receive maximal
benefit from their device and how the REC
can provide this service at a cost - effective
level.

An Occupational Therapy Role: In a field that
is not quite 30 years old, it is hard to identify
what a therapist's "traditional role" has been
in the provision and delivery of rehabilitation
technology. When pressed for a definition,
an occupational therapist's role will almost
always involve an evaluation component that
calls for a decision possibly resulting in the
acquisition of rehabil itation technology.
Rarely does the occupational therapist
function alone in this capacity. Often times
the role of the therapist is to work with the
team (rehabilitation engineers, physicians,
clinicians, physical therapists, technicians,
etc.) in deciding the most appropriate
technology for the individual. The decisions
are not only based on the "want" of the client,
but the therapist's and team's knowledge of:
assistive technology and the type of devices
that are available and /or affordable; the
physical, cognitive, and emotional status of
the client; and the environmental concerns
that can determine the success or failure of a
device.

The occ upational therapist /project
coordinator for the CH @S REC follow -up
program is a unique posi tion in the
rehabilitation technology field. However, the
type of therapy skills that are needed for the
position are not reliant on any specialized
training but are the basic assessment and
evaluation skills that all therapists possess.

Whether it is a wheelchair, a seating system,
a below -knee prosthesis, or a communication
device, the therapist is trained to evaluate
and assess the areas that need improvement
so that functional gains can be obtained. The
'follow -up' therapist does just that, assess
and evaluate the client's functioning with the
device. The device alone is not evaluated,
the client interface with that device and the
environment is. The role of the "follow -up
therapist" is to determine the status of the
client and their device and to use the
evaluational information to determine the
action that needs to take place.

METHOD

Group Structure: A total of 60 (N = 60)
subjects were entered into the follow -up
study during the five -month period in 1989 by
randomly assigning the client to the control
group (Group 1) or either of the two
experimental groups (Group 2 and Group 3).
Each of the three groups received a differing
amount of follow -up care. Group 1 received
the currently practiced follow -up care
(baseline) and Groups 2 and 3 received more
frequent and intensive follow -up care.

PRELIMINARY RESULTS

The intent of the fol low -up program is to
determ ine what types of fol low -up are the
most effective and efficient during a one -year
period. Therefore, partial results will serve
only as an example of the type of results that
are expected at the conclusion of the one -
year study. The six -month results from 15
subjects (five subjects in each of the three
groups) who received a custom seating
system will be discussed.

- Device use; Return Visits; Quality of
Work; Training Adequacy (Phone -Call
Follow -up Form): At the six -month evaluation
only one subject out of Groups 2 and 3 were
no longer using their device. Twenty percent
in Group 2 and 60% of the subjects in Group
3 had returned to the REC for refittings or
adjustments since they received their device
six months ago. Ninety percent of the
subjects in Groups 2 and 3 rated the quality
of work on their new device as "Above
Average" or "Excellent ". One subject out of
ten in Groups 2 and 3 found that the training
at the time of delivery was inadequate.
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• Comfort /Appearance (Functional
Evaluation Form): Subjects in Group 3
reported the greatest change in sitting
comfort from their old seating systems to their
new system. In Group 1, 40% felt that the
comfort was "Good" or "Excellent" in their old
system while 80% rated their comfort "Good"
or "Excellent" in their new system. In Group
3, 100% felt they had greater comfort in the
new system when compared to their previous
system. When subjects in Group 1 were
asked how long they could tolerate sitting in
their seating system each day, 40% could sit
for six hours or more in their old system while
60% could sit in their new systems for the
same length of time. Eighty percent of the
subjects in Group 2 and 100% of the subjects
in Group 3 were able to sit for eight or more
hours in their new systems. Both these
figures were greater than the subjects sitting
tolerance in their old system. When asked if
the devices appearance was acceptable,
only the subjects in Group 3 were all satisfied
with their new devices appearance.

DI SC US SI ON

The findings discussed in the results section
are incomplete and preliminary. Even with
this premature analysis there are obvious
trends that favor the subjects in Group 3. The
fact that a subject was in Group 1, 2 or 3 did
not alter , in any way, the recommendation or
selection of a particular device. Yet, the
preliminary results show that subjects in
Group 3 are more comfortable, are able to
tolerate si tt ing longer, and like the
appearance of the device better than the
subjects in Group 1 and, to a lesser degree,
the subjects in Group 2. How can this be
explained? The full impact of follow -up can
not be realized until this study and others of a
similar scope are analyzed. For now, it can
be assumed that since the subjects in Group
3 were seen at the REC for additional work
(fol lowing the ini tial del ivery) on a
significantly more frequent basis, their device
has a better "f it" than those subjects who
have had no additional visits.

The role of the occupational therapist in the
follow -up program can be a natural extension
of the evaluation and assessment skills
possessed by all therapists. Rehabilitation
technology can be divided into two areas:
"low technology" which commonly is
associated with "off the shelf' products that

are usually not customized (i .e., reachers,
button assists, etc.); and "high technology"
which is customized and tends to be "one -of-
a- kind" equipment that require evaluation
and fabrication components. Although these
devices vary somewhat, the critical need for
an accurate evaluation, training, and follow -
up can play a significant role in the eventual
acceptance of the device.

Although follow -up is by no means a routine
practice in the field of rehabil itation
technology, occupational therapists are well
sui ted to functionally assess the match of
technology with the needs of the users.
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3.3

Management of Spasticity Via Electrically Operated Force Relecting Sticks

Daniel W. Repperger
Armstrong Aerospace Medical Research Laboratory

Wright Patterson Air Force Base, Ohio 45433 -6573

Introduction:

At the Armstrong Aerospace Medical
Research Laboratory, Wright
Patterson Air Force Base, Ohio,
recent Department of Defense (DoD)
studies have investigated force
reflecting stick controllers which
assist pilots in removing extraneous
responses in their stick motions.
These types of extraneous arm
motions are a consequence of a pilot
flying an aircraft in a complex
acceleration environment. This same
type of technology developed in the
DoD can be easily transferred to
studies in Rehabilitation
Engineering involving spastic
patients. The objective of this
study is to obtain better stick
controllers which preclude or better
manage spasticity. A joint effort is
being initiated between the VA /DoD
with application to head trauma
patients at the VA in Hines,
Illinois. The two most obvious uses
of this technology are: (1) Design
of spastic free wheelchair stick
controllers, (2) Design of stick
controllers for input devices into
computers as communication aids.

Methods:

The device constructed for this
effort was constrained to be
completely electrically operated. It
was required to use minimum electric
power, it must operate in two axes
with force reflection occurring in
both axes simultaneously, and the
device must have minimum weight and
size. The force reflection developed
by this system must only penalize
spastic arm motions. Normal stick
displacement motions for control of
a device such as a wheelchair must
not physiologically fatigue the
user. Thus the device must recognize
the difference between a spasm and a
normal stick motion in order to
apply force reflection at the
appropriate time.

Results:

A two axes, force reflecting
stick prototype has been built which

can act (electrically) as a pure
dashpot, or a pure spring, or any
hybrid combination of these
mechanical characteristics. The
method of distinguishing between a
spasm and a normal stick input is
developed in electrical hardware.
This circuit is developed on a small
testboard and can easily be
converted to a chip. The overall
device produces up to 4.8 foot -
pounds of torque and its size is
quite manageable for wheelchair
applications because it fits in a
reasonably small volume. The
electric operation of this device is
such that when no spasm occurs, no
power is withdrawn from the battery.
Therefore it is an apparently subtle
device which only operates during a
spasm. The testbed developed for
this study is to be used to collect
data and to illustrate the efficacy
of force reflection to better manage
spasticity. Testing of patients
with spasticity will commence in the
summer of 1991.

Discussion:

The technology developed in
aircraft stick controllers to remove
undesirable biodynamic responses can
be transferred to studies dealing
with the management of spasticity.
The convenience of using electrical
devices results in a small testbed
that is amenable to studies in
Rehabilitation Engineering. By
having such a device which is
constrained to minimize the electric
power drained from a source such as
a wheelchair battery, this
technology becomes attractive for
use in Rehabilitation Engineering.
The remaining constraints such as
size, weight, and torque output make
the engineering design of such a

device a technology breakthrough for
those people who need assistive aids
to help manage spasticity. The
prototype developed by the DoD will
be demonstrated at the RESNA
Conference.
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3.4 Ldw Vision - The Reference -
A Case Study of Using Disk Media to Disseminate Bibliographic Information

David L. Jaffe - Rehabilitation Research & Development Center
Gregory L. Goodrich - Western Blind Rehabilitation Center

Department of Veterans Affairs Medical Center - Palo Alto, CA

Abstract

Low Vision - The Reference is a computer disk -
based compilation of over 3700 citations of books,
journal articles, conference proceedings, and other
works on the broad topic of low vision. It covers
the areas of rehabilitation, optometry, psychology,
ophthalmology, visual science, and education.

Providing this information on a disk enhances its
utility over the personal compilation traditionally
empfoydd by researchers. It is easier to update and
distribute and it can be used with a variety of
computer systems and database programs.. In
addition, it is accessible to low .vision and blind
researchers through the use of adaptive hardware
and software.

Background

In 1985, Dr. Olga Overbury, then a post - doctoral
fellow at the Western Blind Rehabilitation Center
(WBRC) at the Palo Alto VA Medical Center,
began accumulating a low vision reference list.
The compilation soon contained several hundred
citations. In 1986, the list was distributed as a
handout at the First California International Low
Vision Conference held in  Asilomar, CA. When
Dr. Overbury completed her fellowship, the
reference list was taken over by one of us
(Goodrich). By 1989, it had grown to over 1000
entries. Although frequently used by its  au thors,
few researchers in the field knew of the
reference's existence.

In the intervening years, the reference became
more comprehensive by incorporating
bibliographies compiled by Hilda Caton,
Marrianne May, and other colleagues at the
WBRC. Reference lists from publications and
computer literature searches were also added.

Objective

Several suggestions were considered as ways to
improve researcher's access to  the low vision
literature. First, a comprehensive reference would
be desirable. Second, a keyword index would
make locating references easier. Third, a text
document would be cumbersome to search
compared with a disk -based version. Fourth, both
Macintosh and IBM PC disk formats of the
reference would have to be available. Fifth,
generic file formats would make the reference
compatible with a variety of commercial database
application programs. Finally, dissemination on a
computer disk would allow the greatest flexibility
in modifying the data. An approach meeting all
these requirements would give any user with a

personal computer easy access to a versatile and
comprehensive database of the low vision
literature.

Method / Approach

Low Vision - The Reference,acompilation of low
vision citations, has been developed on computer
disk, media as an improvement over the traditional
publication of this bibliographic information in
print form: A pfint version would be bulky (over
400 pages) _and inaccess ible  to users with low
vis ion or  bl ind nes s .  Since the  av era ge number  of
pu bl ic at io ns  pe r ye ar  i n lo w vi s i on ha s  do ub le d
each decade since 1950 (see Figure 1), a text
document would soon become obsolete. On the
positive side, the disk format offers many
important benefits . The entire reference can be
stored onto one standard15 inch floppy diskette
which is easier to u date, duplicate, and
disseminate thana bound print voluihe: The disk
media version of the reference is cothpatible with
both Macintosh and PC computers, The
information 6 n the disk is stored as database files
that ate easily searched and sorted to find entries
that meet certain criteria. For example, all
references of a particular author or citations
covering a specific topic like color vision can be
retrieved. Finally, the computer version can be
made accessible to low vision and blind database
users by using various large print attd voice output
adaptions to computer systems.
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Figure 1 - The number of low vision publications
per year by decade.
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Low Vision - The Reference

The Macintosh version of Low Vision - The
Reference was created using FileMaker (Claris
Corp.) and requires one megabyte of RAM and
1.5 megabytes of hard disk space. This version is
also accessible with Macintosh compatible
database software that accepts tab delimited text
fields and recognizes records separated by a
carriage return.

The PC compatible version of Low Vision - The
Reference is identical in content to the Macintosh
version and is stored in a dBase (Ashton -Tate)
compatible format. One of several dBase -
compatible software packages is  required to use
the database. For ease of dissemination, the files
on the PC compatible disk have been compressed
to fit onto one 3.5 inch 720K floppy disk. During
installation, the files are decompressed and moved
to the hard disk where they occupy 3 megabytes.

These text /dBase file compatibility formats have
wide acceptance and allow users considerable
freedom in their choice of database software.
Therefore, the purchase of a specific commercial
database program is not required.

As illustrated in  the sample record below, each
citation in Low Vision - The Reference, is
composed of five fields: author, date of
publication, title, source, and keyword index. Each
of these fields can be searched to find the citations
that meet the researcher's needs.

Sample Record:

Busse, D.G.,RoDer, L.R., Ferell, R.R. & Vadasy, P.F.
(1985),

hploynent of deaf -blind Rubella students in a subsidized work progran.
Journal of Visual Inpaireent and Blindness, 79 (2), 59 -64.
NOLTI1UHANDICAPS, VOCATIONS, LEARNING SKILLS AND DEVELOPMENT, RUBELIA

The keyword index field was added to each
citation as another method of sorting and selecting
references. The 81 keywords are organized in the
following major categories: AGING including
CHILDREN (under 18 and including infants),
CHILDHOOD DEVELOPMENT (motor and personality
development), and LEARNING SKILLS AND DISABILITIES
(including cognitive skills), DEVICES (13 areas
including general vision correction, evaluation,
and technological studies), EDUCATION (4 areas
including school settings), EYE DISEASES & DISORDERS
(32 areas), EYE SURGERY (including all surgeries),
FAMILY ISSUES (including involvement and
counseling), LIGHTING including light and
illumination studies), LOW VISION SERVICES (2 areas
including delivery, organization,  management, and
eva lu at io n of  c linic s ,  d ep ar tments ,  o r agenci es ),
PERCEPTION (11 areas including tests of vision),
PERCEPTUAL SKILLS AND TRAINING (5 area s  includ ing
utiliza tion studies , rehabili ta tion, and eye
exercises ), SOCIETAL CONSIDERATIONS (including
social and economic costs of vision disorders), and
STATISTICAL STUDIES (includin$ demographics,
epidemiology, and case studies of over 250
subjects).

The disk versions are accessible with some large
print and synthetic voice access programs. Low
Vision - The Reference has been successfully used
in the Macintosh environment with C1oseView
and Outspoken with the FileMaker database
application program. In the PC version, dBase
databases have been tested with JAWS, VERT,
and Artie Vision speech synthesizers.

Coburn Optical Industries provided a grant to
support the citation entry, keyword indexing, and
proofreading tasks necessary to make this
reference available in a hi hly useful form to
researchers around the world.

Both the Macintosh and PC versions of the
database are available from:

Low Vision Center of Tulsa
Autumn Oaks Building
6846 South Canton Ave., Suite 130
Tulsa, OK 74136
918/494 -6000
918/494 -0175 FAX

Discussion

Low Vision - The Reference was first made
available in December, 1990 through Coburn
Optical Industries and has been advertised
through LOVNET, an organization of low vision
investigators with electronic mail accounts on
Internet. As of this writing, several dozen orders
have been placed with Coburn. An evaluation of
the reference, its ease of installation and use is
planned by the authors.

As demand warrants, updates will be made
available on computer disk.
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3.5

An Interdisciplinary Approach to Product Assessment

Kitch Barnicle' & Chris Lavanchyz
'National Rehabilitation Hospital, Washington, D.C.

2ECRI, Plymouth Meeting, PA

ABSTRACT
Several classes of rehabilitation equipment
were evaluated by an interdisciplinary team
including occupational therapists, physical
therapists, biomedical, and mechanical
engineers. The results of performance
evaluations, clinical assessments as well as
input from additional clinical experts and users
were combined to create comprehensive
reports reviewing selected assistive
technology. Five c lasses of products have
been or are currently being evaluated by the
team of clinicians and engineers. The results
of these evaluations can help individuals make
the appropriate, critical match between the
user and the device.

BACKGROUND
Choosing or prescribing assistive technology
can be a difficult task. Many factors which
are unique to each potential user must be
considered prior to selecting a device, such as
current physical status, prognosis and the
home or work environment. The significance
of the decision to purchase a piece of
adaptive technology increases when cost and
reimbursement issues are considered. In
many instances a third party payor w ill only
reimburse a consumer for a single device and
if a poor selection is made the user is often
left wi thout further alternatives. Adding to
the dilemma is the sometimes large number of
devices available within a class of products.
The consumer often does not have the
resources available to determine which device,
wil l work effectively and efficiently to meet
their needs, is reliable, safe, easy to use as
well as affordable. [Galvin, 901 Consumers
and clinicians must make the decision to buy
or prescribe rehabilitation products based on
information provided by the manufacturer and
or product vendor. In many rehabilitation
centers only a limited number of devices are
avai lable for trial use. The purchase of a
piece of equipment can represent a significant
expenditure for an individual , family or third
party payor. The consequences of a poor
match between an assistive technology user

and device can range from device
abandonment with a subsequent decrease in
i ndependenc e to ser ious med ic a l
complications. [Batavia,901

APPROACH
Evaluating assistive technology requires
several steps and input from representatives
of many disciplines. The evaluation process
combines two distinct methods of analysis,
engineering and clinical analyses. Many
human factor, ease of use and safety features
of the devices under test are evaluated from
both an engineering and clinical perspective.
Throughout the process of evaluating assistive
devices the findings of the engineering and
clinical analyses have a great influence on
each other. The preliminary results of
performance testing may result in a redirection
or updating of the clinical assessment.
Likewise an unexpected finding during a
clinical assessment may suggest the need for
additional performance testing. Below is a
description of the testing conducted during a
product evaluation. Though discussed
separately here, the successful integration of
results is important in the development of a
product evaluation.

Performance Testing
Prior to testing products, research is
conducted to determine the existence of
previously established United States or
international standards. Performance criteria
are created using existing standards. If no
standard for the device has been established
performance criteria are adapted from criteria
for similar devices or are based on the
perception of need derived from extensive
product research. Performance analysis can
encompass a wide range of tests depending
upon the complexi ty and intended use of a
device.

Product evaluation involves examining three
central aspects of the product, its
performance, safety and ease of use. The
evaluation begins by examining certain basic
criteria such as stability, load capacity,

30 R ESNA 14th ANNUAL CONF ERE NCE • KANSAS C ITY, MO. 1991



PRODUCT ASSESSMEMT

electrical and /or mechanical safety and quality
of construction and design. Additional
product specific tests are also performed,
such as the maneuverability of scooters or slip
resistance of canes (see table 1). Performance
tests are developed to reflect actual use
situations. Device testing is conducted at an
independent test laboratory.

Clinical Assessment
In addition to the extensive performance
testing, each product evaluated undergoes a
clinical assessment. Occupational therapists,
physical therapists and rehabilitation engineers
assess the device to determine its functional
effectiveness. These assessments are based
on an analysis of how the device will be used,
the clinicians experience with the device,
published reports and interviews with users.
The clinical assessments are conducted in
order to determine how individuals with
various disabilities will function with a
particular device. For example, an individual
with arthritis may find a comfortable scooter
handle valuable while an individual who may
have difficulty transferring may find a swivel
seat more important than the handle type.

The clinical and engineering analyses of the
products are carefully merged to create a
document that is clear and easy to read.
Throughout the evaluation process the test
methods, procedure and documentation
undergo extensive review by experienced
engineers, clinicians, manufacturers and
consumers [Brown, 901. Efforts are made to
ensure that the final report is both accurate
and understandable. The final document is
disseminated to consumers, manufacturers,
clinicians and third party payors.

Results
Five classes of devices have been or are
currently being evaluated (see table 1). The
last column represents the percentage of
devices that were rated acceptable, followed
by the total percentage rated acceptable or
conditionally acceptable. In other words
almost all of the devices tested are acceptable
for use but many only under certain
conditions. For example, virtually all of the
canes evaluated met the established criteria,
however, many were rated conditionally

PRODUCT
p

t ESr 96 Rated -'
CATEGORY Acceptable

Patient Transfer 5 - weight capacity 4 0 % / 8 0 %

Aids -wear resistance
- surface texture

- rotating disks - weight
- slings -user comfort
- transfer boards -ease of use
- transfer stands quality of const ruction

safety
-ease of cleaning

Patient Lifts 15 - strength 6 0 % 1 1 0 0 %
- stability
- tendency to swing
quality of const ruction

and design
-fluid spill
-ease of use
- mechanical efficiency

Canes 26 - static loading Canes
Crutches 19 - dynamic loading 5 4 %

/

1 0 0 %
Walkers 22 -slip resistance Crutches

stability 1 0 0 % /
-ease of adjustment 1 0 0 %
quality of const ruction Walkers

and design 7 3 % 1 1 0 0 %

Scoot ers' 171 - maneuverability Scooters
- stability

-range not
- handling rated
- general safety

Batter ies 1 4 - capacity Batter ies
-life t ime

-gel cell 8 not
- sealed cell 2 rated
-wet cell 4

' These products currently being evaluated, results are
preliminary

Percentage rated acceptable / percentage rated
acceptable or conditionally acceptable

acceptable and should not be used by
individuals weighing over 230 pounds due to
their inability to withstand potential high
impact loads. [REquest,90 Canes Crutches &
Walkers]

Though most devices passed the performance
tests, the accompanying clinical assessment
indicates that certain devices may not be
appropriate for many individuals. For
example, one transfer aid was rated
conditionally acceptable; it passed the test
criteria. However, the device should not be
used by individuals with a breathing
impairment because the unit may cause chest
compression or dislodge ventilator tubes
[REquest 901.
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DISCUSSION
Because individuals with a variety of
functional limitations may be purchasing and
using the same device it is important that
these individuals assess their own needs and
environment. This is particularly true of first
time buyers who may not be aware of all  of
their needs. The importance of having both
engineering and clinical analyses of a device
becomes apparent during the process of
product selection. Combining the results of
the evaluation in one document will help
potential buyers or users determine what type
of features and characteristics will meet their
needs.

The collaborative procedure of evaluating
assistive technology developed at the REC,
and the independent testing laboratory, was
designed to assist consumers and clinicians
with the process of selecting the most
appropriate assistive technology. The reports
produced are also intended to assist third
party payors make reimbursement decisions.
In addition, the product evaluations provide
important feedback to manufacturers and
equipment dealers as to how their device
performed relative to its competitors and
which features were considered valuable or
detrimental to the effective use of the device,

Further work is needed to encourage the
medical, rehabilitation, and manufacturing
communities to develop product standards
and evaluation procedures for all assistive
technology.
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TECUNALOQY TRANSFER THROUGH STUDENT DESIGN PROJECTS

Allen H. Hoffman and Holly K. Ault
Mechanical Engineering Department
Worcester polytechnic Institute

ABSTRACT

Engineering student projects which
design and construct devices t o aid
the handicapped are a unique mode
of technology transfer, Advantages
of this mode of technology transfer
are direct interaction between the
user and the design team, the
creation of unique custom designs
at minimal cost, and the ability of
the design team to utilize the
technical expertise and resources
of a multidisciplinary university.
Disadvantages are long l e a d times,
inexperience of the design team,
variable workmanship, and the l a c k
of design improvements fostered by
a long term relation between the
user and the design team. Several
examples of devices designed by
student teams are presented.

BACKGROUND

Handicapped individuals often
require customized assist devices
to meet their s p e c i a l needs.
Currently there is little infra-
structure to deliver services for
the design and construction of
highly individualized devices, at
reasonable cost. Thus, the need
for very specialized equipment is
often not fulfilled. For less
unique needs, a typical approach i s
to take a standardized device and
attempt to modify it. often these
modifications are of an "ad h o c"
nature and the outcome depends
solely on the skill of the person
performing the modifications.
Furthermore, the private sector is
often not interested in producing
devices wh ich may be desirable but
are not required, such a s recrea-
tional sports devices. Overall
there exists a void i n the delivery
of customized assist devices to
users. Student projects are an
opportunity to focus the combined
resources of the university and
rehabilitation center on the
solution of specific problems. The
value of this mode o f technology
transfer has been recognized by

3.6

both rehabilitation centers (1) and
the National Science Foundation
(2)_

OBJECTIVE

We and our students have undertaken
a series of student design projects
which attempt to meet the needs of
individual users. The features
incorporated into these individual-
ized devices often have wider
application among groups of users.

METHOD /APPROACH

Our institution requires that all
students complete a major (design)
project during their senior year.
To generate projects, we have
developed long term relationships
with several rehabilitation
facilities. Professionals ( i . e ,
engineers, occupational therapists,
etc.) at these facilities develop
written descriptions for potential
projects and agree to serve as off-
campus liaisons for the project if
it is selected by the student
teams. The project descriptions
are used to recruit students. More
projects are suggested than can be
implemented. The faculty decide
how many student project teams,
each containing 2 -4 students, we
will advise. There is considerable
student interest in rehabilitation
design projects and we have found
It necessary to select among the
s t u d e n t applicants. The students
then fo rm their own design teams
and select their specific projects.
The project liaison acts as  th e
interface between the faculty/
students and the user. A primary
requirement for successful
completion of the project is the
design, construction and delivery
of a working device (or model if
that was the objective). Faculty
meet with the student teams on at
least a weekly basis, while
meetings are held with the liaison
an d  /o r user on approximately a
monthly basis. Telephone /mail
contact is more frequent. Direct
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costs associated with the design
projects are primarily for
construction materials. These
costs have been offset by donations
of materials from the rehabilita-
tion centers, manufacturers, the
college and more recently by a
modest budget from NSF under the
BRAD program. Examples of design
projects are presented in the
results.

RESULTS

Among recently completed projects
is the  de sig n o f a m ech ani sm to
allow a quadraplegic to row a boat
more efficiently. The design used
the force exerted by the rower
aga ins t the  b ack  of  t he se at to
move the oarlock relative to the
seat position and thereby improve
the efficiency. A mo d el  of  th e
mechanism was built.

A user operated wheelchair lift was
designed and  b uil t to facilitate
transfers between a bed and a
wheelchair. A hand operated
hydraulic piston powered the device
and incorporated a unique safety
mechanism to prevent the wheelchair
from rolling off the lift. In
another project, a standing device
was constructed to enable a para-
plegic to participate in sports
activities such as golf and base-
ball batting (Figure 1). Current
projects involve the design and
construction of a powered personal
mobility device for a young child
(age 3 -6) and the design and
construction of a lightweight
sports wheelchair frame.

DISCUSSION

The direct and continuing inter-
action between the design team,
rehabilitation professional and
user enhances the likelihood of a
successful device. Frequent
contact is essential to ensure that
the device meets the user's needs.
In our experience, the students
tend to become very committed to
developing a successful device and
no longer view the project as
purely an academic exercise. From
an expense standpoint, only the
direct cost of materials needs to
be covered. Project advising is
part of the faculty's normal work
load. Our institution prohibits
payment of salaries to undergrad-

uates when academic credit is
earned. Since student projects are
required, the university expects to
commit a modest amount of resources
to th is activity. The students
have access to the expertise and
facilities of the entire univer-
sity. This includes out -of-
department faculty, shops, library
and computer facilities. Similarly
the students have access to the
rehabilitation center data bases,
personnel and expertise. In
effect, the student design team
becomes a vehicle for transferring
technology between the university,
the rehabilitation center and the
user. This approach is well suited
to designing devices for unique
applications which require
interdisciplinary expertise.

An additional benefit is that
engineering students are exposed to
real problems in the rehabilitation
field. This exposure often changes
their view of the disabled and for
some students, it influences their
career path.

There are some disadvantages to
this approach. The process is slow
and thus not suited to meeting the
immediate needs of the user.
Generally it takes one year or more
from when a project is first
proposed until it is completed.
Student teams are inexperienced in
the design process and thus project
initiation time is extensive.
Major portions of the devices are
student produced and workmanship
can be variable when compared to a
professionally manufactured
product. However, the devices are
functional and in some cases would
not have been produced in any other
manner. Usually there is insuffi-
cient time remaining after the
initial device has been produced,
to modify it, and develop an
improved second generation device.
The rehabilitation facility may not
have the resources or time to
further improve the device.

In summary, student design projects
offer a unique method for the
transfer of technology from a
university environment to the
rehabilitation community. Custom
devices are created at minimal
cost. Direct and continuing
interaction between the design
team, rehabilitation professional,
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RESNA 14th ANNUAL CONFERENCE • KANSAS CITY, MO. 1991 35



3 . 7 Using the Knowledge of Human Factors Engineering in Rehabilitation

Serv ices

James  A. Boyless, P.E.
Department of Special Education and Rehabilitation

Univers ity of Arizona
Tucson, Arizona USA

I n t r o d u c t i o n

Re ha b i l i t a t i o n p ro f e s s i o n a l s ha v e the
opportunity to lessen the impact of a disabling
condition by proscribing assistive technology
devices. The application of assistive technology
holds great promise for enriching educational
opp ort uni tie s , imp ro vi ng inde pend ent living
options , equalizing empl oyment opportunities ,
and expanding leisure skills for persons with
disabili t ies (Barker, 1990). There remains ,
however, general agreement that the services
required to properly match clients ' abilit ies
with appropria te equipment options , and to
provide the equipment usage tra ining across
environments , are still fragmented (Barker).

D i s c u s s i o n

Fra gme nt ati on of the required services in
re ha b i l i t a t i o n e xi s t s be c au s e as s is t iv e
technology, when applied to assistive devices in
re ha b il i t a ti o n, is ha p ha za rd , mi sa pp li ed ,
misunders tood, and mismatched. Haphazard
application of assis tive technology is the result
of  b uy ing an off - the -shelf item and expecting it
to work without evaluation. Misapplication
occurs when more technology is thought to be
b e t t e r t ha n a p p ro p r i a t e t e c h no l o gy .
Misunder s tanding is the result of of simply
being unaware of what assis tive technology is
ava il abl e . Fi na ll y, the cl i ent can be
mismatched with ass is tive technology beyond
his  /her capabilit ies , l imi ta ti ons , and needs .
Applying human factors engineering principles
to the sys tem comb inat ion of client and
as s is t iv e te c hno l o gy ca n e l i mi na t e or
dra s t ic al ly red uce fr a gme nt a t i o n in the
rehabilita tion sys tem.

Both the rehabilita tion sys tem and the human
factors engineering discipline have as a central
focus: the client. Rehabilita tion profess ionals
attempt to restore their clients to that client 's
maximum potentia l, perhaps us ing ass istive
technology, while human factors engine ering
specia lis ts des ign and evaluate sys tems to
enha nce effectiveness and effic iency for the
cl i ent .

Human factored designed and evaluated systems
are composed of human, machines , and other
items coupled together in one place, at one
time, interacting to reach a goal that could not
be reached i n d e p e nde n t l y (my emphas is ) by
these same components Bailey (1982). The key
word is i n d e p e n d e n t l y . It appears that
rehabilita tive personnel in the system are
acting independently rather than personnel in
a sys tem united in its effort to support the
cl i ent .

By acting independently individuals within the
rehabilitative sys tem depart from its intended
miss ion of cli ent sup por t, resul ting in
fragmentation. The author does not imply that
acting inde pendently is inap pro pri a te but
ra t her to emp ha s i ze that rehab il ita ti ve
personnel in the rehabilita tion system must
have a focal point that provides relevant
information on assistive technology and its
application to the needs of the client.

The focal point, in the rehabilita tion system for
assistive technology application, should be the
rehabilita tion engi ne er cognizant of human
factors engine ering principles . Rehabilita tion
e ng i n e e r i ng p ro fe s s i o na l s c o mb i ne an
interdisciplinary study of engine ering, liberal
arts , sc ience, and education. Rehabilita tion
e ngi ne e r s take su p p or t e d co u rs e s in
psy cho logy, socio logy, phy s io logy, specia l
education, and rehabilita tion that enhance the
unders tanding of human abilit ies, limita tions ,
and needs . The education of rehabilitation
engineers does not end with graduation, but
through continual study these professionals
remain updated on new approaches, techniques,
and equip ment to match clients with the
appropria te technology. One area of study for
the rehabilita tion engine er includes human
factors engineering.

Hu ma n Fa c t o r s Engi ne e r i ng

Human factors engineering or human factors, in
simple terms, means des igning for human use.
The definition of human factors is based in
terms of focus , objectives , and approach.
Human factors specia lis ts focus on human
beings and their interaction with products ,
e q u i p me nt , fa c il i t ie s , pro c e d u re s , and
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environments used in work and everyday living
to better match the capabilit ies , limita tions ,
and needs  of people . The two major objectives  of
human fact ors are a) to enhanc e the
effectiveness and effic iency with which work
and other activities are carried out and b) to
enhance certa in des ir able hu ma n values .
Human factors engineering specialists approach
design and evaluation through the systematic
application of re levant informati on about
h u m a n c a p a b i l i t i e s , l i m i t a t i o n s ,
characteristics, behavior, and motivation. This
de fi ni ti on lays the fou nd ati on for the
fundamental concept in this discipline.

The fundamental concept in human factors
engineering is the s y s t e m . Restating Bailey
(1982), a sys tem is an entity that exis ts to
carry out some purpose. Systems are composed
of humans , machines , and other items coupled
together in one place, at one time interact to
reach a goal that could not be reached
indep ende ntly by these same comp onents .
Human - machine sys tems are combinations of
one or more human beings and one or more
physical components interacting to bring about,
from given inputs, some desired output Sanders
(198 7). Human - machine sys te ms inc lu de
manual sys tems , mechani cal sys tems , and
automated systems. Manual systems consist of
tools and ot he r aids . Mec ha nic al or
semia ut omat ic sys te ms cons i s t of well -
integrated phys ical parts that are generally
designed to perform their functions with little
varia tion. Automated sys tems perform all
operatio nal funct io ns with lit t le or no
intervention once activated. Each sys tem
requires various levels of human control and
levels  of technology.

Control of the system is accomplished through
the hu ma n -  ma chi ne i n t e r f a c e . T he
human - machine interface is the most important
portion of the system. Through the interface,
the individual receives information in order to
activate, respond, control, or deactivate the
system. Information may be presented to the
client through visual, auditory, and tactile
displays or through speech communication. The
human - machine interface is crucia l to the
intended goal of the sys tem. If designed
correctly, the human - machine interface aids in

re ac hing the sys tem goal and cl ie nt
sat is f ac tio n. Cl ie nt sat is fac ti on increases
effectiveness and efficiency while at the same
time reduces stress and fatigue in work and
other activities . Satis faction also means a
successful sys tem des ign.

The successful sys tem des ign results from the
human factors engineering process. Given the
goal of a desired sys tem, the human factors
engineering specia lists formulate a design to
meet that goal by applying relevant information
about the capabilities, limita tions, and needs of
the client, matc hing appropria te equipment
options , and inte grat ing a human - machine
interface for positive flow of information.

C o n c l u s i o n

With a focal point for tec hnol ogy, the
re h a b i l i t a t i o n s y s t e m c a n o v e r c o m e
fragmentation from independent application of
assis tive technology that is often haphazard,
misapplied, misunders tood and mismatched for
the client. The client will derive maximum
benefits from the appropriate ass istive device
des i gned and evaluated unde r appropria te
human factors. engineering principles. Finally,
c lients will benefit from des irable human
values inclu ding increased comfort, reduced
fatigue and stress, and greater satis faction.
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4, I Intelligibility Experiments with a Feature Extraction System

Designed to Simulate a Low - Bandwidth Video Telephone for Deaf People

Judith E. Harkins, Ph.D., Anthony B. Wolff, Ph.D., and Elizabeth Korres
Gallaudet University

Richard A. Foulds, Ph.D. and Scott Galuska, M.S.
A. I. du Pont Institute /University of Delaware

INTRODUCTION

This paper describes experiments to evaluate an algorithm for
extraction of features from video images of individuals
producing signs and f ingerspelling. The experiment assessed
the intelligibility of off -line processed images presented at four
frame rates.

A system developed at the University of Delaware /A. I . du Pont
Institute was evaluated through intelligibility tests by researchers
at Gallaudet University.

In order to develop a way for deaf individuals to communicate
over ordinary residential telephone lines by signing, methods
must be developed to severely compress the amount of data
found in full video, such that the information may be transmitted
in real -time. The method chosen by for this study is the
extraction of important features of a signer, such as hands,
torso and facial features, using a sophisticated 5 x 5 pixel valley -
detection operator developed by Pearson and Robinson
(Pearson and Robinson, 1985). After further development, the
feature extracted images could then be transmitted over a
phone line and animated on the receiving end.

Two questions were addressed regarding the technical feasibility
of transmission over a telephone. First, could the computer
perform the feature - extraction quickly enough to achieve real -
time conversation? By using parallel processors called
transputers mounted inside a PC, video could be processed at a
rate of 7.5 to 9.0 frames per second (fps) with a spatial
resolution of 256 x 256 pixels (Galuska, 1990). These images
could then be animated at a rate of 30 fps by processing every
third or fourth video frame in succession.

Regarding the intelligibility and acceptability of the images to the
intended users, many questions are raised. The most obvious
question is whether the processed images produce signs and
fingerspelling that are intelligible, and what frame rates are
necessary for intelligibility. Another question is whether signers
are willing to adjust their signing to compensate for weaknesses
in the system; for example, will singers willingly slow their
fingerspelling for reasons of enhancing intelligibility? The first
questions are addressed in this experiment and the second
questions will be evaluated when a real -time system is
completed in 1991.

METHOD

Once the feature extraction algorithm was devised, four frame
rates were selected for evaluation. Thirty fps was chosen
because of its value in comparison with the control condition of
full- video, which also is presented at 30 fps. The rates of 10,
7.5, and 6 fps were chosen because of the possibility to reduce
the data transmission requirement by factors of 3, 4, and 5,
respectively.

Preparation of Stimuli

The stimuli were videotaped using a commercially available VHs
video camcorder at a rate of 30 fps and a shutter speed of
1/500 second. The signers wore solid, dark clothing and were
videotaped against a solid black background in order to achieve
the greatest amount of contrast between the skin tone and the
background. This is important for the feature extraction process
to yield images that retain important information (such as hand
shape) while eliminating unimportant information (such as a shirt
pattern). After the signers were videotaped, the stimuli were
processed off -line (not in real -time) one video frame at a time.

Each frame was feature- extracted, and the results for each frame
were stored in a disk file. By doing so, the stimuli could be
animated at various frame rates by using only those frames
needed for that rate (i.e.. every frame for 30 fps; every third
frame for 10 fps; etc.)

Stimuli

Stimuli consisted of 30 signs, 60 fingerspelled sequences, 6
sentences, and 6 questions. Three signers were used, each
one producing one -third of the stimuli.

Signs. Thirty sign stimuli were selected for the trait of either
robustness or fragility on the handshape dimension of a sign
(Bornstein and Jordan, 1984), which may be the sign feature
most vulnerable to distortion in the feature - extraction process.
Half the signs were presented with lip movement and half
without. The variables of robustness /fragility,
presence /absence of lip movement, and signer were
counterbalanced in the order of presentation of the signs.

Fingerspeiling. For the fingerspelled stimuli, 30 words of four
letters and 30 four -letter sequences were used. In the list of real
words, an attempt was made to approximate the frequency of
appearance of letters in English. Nonsense sequences were
created by random selection of the same letters used in the real
words. Three signers were used. Thirty stimuli were presented
at 100 letters per minute and 30 were presented at 240 letters
per minute. (For purposes of this study, we have designated
these two rates as 'slow' and 'fast; but in practice, 240
characters per second is moderate speed; fingerspelling would
not likely be considered fast until it reaches about 360
characters per minute.) The variables of real /nonsense words,
speed, and signer were counterbalanced in the order of
presentation of the fingerspelling.

Sentences and Questions. Six sentences were presented.
Subjects repeated the sentence to the experimenter, who rated
these for accuracy. Following each sentence, a question (in the
processed form) was asked about the system, and Subjects
answered the question. These answers were either coded as
correct or entered in their English gloss form.

Subjects

Deaf subjects were recruited from the student body and staff of
Gallaudet University. The 120 subjects were fluent signers and
had been using sign language for at least ten years. All were
high school graduates and 42% had completed college. Ages
of subjects ranged from 18 to 50, with a median of 26. Ninety -
two percent reported their degree of hearing loss as severe or
profound.

Subjects were randomly assigned to one of five conditions: (1)
standard videotape (control), or processed signs at (2) 30
frames per second (fps), (3) 10 fps, (4) 7.5 fps, and (5) 6 fps.
Subjects were randomly assigned an order of presentation of
signs, fingerspelling, and sentences.

Experimental Procedures

Subjects viewed a total of 16 practice sentences (eight
sentences, each repeated once) in the experimental condition
assigned to them, prior to viewing the stimuli; this was done to
avoid training effects in presentation of the stimuli. Order effects
were controlled by counterbalancing presentation of blocks of
signs, f ingerspelling, and sentences, and, within those blocks,
by counterbalancing various features of the stimuli, as described
above.
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All conditions
(n = 120)

Videotape Control
In = 24)

Processed

30 fps
(n = 24)

10 fps
In = 24)

7.5 fps
In = 24)

6 fps
In = 24)

Percent
Correct

loo

811

60

40

20

1

Table 1

Mean correct responses
(Relative Frequencies)

Signs Fingerspelling Sentences Questions
(30 items) (60 items) (6 items) (6 items)

94.64% 68.60% 71.67% 77.64%

98.33% 85.35% 82.64% 95.14%

95.28% 75.42% 76.39% 80.55%

94.72% 69.10% 72.92% 77.78%

93.61% 61.11% 67.36% 72.22%

91.25% 52.01% 59.03% 62.50%

Fi qure 1
Fi ngerspe ll ing

Slow speed, mew ing(ul items only (15 items)

Slow speed Fingerspelling (31 items)
... .......................................................................................................... ...............................

............................... ............................... .......................................... ...............................
Part ,apcel Bngcrslxaling (29 items)

Vid eo ta pe 30 10 7.5 6 5

Cuntrol Frames per Second
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Each subject viewed each stimulus and repeated (signed) what
he or she saw. Guessing was encouraged and subjects were
also encouraged to respond with real signs rather than
approximations of signs. In the case of the questions, subjects
answered the questions rather than repeating them. The
experimenter then recorded either a code indicating correct
response or the English gloss of the
sign /fingerspelling /sentence, if the response was incorrect. All
responses were videotaped. The videotapes were used for
double- checking the responses against the data file.

RESULTS

Analysis of variance revealed no effect of presentation order of
the blocks of stimuli (signs, fingerspelling, sentences /questions)
on the number of correct responses [F(5, 23) = 1.308, p =
.193]. The effect of frame rate, however, was statistically
significant for all categories of stimuli [e.g., for signs, F(4, 23) _
16.630, p < .001; for f ingerspelling, F(4, 23) = 34.109, p <
.001)].

Mean percentages correct (see Table 1) indicate a degradation
of intelligibility as fewer frames per second are presented.
Intelligibility of stimuli was highest for individual signs and lowest
for fingerspelling. Signs were more than 90% intelligible even at
six frames per second.

Even in the control condition, fingerspelled stimuli proved to be
less intelligible, perhaps because of the differing speeds and the
inclusion of nonsense sequences. (It should be noted that the
scoring of fingerspelling was rather strict; even if all letters were
present in the response but the order was wrong, the response
was scored as wrong.) However, meaningful words spelled at a
slow speed (100 characters per minute) proved even more
intelligible than signs (see Figure 1). Regardless of speed or
meaningfulness, the fingerspelled sequences dropped off
sharply in intelligibility at 7.5 frames per second. The difference
in intelligibility between 30 frames per second and ten frames
per second was small and probably insignificant for practical
purposes.

Of interest are the dif ferences between the videotape control
condition and the processed condition at 30 fps, as these two
conditions dif fer in spatial resolution but not in frame rate. For
individual signs, the difference in intelligibility is quite small,
roughly 3% on average. For answering questions, which
depends on the ability to comprehend the content of two
sentences (including the question), the difference between the
control condition and the processed condition at 30 fps was
nearly 15 %. In the control condition, Subjects scored better on
the questions than on the sentence - repetitions, presumably
because of redundancy in the language (with questions
providing clues to signs that were missed during the sentence -
repetition.) In the processed condition, the improvement was
not as great.

DISCUSSION AND CONCLUSIONS

The findings indicate that ten frames cer second may be an
optimum rate; more than ten frames per second yielded greatly
diminished returns. Fewer than ten per second had a marked
negative effect on intelligibility, for stimuli that were executed
rapidly (near normal levels of speed). Of course, if one signs
and f ingerspells very slowly, these rates could be
accommodated, but it is unlikely that ongoing 'slow motion'
signing would be acceptable to users.

The spatial resolution, considered alone, had the greatest
negative effect on the intelligibility of fingerspelling at moderately
fast speed, and on the questions.

Additional analyses will be done to determine the effects, if any,
of intelligibility of signs with which lip movement was done; of
individual signers; and of robustness or fragility of signs.

The next round of system development will involve
improvements to the spatial resolution, if  possible, and the
development of a system operating in real -time.

The next round of experiments with users will involve
observation of dyads using a real -time system. These studies
will provide insight into the amount of accommodation users
are willing to make to use such a system, the reaction of users
to the aesthetics of the system, and the degree to which
conversations can be sustained.
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ASCII -based TDD Products:
Features and Compatibility

N. S. Williams, C. J. Jensema, Ph.D., and J. E. Harkins, Ph.D.
Technology Assessment Program

Gallaudet University

INTRODUCTION

Deaf people communicate by telephone primarily through the use of
Telecommunication Devices for the Deaf (TDD). TDDs are the
electronic generation of devices that evolved from old teletype
machines (TTY) which transmit signals through the telephone network
by means of acoustic couplers. These older TTYs and newer TDDs use
Baudot, a five -level code that is Incompatible with the standard code
used by computers.

The limitations of Baudot as used in the TDD network include (1)
operation in true half - duplex, making it impossible to Interrupt the
other party In a conversation; (2) Incompatibility with ASCII, a feature
which severely limits the number of terminals with which the TOO can
communicate; and (3) slow speed (45.45 baud) which limits
transmission to roughly 80 words per minute.

Beginning in the late 1970s, manufacturers began to introduce ASCII
into TDDs. Since that time, many models of TOO have offered ASCII
as an option. In the 1980s, companies began to introduce translation
modems that allowed personal computers to perform as sophisticated
TODs on both Baudot and ASCII calls. With such products, a computer
user can exploit the many features of the computer (e.g., large screen,
color graphics, time and date stamps, capacity for large directories)
while communicating with users of Baudot.

Today approximately a dozen TOO products offer ASCII. Still, few deaf
people use ASCII for telephone conversation. The overwhelming
majority of calls are still transacted in Baudot.

There are many valid reasons for this continued dedication to Baudot.
The complexity of ASCII communication protocols is baffling to many
computer users, whether hearing or deaf. In addition, the person
receiving a call cannot hear the incoming signal and therefore has no
way of knowing whether the caller is using ASCII or Baudot. Some
devices detect the incoming code (which the deaf TOO user cannot
hear) and automatically adjust the communication protocol to that of
the calling device; but some do not offer auto - detect.

Still another problem is that many devices require the caller to know
the communication protocol (such as number of bits, parity, and stop
bits) used by the called party, and to set up for that protocol before
placing the call. A hearing person may solve this problem by placing a
voice call to the other user and discussing the communication
protocols to be used, but for deaf people this is not an option.

Many modems are set to disconnect if there is an interruption in the
carrier tone. This feature is inappropriate for using the computer as a
TOD, because interruptions to the line are commonplace (a call is
transferred, a hearing family member picks up the extension phone,
etc.).

To understand the problems associated with ASCII use, one must first
view the computer in this context as a simple telephone, not as a
sophisticated data- sending machine. If the most routine requirements
of telephone conversations are not met by the computer, then it will
not be used by deaf people for that purpose.

Needed are a better understanding of the products available to deaf
people, the callers' requirements, and, perhaps, standards for
communication protocols used in these products.

The objectives of this study were to determine the compatibility among
the various ASCII -TDD devices on the market, to compare features of
these devices, and to recommend to manufacturers steps that might
be taken to simplify ASCII -based TDD communication.

METHOD

The investigators acquired copies of 11 ASCII -based products offered
by seven manufacturers. The devices included stand -alone TDDs with
ASCII features (Ultratec Supercom and Superprint 400, [Gown PV -20+
and MP -20A, and AT &T 1310 Plus); internal translation modems (Visu-
Tek MIC3001, IBM PhoneCommunicator); external translation modems
(Known SM-85, Phone TTY CM4, and Ultratec Intelemodem); and a
Hayes modem.

4.2

Two residential telephone lines were acquired for placing and receiving
calls in the evaluation, to avoid the possible Intervention of signalling
protocols within the university's PBX. Calls were placed among all
possible combinations of devices, with one exception: Calls were not
made between two identical devices, because we did not have two
copies of each device.

Where the direct - connect feature (connection through modular jack)
was present, it was used for the call; acoustic couplers were used only
in the absence of direct - connect. Calls were placed In ASCII,using the
default protocol of the device. If the device required manual setting of
ASCII (turning it on), then that was done. If the device had auto
switching between Baudot and ASCII, then manual switching was not
done unless the auto switching failed.

A call was considered successful if these conditions were met:

The two devices connected in ASCII. (If both switched to
Baudot, the call was counted as a failure for purposes of this
study.)

Both parties could see their own typing and the typing of the
other party

For devices with full screens, the linefeed /carriage return
functioned adequately

In addition to the compatibility check, an inventory was taken of
features relevant to ASCII communication for the ten devices that are
specialty products for deaf people.

RESULTS

Compatibility check

One of the key points of interest of this study was the extent to which
deaf people could successfully make calls to other TDD products,
using ASCII, without having to reset parameters from the default
setting.

Each device was used to call every device except itself, giving a total
of 11 x 10 = 110 calls. Since the ability of a device to handle outgoing
calls was considered separately, we effectively evaluated 110 outgoing
call situations and 110 incoming call situations.

Of the 110 outgoing calls, 77 (70 %) were unsuccessful when both
devices were in their respective default settings. In other words, the
calling party would experience either (1) automatic switching to
Baudot, (2) failure to establish a connection or (3) problems such as
garbling, linefeed /carriage return problems, or inability to see the
caller's own typing - -if the caller simply turned on the device and called
(which of course is possible when all devices are using Baudot).

Of the 110 incoming calls, 81 (74 %) were unsuccessful when both
devices were in their respective default settings. In 74% of the calls, the
receiving party would experience automatic switching to Baudot, failure
to connect or some garbling or other transmission problem.

The calling party has no way of knowing whether the receiving party is
having problems with transmission. When each call is considered as
one unit, then the number of successful calls (as defined here) is much
smaller: Only 13% of the 110 calls were successful on both ends,
when both devices were in their respective default settings.

It is Important to note that many of the 'failed" calls were in fact
functionally successful, In that Baudot was invoked and used during
the call. This happened frequently when both devices had automatic
set -up /detection for incoming and /or outgoing calls.

However, with devices that had only a manual switch for ASCII, the
default settings were not very helpful. There were 14 possible calls
from devices with only manual switching for outgoing calls to other
devices with only manual switching for incoming calls. When the ASCII
feature was turned on in the default protocol and the calls were placed,
all 14 calls failed. Because there is no automatic switching, these
failures do not Include switches to Baudot.
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There were 18 possible calls among devices with the automatic
detection for outgoing calls and /or automatic detection for Incoming
calls. For these calls, the procedure was simply to leave the device In
the auto condition. Results were: 3 successful connections in ASCII, 2
switches to Baudot, and 13 failures.

it is very important to note that all devices were able to communicate In
ASCII with all other devices once the parameters were re-set so as to be
compatible. This re- setting requires extensive knowledge of the other
device and —for the seven devices that do not automatically switch
between Baudot and ASCII on outgoing calls —also requires that the
user be certain that the call will be answered In ASCII (rather than
Baudot).

Features Inventory

Of the 11 devices In this study, 10 were designed specifically for use
by deaf people. Figure 1 and Figure 2 present the features of the ten
devices examined. Only three automatically switch between Baudot
and ASCII on outgoing calls. Eight of the models examined had
automatic switching for incoming calls. In order for two devices to
successfully communicate in ASCII without user involvement, both
must have automatic switching both for outgoing and incoming calls.
In other words, devices that switch between Baudot and ASCII for
Incoming calls will end up communicating In Baudot unless the calling
device has automatic switching for outgoing calls.

Of the ten products for deaf people, only four offered touch -tone
dialing; the rest were either pulse dialing or no option (acoustic
coupling only). Although this is usually no major inconvenience,
sometimes pulse dialing can trigger flashing signal systems, which can
confuse people other than the caller.

Only one device —the IBM PhoneCommunicator -- offers 1200 baud at
this time (although a number of manufacturers are promising 1200 and
2400 baud in the future). For telephone conversations, 300 baud is
adequate, and even offers some advantages over higher speeds
because it permits acoustic coupling without significant disturbance
(acoustic coupling Is the only available option when using pay phones,
for example). But for contacting many bulletin board systems and
other information networks, 1200 or higher baud is necessary.

The number of features offered and the technical nature of many of
these features make It clear that purchasing such equipment is a
difficult consumer decision, One result is that few deaf people even
try. Anecdotal reports from manufacturers and distributors indicate
that there is little demand for ASCII among deaf TDD users.

CONCLUSIONS AND FOLLOW -UP

The compatibility studv revealed that. althouoh all devices on the
market could successfully connect after the user had properly adjusted
the device away from the default setting, the default protocols used in
these devices rarely allowed connection In ASCII with other types of
devices on the first call. Thus, use of ASCII requires patience, an
understanding of the implications of the various dimensions of the
communications protocol, and willingness to tolerate failed calls.

Again, in evaluating these results, it is important to view computer
modems and protocols in this context as telephones, not as data
transmission devices. Hearing people do not tolerate failed calls
easily; imagine the frustration of being able to complete only 13% of
voice calls as desired because the telephone was not appropriately set
up.

These problems need to be solved before deaf people will be willing to
use ASCII for conversing. There are several possible partial solutions
to these problems.

Standards for ASCII protocol as used In TDDs

One partial solution is to have all manufacturers agree to certain
standards in communication protocol. The goal should be to allow
deaf people to complete calls with as wide an array of devices as
possible, without requiring knowledge of data communications and
without the need to do manual switching. If one protocol can reach all
ASCII TDDs as well as Hayes modems and bulletin board systems,
then deaf people might venture Into using ASCII more often and begin
to realize its benefits.

To take a step in this direction, the manufacturers of these devices
were asked by the researchers to meet and discuss the Issue of
compatibility and ease of use among the ASCII -based TDD products.
Four of the six manufacturers whose products were evaluated attended
a discussion meeting held during the convention of the National
Association of the Deaf; the two remaining manufacturers subsequently
expressed interest in attending future meetings. A second meeting will
be held in June, 1991 during the convention of Telecommunications
for the Deaf, Inc. it Is our hope that, by suggesting a standard for TDD
communication, we may, at modest cost to manufacturers, overcome
some of the barriers associated with ASCII use and realize some of Its
benefits for communication.

Preliminary discussions Indicate that manufacturers are considering
Gallaudet's proposal that default settings In TDD /ASCII products would
be half duplex, eight bits with the eighth bit stripped, no parity, one
stop bit (B -N-1), which is the same as seven bits, space parity, one
stop bit (7 -S-1). This change may permit deaf users the needed
flexibility to use their devices to call a variety of types of ASCII TDDs as
well as bulletin board systems and Hayes modems.

Standards for "regular" computer modems

If Baudot were included in all computer modems, then standard
modems could be used by deaf people, with software enabling the
user easily to handshake with other devices Including TDDs. If
manufacturers begin to realize the potential market force for disability-
related products as a result of the Americans with Disabilities Act,
perhaps we will see some movement in this direction.

Gateway services that provide protocol conversion.

Another possibility would be to include the Intelligence necessary for
protocol conversion within the telephone network and offer It as part of
dual -party relay service. The functional aspect of the system would
work as follows: A deaf caller using either ASCII or Baudot, In any of
the possible communication settings available in TDD products, would
call a particular number (the gateway), where a computer would
answer and establish communication. The computer would ask for the
number to be called; the deaf person would give the number and the
system would dial the number. The system would then successfully
connect with the dialed number's terminal, whether it might
communicate in ASCII or Baudot. Then the deaf person and the
person being called could chat, using the gateway. A relay operator
would not, be necessary, meaning that privacy would be preserved and
costs would be reduced. This type of arrangement would, for the first
time, effectively link the millions of hearing computer users with the
deaf community.
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ABSTRACT

A system for transcribing Swedish text at the rate of
normal speech to persons with acquired deafness has been
developed. One part of the project was an evaluation of
liquid crystal display panels for presentation of the text.
16 different products were tested. Several of them pro-
vided an acceptable projection if the overhead projector,
the screen and the room illumination permitted.

BACKGROUND

The problem of providing real -time transcriptions of
speech In meetings, conventions, etc to persons with
acquired (total) deafness has been addressed in several
countries by the use of chord keyboard systems and
specia lly trained operators (5,6). In Anglo -Saxon
countries, traditional phonetic keyboards, originaily used
in court reporting, have been employed for this purpose.

After a study of existing systems, it was decided to use the
Dutch keyboard Velotype, which is orthographically
based. A version for the Swedish language was developed
and operators were trained. Transcription services at the
rate of speech are now provided as part of the assistive
devices service delivery system in Sweden. The project has
been reported in Swedish (3). For a report in English
with detailed descriptions of different chord keyboards and
the reasons for the choice of Velotype, see (2).

One question remained: which is the best way to present
the text in different situations? Computer monitors give
an acceptable picture but can only be used with small
groups of readers. One low -cost 3- color LCD projector
was tested with fair results but was not judged cost -
effective for display of text. Video projectors for home
use give too low quality in re la tion to their cost.
Professional video projectors are available for projecting
computer graphics with very good quality at a very high
cost A better option seemed to be computer liquid crystal
display (LCD) panels, used with overhead projectors, as
recommended in (4).

However, more information on existing products and the
quality of their output was needed. Thus, a study and
evaluation of different computer LCD panels was carried
out. It has previously been reported in Swedish (1).

LCD panels, also known as computer projectors, data
displays, flat screen overheads, electronic imaging
systems, etc., are flat, transparent screens containing
liquid crystal cells. They are designed to be placed on an
overhead projector to display the output from a computer
on a screen to a large audience.

The type of graphics standard used in the computer
determines the possible choice of LCD panel. Some
panels need special accessories (cables) to handle several
graphics standards.

EVALUATION

At the end of 1989, about 30 panels were available on the
Swedish market. Some were the same model under
different brand names. Sixteen different products were
selected for evaluation. For the final evaluation, three
overhead projectors of different quality and different types
of projection screens in varied light conditions were used.

The computer used was a Victor V286A with IBM
original CGA, Victor Hercules  compatible, EGA
compatible and VGA compatible graphics cards, one card
at a time being used in the computer.

The software used was Microsoft Windows and the
specially created program included a black screen, a white
screen, a white rectangle with a black frame and patterns
for contrast evaluation. Using Windows Write and
Helvetica font, text demonstration screens with small and
large text size were used. With the largest size the screen
held nine lines of text. Grey scale and color scale were
also evaluated.

The light reflected from the screen was measured at the
center and the comer.

Text and graphics displayed were judged by human
subjects.

Special requirements of the text- to-speech application were
considered: text display is more important than graphs and
continuous use for several hours is required_

RESULTS

The overall result was that the best combinations of LCD
panel and overhead projector, such as  the  Elmo
monochrome LCD panel used with Elmo or Liesegang
overhead projectors, gave a very good text display.

However, the characteristics of the overhead projector are
crucial. It is difficult to obtain sufficient light flow: the
LCD panel absorbs at least 50% of the projector light.
The projector tamp must be at least 250 W. 400 W is
preferred, if cooling is efficient. The projector should not
heat the display to more than 4590. The optics should
have three or four lenses, of good quality.
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Evaluation of LCD Panels

The projection s creen and the ro om illuminatio n are also
imp o rtant fo r o b taining maximal c o ntras t .  I t  mus t b e
p o s s ib le to  t ilt  t he s c r een s o  the d is tanc es  fro m the
pro jec tor to  all four co mers o f the screen are equal. No
lig ht  f ro m th e ro o m il lu mina tio n  s ho u ld  f all o n  t he
screen,  or the contrast will be induced considerably. The
reflec tio n p ro p erties  o f t he s c reen s ho uld  b e c ho s en
acc ording to the width of the viewer area,  not too  wid e,

not too narrow.

Computer p ro jec to rs  capable o f handling many different
grap hic s  s tand ards  p ro ved to  p ro duc e a lower d is play
quality. VGA co mp atib le d is plays ab so rb ed  more light
than did the black- and -white Elmo  EGA d is play or the
b lue /white No rwegiean AS K Herc ules  d is p lay,  o ften
nec es s itat ing the us e o f high - q uality 40OW overhead
projectors.

Of the tested VGA compatible displays, In Focus Systems
(PC Viewer) 480 OS showed good results.

Among the EGA co mp atib le d is plays,  Kod ak Datas ho w
HR was easy to  handle and gave a go od picture, although
it was not quite as transparent as some others.

False -cola displays were judged inferior for the display of
text, due to greater fight absorbtion and lower contrast.

Some of the evaluated p rod ucts  had  a remo te c ontrol. It
was not cons idered to b e a necessary ac cess ory for the
display of text only.

AC KN O W L E D G E ME NT S

This  p ro ject  was  s upp orted by the S wed is h Ministry o f
Health and So cial Affairs. The Do pp ing repo rt  (2) was
also supported by Swedish Telecom.
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4.4 THE IMPORTANCE OF USER INTERFACE AND INTERACTION DESIGN

Linda W.Y. Chan
Royal College of Art

Department of Computer Related Design
Kensington Gore, London, United Kingdom

Abstract

With the current advances in modern technology,

more and more assistive devices are being

produced. Many are of complex mechanical and

software design. Yet, it is important that they are

user - friendly and require minimum effort from the

user to obtain the maximum performance from the

device. At the Department of Computer Related

Design, we concentrate on the design of user

interfaces and human machine interaction which is

the dominant factor for usability. This paper decribes

the design process of the user interface and

interaction for a wrist -worn alerting device for deaf

people.

Bac kg round

(Project Brief)

Select a person with a task or a prob lem that could

be helped or solved by the use of a small hand -held

computerised device. I t is important that a real

person is involved rather than an imaginary one, so

he/she can provide a task or a problem and try out

the solution when it  has been designed.

Statement of the Problem

C.M. is a 41- year -old female who was deafened at

an early age. She lives alone in a house and is

employed by the Department of Education and

Science as a midd le manager. With the remaining 5-

10% of hearing in one ear, her lipreading is assisted

by a powerful  hearing aid.

However, her f lashing light sys tem which is

connected to the te lephone (Qwerty) and the

doorbe ll only works when the  lights are  turned on;

this creates a problem as C.M. often forgets to turn

her lights  on especially during the day.

At work, C.M. shares  an of f ice with a colleague and

they both have their own telephones. She can hear

the ringing of the telephones, but cannot distinguish

between the two. So, before she gets
a

f lashing

visual indicator for her telephone at work, this is what

she has to do when she hears a telephone ringing

and her colleague is not in the off ice: First, she picks

up her telephone to see whether there is any

response on the screen, if  not she will have to

scramble round to try to answer the other telephone.

C.M. suggests that she would like to have a device

which she could carry around with her and gives her

a signal when the telephone rings or when someone

is ringing the doorbell.

Approach

A review of existing devices was conducted in line

with C.M.'s suggestion.

The major systems surveyed employ dif ferent

patterns of either vibrations or f lashing lights to alert

the user of signals received from different sources,

such as a doorbell, telephone, smoke detector,

security alarm, etc. The non - portable mains systems

use household lighting appliances to deliver the

signals whereas the portable ones have belt -worn or

wrist -worn vibrating receivers which can be worn on

a belt or put into the user's pocket.

The main d isadvantages of these systems  are that

they rely on the users memory to dif ferentiate the

patterns of signals from the various sound sensors.

The belt -worn receiver of the Silent Call system has a

clearer visual interface with a series of LEDs on the

receiver box, enhanced by printed icons and text.

However, a belt -worn receiver may not be as

convenient as a wrist -worn one and this particular

system is limited to four different sensors : sound,

telephone, doorbell and smoke detector.

The design solution to this particular problem is to

have a conventional looking wrist watch with an LCD

face. This would allow the system to be portable,

flexible, compact and stylish.
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User Interface and Interaction Design

Solution and Implications

when a sound  based signal is received, the watch

will vibrate to alert the user. The interface of this

device is designed to provide a clear indication of the

subject and direction of the sound source by using

simple icons generated on the LCD. The use of an

LCD means that the number of icons is only limited

by the available memory of the processor.

The standard icons

The following f igures show examples of alerting

icons which f lash when operating. The position of the

user is represented by the centre of the watch face

and the 12 o'clock position indicates the forward

direction of the user.

D iscuss ion

This device provides a pictorial user interface which

transcends language barriers and requires no

training. I t therefore requires the minimum of thought

to interpret a signal.

The design of an interface should always take into

account the ability and needs of the user; and the

interaction should be designed from the user's

perspective.

Further work

This will involve prototyping the device described in

this paper and developing a computerised braille

learning tool for children with visual disabilities. This

project will concentrate more on the human machine

interaction aspect.

Fig.1 - Normal watch Fig.2 - A man's voice
from the left

Fig.3 - A woman's voice
from the front

Fig.5 - A doorbell from
the back right

Fig.6 - A telephone from Fig.7 - The smoke detector
the front left or the FIRE ALARM!

Fig.4 - A child's voice
from the right
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5.1 VOICE AND HEAD POINTER OPERATED ELECTRONICS
COMPUTER ASSISTED DESIGN WORKSTATIONS FOR INDIVIDUALS

WITH SEVERE UPPER EXTREMITY IMPAIRMENTS

Jeff K. Burnett, Charles R, Klabunde, Catherine W. Britell
Washington State University, The Boeing Company,

and Seattle VA Medical Center

ABSTRACT
Individuals with severe
limitations of upper extremity
function have historically been
denied access to the design
disciplines. A consortium of
individuals from corporate,
government, and academic
institutions has successfully
developed a voice and head -
pointer controlled keyboard and
mouse control system to allow
full and effective control over
the CAD (computer assisted
design) environment, using
verbal commands plus controlled
head pointing. This sy s t em is
being successfully applied in
the vocational training
environment and the job setting
for electronics computer
assisted design.

INTRODUCTION

The area of electronics computer
assisted design (EGAD) is an
active and growing field f o r
both technical and professional
workers. A successful
vocational and pre - professional
program in ECAD has been
developed at the Resource Center
for the Handicapped, a
vocational training institution
for individuals with
disabilities. The challenge of
opening this program to
individuals with severe upper
extremity impairments has been
addressed by a consortium of
engineers, educators, and
clinicians from private and
public sectors, with resultant
development of a voice and head -
pointer operated system which
affords efficient and effective
interfacing to the hardware and
control of the software
applications necessary t o
successfully function in this
area.

SYSTEM DESCRIPTION

The ECAD training program i s
centered on an industry standard
UNIX based graphics workstation,

which supports multiple
simultaneous processes, high
speed, high resolution graphics,
along with networking. The
workstations used are connected
to an Apollo DS3550 file server
via a high speed network.
Software tools include:
Schematic capture,
documentation, simulation,
timing analysis, logic
synthesis, PLD syntheses,
Picture editor, table
generation, analog and digital
circuit simulation, and
libraries. Physical model
software tools include: 3D
design, surface generation,
thermal analysis, BCB and IC
layout. For the user with
severe upper extremity
impairment, the UNIX ECAD
environment is accessed via a
standard graphical user
interface (GUI), from a
Microsoft Windows 3.0 based IBM
or work -alike computer through
the X- Windows GUI standard link.
The UNIX -based CAD host computer
does not sense that the user's
workstation is different from
any standard X- Windows terminal,
yet all input may be made by
voice and head pointing on a DOS
PC.

The speech recognition keyboard
recognizes each word or
utterance as a keystroke or
series of keystrokes based on an
edited vocabulary. Speech
recognition hardware may be
chosen on the basis of need for
active vocabulary size and ease
of training. In the ECAD
context used here (electronics
computer aided design command
syntax), only small vocabularies
are required, along with
concatenated word utterances
used to speed numeric input;
therefore a simple and
inexpensive voice module was
chosen.

Telephone use and message
recording and playback
capabilities are part of the
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CAD Work Station

system. These permit the user
to be interrupted by a telephone
call while doing a speech -
controlled task. With two
words, the user may answer the
phone, while the application
remains frozen, and the speech
recognizer listens only for the
"hang up" work and its
confirmation. Once the phone
call is terminated, the user
automatically resumes the
application with the recognizes
listening for the application
vocabulary. An outgoing
telephone or intercom call can
be made using a phone manager
software package, which has a
"rolodex" of pre - stored numbers
and names. A call may be
directed by verbal name or
number. When the user is away
from the workstation, the PC and
phone manager software may
function as a telephone
answering machine.

Controlling a keyboard verbally
is only one part of efficient
operation of a CAD workstation.
Pointing and picking is another
Most physically able CAD
operators use a mouse, tablet,
trackball, joystick or other
pointing device. These
workstations employ an active
(wired) or passive optical
target (for wireless, attendant
free) head pointing device. The
equivalent to mouse buttons may
be verbal (for either the wired
or passive target) or "sip and
puff" (for wired only).

CONCLUSION

This system allows a person with
little or no upper extremity
function to be highly productive
in a state -of- the -art technical
or professional design
environment, without compromise
of capability or power by the
user's special input needs. The
result is that the user with a
severe disability will be
capable of competitive quality
and quantity of work in a field
where demand for qualified
workers is high and compensation
is excellent.

Support:

U.S. Department of 9ducation
Grant # H128AO1001
The Boeing company
Mentor Graphics
Microsoft
Digital Equipment Corporation
Hewlett Packard
U.S. Department of Veterans
Affairs
Resource Center for the
Handicapped
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Jeff Burnett
School of Architecture
Washington State University
Pullman, WA 99164 -2220
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5 . 2 EM G  AC T I V AT E D  S WI T C H FO R C O NT RO L  O F  CO M P UT E R FUNC T I O NS  B Y  P E RS O NS

WI T H Q UADRI P LE G I A

David K. Evans and  Andrew Schoenberg
Physical Medicine and Rehabilitation Division

University of Utah Medical Center
Salt Lake City, UT

AB S T R AC T

A switch ac tivated by elec tromyographic  (EMG) s ignals
was deve loped to al low a person with C -2 to C -3
quadriplegia to control drawing and  writing functions  of a
computer. The device is equipped with a light- emitting
diode bar -graph which provides a visual feedback of the
level of a processed EMG signal. The same bar -graph is
used  to  ad jus t the  thresho ld  se tt ing  f o r ac t ivating  the
re lay switch: The  switch is  used  in conjunction with a
mouth - contro lled  joys t ick. The EMG is  reco rded  with
three surface e lectrodes that are  mounted  into the head
band of a baseball cap or a f lexible foam pad that can be
attached  to any muscle showing detectable EMG ac tivity.
A $17 integrated- circuit dif ferential preamplif ier, built into
the  e lec trode  pad , minimizes no ise. This system is
being  used  successf ully by a quadrip legic eng ineer f or
computer aided  des ign.

B A C K G R O U N D

Persons with high level spinal cord injury (C -2, C -3) often
have ve ry l imited head  movement. They generally have
to re ly on a sip - and -puff switch with some type of
scanni ng sys tem f o r whee lchair, environment and
computer contro l.

Scanning sys tems  f or computer access  are  l imiting  the
use  o f  many p rog rams  used  in the  work environment.
Computer aided design (CAD), desk -top publishing, and
vari ous pro f es s ional too ls fo r management and
preparat ion o f  p resentat ions , inc reas ingly require the
use of a "mouse" or a device for controlling the cursor on
the compute r sc reen. The  user - f riendly approach o f
"po int,  d rag  and  c l ick " , made  popular by the  App le
Mac intosh© computer, is  rap id ly sp read ing  to  the  I BM
compatible computer world. Hence, making  the "mouse "
f unc t ions  avai l ab le  to  p e rsons  wi th on ly s l ight head
movement can signif icantly increase  the ir ab il ity to  use
computers for a full range of functions.

S T A T E M E N T O F  T HE PR O BL E M

The p rob lem addressed  in this  paper concerns those
quadr ip leg ics  that have no percep tib le  hand or arm
movement, and  have ve ry l imited head movement. I f  the
person c an ho ld up his /her head and ro tate it
approximate ly 30  degrees in the side -to -side  and up -
do wn d irec t ions , ul trasonic [2] and op tical head

movement sensors are avai lable ( Prentke- RomichTM
and Pointer SystemsTM ). These systems come with a sip -
and  -puf f  switch and  so f tware  to  al low text entry and
appl ication independent cursor control.  These solutions
are appropriate where  the  head movement is  suf f icient
and funding  in the range of  $1000  is avai lable. W here
head movement is res tr icted  to less  than about 15
degrees, o r only tongue  movement is  availab le , a joy

stick may be a func tional alternative. Joysticks fo r game
ports or with adaptors to the mouse port are commercially
avai lab le  at a re lat ive ly low cost ($50- $100). These
sys tems require the  abil ity to s imultaneously operate  a
joystick and switch. This requires (1) the ability to activate
a switch rap id ly once or twi ce  whi le maintaining a
constant position of the joystick and (2) the ability to hold
the switch on while moving the  joys t ick. This last
operation, called  "cl ick and drag  " , is  also required  f or
selec ting many of the p rogram's control functions which
are activated by pull -down menus.

RAT I O NAL E

Our initial approach to the  switch problem was to use  a
mechanical eye brow switch, or a piezoelectric sensor to
sense  sl ight eyebrow movement. These p roved to be
unrel iab le . The  position of the switch would have to be
ad jus ted f requently by ano the r pe rson. The  "c lick and
drag" function in part icular was dif f icult f or our subjects.
A tube for a sip- and -puff switch mounted on the joystick
was  also  unsatis fac to ry. We, the ref ore, looked into the
possibility of detecting the muscle activity by sensing the
EMG (ElectroMyoGram) and using the level of this signal
to c lose a relay. This paper describes the  development
and testing of such an EMG switch.

The ability to move  the cursor on the screen and close a
switch at a selected  pos ition also p rovides a means for
text  en try  f o r  those  unab le  to access  a mechanical
keyboard. The equivalent of keyboard operation can be
achieved by keyboard displayed on the computer's
screen. By pointing to a le tte r on the screen using the
"mouse ", the user can then emulate the keyboard
function by activating  the " mouse" switch.

A public domain program for emulating the keyboard on
an Apple Macintosh@ has been reported p reviously [1].
Several similar programs are  now commercially available
(McIntyre Co. Michigan -Word WriterTm; Prentke Romich -
Head MasterTM, Ohio; and Pointer Systems - Freewheel
Head PointerTM, Burlington VT).

DE S I G N

The  complete  system f or computer access  is  shown In
f igure 1. It inco rporates  the EMG switch device, a
miniaturized  joyst ick mounted  on a r igid  tr ipod , and  a
commerc ial ly avai lab le interf ace which adap ts  the
potentiometer resis tance changes of the joys tick to the
s tandard mouse port o f  the Mac intosh@ compute r
(Mirage ADSTM Interface CH products, CA).
The  part of the EMG switch connected  to the operato r,
cons ists o f three e lec trodes mounted in the head band
of a baseball cap or mounted  in a f lexible  foam pad for
attac hment to ano the r part of the body that has
de tec tab le  EMG s ignals . S ince  the  EMG vo ltages  are
typ ical ly ve ry small ( 100  to  500  pV ) high gain with
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E MG  A c t i v a t e d C o m p ut e r  S wi t c h

M o n i t o r

M a c i n t o s h
ADB p o r t

Mi rage —
I n t e r f a c e

EMG mouse
swi t c h b o x

A r m m o u nt
M i n i a t u r e e l e c t r o d e s 42917

j o y s t i c k w i t h pre�—amp

B a s e b a l l c ap

w i t h e l e c t r o d e s
m o u n t e d on t he
he ad b and

F i g u r e 1. C o m p ut e r  s ys t e m sho wi ng e l e m ent s
ne e d e d  f o r  E MG  s wi t c h  a nd  j o ys t i c k  o p e r a t i o n .

minimal noise pickup is required. This  was achieved  by
mounting an integrated- circuit, dif ferential preamplif ier
(Analog DevicesTM AD624) d irect ly on the e lectrode
assembly. The  $17  dual in - l ine package  requires  no
exte rnal components and is simply jumpered f or a gain
of  200 . A flexible four - strand cab le connects the
electrode assembly to the EMG switch box.

EMG Switch Box
The circuit design o f  the  EMG switch box is shown in
f igure 2. The preampli f ied  EMG signal enters the f irst
stage o f amp lific atio n whic h has  an externally ad jus tab le
ga in . T he n e x t  s t a g e is  a  s in g le -s id ed o p er at io na l
amplifier and filter. This s tage half -wave rectifies  the EMG
s ignal and  b and  - p as s es  s igna ls  fro m 20 Hz to  2 00 Hz.
This  f i l tering el iminates D.C. components  and high
frequency noise. The next stage integrates the rectif ied
b ut hig hly fluc tu at in g s ig na l, p ro d u c ing a n almo s t
cons tant vo ltage level p roport ional to the EMG
amp lit ud e . T h is  v o lt a g e  is  c o mp a r e d  t o  a  c o n s t a n t
re fe rence vo ltage. The  ref erence  voltage  is exte rnal ly
ad justab le . W hen the  p rocessed  EMG signal exceeds
the referenc e value,  the relay s witc h is  c lo s ed ,  activating
the "mouse" button.

EMG disolay
An important design feature of the EMG switch box is a

visual d isplay of  the processed  EMG signal leve l. This
display is implemented as  a 10  e lement l ight- emitting
diode bar graph. This d isplay is also used in setting the
reference vo ltage fo r the c o mp arato r.

VA RIABLE A MPLIFIER FILTER (GA IN-20) VOLTAGE

PPE -A MPLIFIER I Ma I- , leper
000 3pF FOLLOWER DC OFFSET

x.xMO •Sv
4 7 kD

ref xa. 4-� aNk 35 kD '1 0
IuF i a l O  l u ` i 3 12 MO

pot

LOW PASS INTEGRATOR COMPARATOR RELAY SWITCH

(JW D-  10 7 - t)
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s l kn I ~ A,CTIVAFES
O. z u F . 1 tvR MOUSE DUTTON

Mn s

r 1 IF1 1 1 1 1 LEVEL EEr- _BJIR ORA PII DISPU

SIGNAL LEVEL

F i g u r e 2- C i r c u i t d i ag r am of EMG s wi t c h bo x
s h o w i n g a m p l i f i c a t i o n  a n d  f i l t e r i n g  s t a g e s  w i t h
the  c o m p ar a t o r  f o r  s w i t c h ac t i va t i o n .

D E V E L O P M E N T

The  design ryas  implemented  by the f irst author fo r his
senior electrical engineering project over a 1 year period.
The  des ign evo lved over several i te rat ions. The  f i rs t
version used  the  computers power supply and  had  the
dif f erential  p reamplif ie r located  in the switch box. The
p r es en t ve rs io n us es  a n AC  a d a p t o r  whic h  s up p lie s 1 2
volts and the di f fe rential preampli f ie r is  mounted  on the
electrode assembly attached to the user. This eliminated
mos t of  the  no ise  p rob lems  encountered  in the  early
ve rs ions . I ni tial ly, p rege lled  pediatric ECG e lectrodes
were used f o r inte rf ac ing to the skin. The most
convenient and re l iab le signals were ob tained by
conduc tive adhes ives inte rf aced to conventional
clothing snaps.

The  p resent ve rs ion o f  the  EMG switch uses  read i ly
avai lable  e lectronic  components whose  cos t does no t
exceed  $90 .The  labor cos ts  are  higher at this  s tage
since the circuit is hand wired. A printed circuit version is
being considered.

EV A L UAT I O N BY Q UA D R I P L E G I C

T he  s ys te m is  b e in g e va lu at ed  b y  a  e lec tr ic al  en gine er
with a C3  injury. He uses a sip- and -puff  switch with
scanning contro l  f o r whee lchair mob ili ty. Computer
ac c es s  at  ho me is  p ro vid ed  b y a vo ic e ac tivated  s ys tem.
He uses this  p rimari ly f or p rogramming , but has found
that sys tem not suitab le fo r signif icant design or
grap hic s .  During the Init ial evaluatio n in o ur lab orato ry a
d e te c ta b le  E MG s ig na l wa s  o b t ain ed  f r o m his  b ic e p s .
Figure  3a shows  this  s ignal amp lif ied 200  t imes. Note
that  there ap p ears  to  b e o nly o ne large mus cle unit  f iring
at a rate of 30 Hz. Figure 3b is  the resulting processed
EMG signal used to ac tivate the switch. The muscle unit
contract ion was  visible under the  skin but no movement
of the limb  was  detec ted. The  EMG from the eyebrow
could also be  used , but the  use r p re fe rred the  b iceps
pos it ion. F ind ing  the  proper pos it ion o f  the  mounted
elec trodes  to ob tain re l iab le  switch func tion requires
some searching. The p rocessed EMG amplitude display
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(LED)on t he  switc h box was  used  to  locate  the  bes t
pos it ion f o r the  e lec trodes . The  conduc tive  adhes ive
elec trodes are we l l suited f o r  t hi s  s i t ua t i on where
reposit ioning  is  required . Once properly pos itioned, the
elec trodes  are s tab ilized  by us ing  a Velcro@ s trap. The
gain of  the amplif ie r Is ad justed  to provide f ull amp litude
output on the  LED disp lay at a comf o rtab le  contract ion
ef f ort.  The switching  re f erence  vo ltage  is  ad jus ted by
displaying  i t  on the  same LED d isp lay and  sett ing  this
level at approximate ly 1/3 o f f ul l scale. The 1  inch long
joys tick is mounted in a small box to avoid obs truc ting
the view of the computer screen. I t Is rigidly attached to a
tripod positioned  at mouth level.

0 10 20 30 40 50 60 mSec
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Fi g u r e 3 a . P r e a m p l i f i e d EM G fr om non-
f u n c t i o n a l b i c e p s mu s cl e of qu ad r i p l eg ic
showi ng o ne  l a rge  mot or  u n it.
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F i g u r e 3 b . I n t e g r a t e d EM G le ve l a f te r
pro ce ss in g  of  E M G above .

I t has required several hours of  prac tice fo r the use r to
become pro f ic i ent at posit ioning the cur so r  o n t he
screen at the desired  locations and act ivat ing the  relay
switch at the appropriate time. This is  as expected, since
eff icient operation of the hand -held mouse also  requires
several days  o f  p rac t ice  f o r mos t no rmal use rs . The
mo unt e d e lec t rodes and EMG switch are now
func tioning  without need  o f  ad jus tment f o r complete
training sess ions which last up  to  3 hours. At this stage
the test sub ject is training himself  to use a CAD program
to  pe rf o rm des ign f unc tions . His  goal is  to become
pro f ic ient at laying out printed circuit boards and

designing e lec tronic circuits us ing  computer tools. Text
entry is  performed by using the  Word W rlterTM program
which disp lays the keyboard on the screen. This
program also displays up to 12 predicted words based on
the f irs t few le tters se lected. By pointing  to the desired
word  and  ac tivat ing  the EMG switch the  entire word  is
entered Into the active program automatically.

D I S C US S I O N

An EMG activated switch has been developed which has
operated reliably for several months. It Is a useful device
fo r pe rsons  who have l i t tle  o r no  anatomical s i tes f o r
mechanical switch activation but do exhibit some residual
volitional ly control led EMG ac tivity in a muscle o f a limb,
shoulde r o r head . The bar g raph disp lay of the
processed EMG leve l is  an important f eature  o f  the
device. I t provides visual feedback for proper positioning
of the  electrodes, adjus tment of the gain o f the device,
and setting an appropriate switch threshold level.

There are several limitations of this device. The disabled
user is not fully independent when using this  system. An
attendant or other dexterous person must be p resent to
attach and disconnec t the elec trodes  and  the EMG
switch. This attendant must be trained  f o r p roper
placement and adjustment of  the device. The device is
currently not battery operated. I t is operated by an AC
low- voltage adapter which generates 12 volts. No special
effort  was made to  minimize power consumption. A t this
point the device is hand wired so that dup lication
involves considerable labor.

Greate r precis ion in curso r contro l would also be
desirable. W e are evaluating the poss ibi li ty o f us ing a
trackbal l mounted near the  chin or mouth as the  cursor
contro l device. This device inco rporates a second
latching  switch to el iminate  the  need fo r holding  down
the switch fo r operat ions  requiring "dragging" or pul ling
down o f menus. For this type of device  a second  EMG
switch may be desirable.
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A Programmable Scanning Keyboard for the IBM PC

P.K. Cheng
Rehabilitation Engineering Centre

Hong Kong Polytechnic
Hung Rom, Hong Kong

ABSTRACT

A hardware 8x16 programmable scanning keyboard was
designed for IBM -PC- compatibles to avoid the
incompatibility problem of a memory- resident software
keyboard with graphics -based programs such as those for
Chinese word - processing. Each position can be programmed
to output up to 4 keystrokes each. Two layouts are built -in.
One layout is optimized for English word - processing and the
other for Chinese word- processing. Other layouts can be
composed with ease using the supplied Layout Editor and
downloaded to the keyboard. It supports single -, dual- and
5- switch input. Layout data and operating parameters are
stored in memory with battery back -up.

BACKGROUND

For the disabled who cannot operate a standard keyboard,
a sof war c or hard-.rare a' 11c.-native 'kcyb3ard may be used as
an input device. Operation of the scanning keyboard is
through an appropriate ability switch chosen for the
particular disabled person using it.

STATEMENT OF THE PROBLEM

Software keyboards are memory- resident software packages
that work well with a wide range of software. However, in
the case of IBM -PC- compatibles, some graphics -based
software such as those for Chinese word - processing, software
incompatibility is a problem. IBM -PC- compatibles are
ubiquitous in this city.

Hardware scanning keyboards should have no software
incompatibility problem. The major flaw, besides the high
cost, is that they usually have a fixed layout optimized for
English word - processing. Since both English and Chinese
based software are widely used locally, a hardware scanning
keyboard which can cater to at least two languages is needed
for the disabled user.

RATIONALE

Input efficiency is slow using a scanning keyboard. Efficiency
can be improved using statistical layouts for an alphabet -
based language, such as English. Chinese characters are
non - alphabetic. There are several popular methods of
inputting Chinese characters and they require different
layouts to optimize input efficiency.

It is interesting to note that while the more sophisticated
software keyboards developed in North America use word -
predication to increase input efficiency, all Chinese operating
systems have word - predication built -in because of the
imprecise nature of several popular input methods.

5. 3

While it is not possible to implement word - predication in a
purely hardware alternative keyboard, it is  possible to
increase efficiency if each position can be programmed to
output more than one keystroke.

Based on the above reasoning, a scanning keyboard
appropriate for use in this city should have the following
characteristics: -

1. Works on IBM -PC- compatibles
2. Statistical layout for English word - processing
3. Layout optimized for the most popular method of

Chinese character input.
4. Programmable layouts to suit individual preferences.
5. Each position should be able to output more than one

keystroke to increase input efficiency.

Fig. 1 Front panel with overlay for Chinese input

DESIGN

Programmable scanning keyboard (Fig. 1)

The heart of the keyboard is a Motorola MC68705R3
single -chip micro - computer. Layout data and operating
parameters are stored in memory with battery back -up. An
on -board interface allows downloading of layouts from a PC
via a printer port. The standard keyboard and the scanning
keyboard plug into a small junction box which in turn plugs
into a PC keyboard input socket. This junction box serves as
a simple automatic electronic switch to allow use of the
scanning keyboard with the standard keyboard without
conflict.

The matrix size of the keyboard is 846. Two
pre - programmed 8x10 layouts are provided. One layout has
the alphabets arranged in the usual statistical English order.
The other layout has the alphabets arranged according to the
most popular Chinese character input method. Three
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transparent overlays are provided -- -two for the
pre - programmed layouts and an unfilled one for a custom
layout.

Enough memory is provided to enable  each pos ition to
output up to four keystrokes each. Since only 8x10 positions
are required to implement the most frequently used keys of
standard keyboards, the large matrix size leaves room for a
small `command /phrase library' or special tables for various
Chinese input methods.

The keyboard will not scan consecutive blank rows or
columns so as not to decrease input efficiency. One interest
consequence of this feature is that the scanning matrix size
is programmable.

To accommodate for a wide range of users, the keyboard
supports single -, dual - and 5- switch input. Access is most
efficiency with a 5- switch joystick. The first column contains
user selectable operating parameters. These parameters
include choice of eight scanning speeds, two layouts, XT or
AT keyboard compatibility, auto- or manual- scanning mode,
and type of switch input.

Fig. 2 Layout Editor with the pre- programmed layout for
Chinese input

Layout Editor (Fig. 2)

The Layout Editor allows the user to customize the keyboard
for his own needs. Layouts stored on disk can be retrieved
for modification or downloading to the scanning keyboard.
A layout contains the keystrokes to be outputted by each
scan position as well as operating parameters such as choice
of scanning speed and layout ID.

The editor is user friendly with simple menu selections, an
on- screen matrix resembling that of the physical scanning
keyboard and on- screen instructions.

EVALUATION

Fifteen keyboards were sold to the local educational
authority. Some of these have been in use in special schools.
Evaluation results will be known in the near future.

One keyboard has been used by an adult quadriplegic for
several months. This user does extensive Chinese
word - processing and finds the programmable feature most
useful in implementing his favourite character input method.

DISCUSSION

This hardware scanning keyboard aims to provide an
appropriate solution to solve a local need. Measures taken
to achieve this are built -in flexibility and facilities to increase
input efficiency.

One interesting use of a programmable matrix size is that
the keyboard can be used as an answer pad with only a few
choices. This can be achieved by either limiting the matrix
size to a few scan positions or making blocks of scan
positions to output the same keystroke.

The hardware approach is inherently more expensive than
the software approach because of the high hardware cost. It
is only necessary because of software incompatibility, This
problem can only be solved with standards arrived at by
software producers. With the increasing popularity of
`windows' compatible software, the problem should diminish
accordingly.

ACKNOWLEDGMENTS

The technical expertise of S.C. Siu is greatly appreciated.
This work was supported by the Royal Hong Kong Jockey
club.

P.K. Cheng
Rehabilitation Engineering Centre
Hong Kong Polytechnic
Hung Hom
Hong Kong

54 R ESNA 1 4th  ANN UAL C ON FER ENC E • KANSAS C ITY,  MO.  1991



A model for designing an alternative access system for the MacintoshTM
5 . 4
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Ab strac t

An ideal human- computer interaction(HCI)system for
physically limited users must acco mmodate radically differ-
ent access methods. We have c reated a system for authoring
alternative HCI which allows  customization o f the input
method and of choices presented to the user by the computer.
An important implication of this system is that more control
and speed can be given to the user since a more direct method
of computer access is used. This paper discusses the capa-
bilities deemed necessary for such a system, the system
structure, and altemative interfaces which could be created
with it.

Bac kgro und

From the users point of view there are two components to
HCI: the physical input device and the information the
computer gives to  and receives from the user. This informa-
tion is conveyed by a graphic interface (GI) from which the
user is to pick choices such as letters, word predictions or
macro functions. When determining the best  input method
and GI for a computer access system, several issues must be
considered (2,3):

• Physical capabilities. Every person will be best suited to a
unique comb ination of input devices. Allowing the computer
to maximize the information o btainab le from this c ombina-
tion is the most important factor determining user access
speed and sense of control. One way to do this is to use
different alternative access devices concurrently, for example,
a headpointer to select letters from a graphical keyboard
layout and an extra switch to activate a modifier key such as
shift . Variables like visual acuity and movement accuracy
affect how the graphical keyboard should be arranged and
sized (2).

• Application.  Information conveyed to the user by the
graphical interface should depend on the functions required
by the software the user is running. F or example, we have
included the ability for the interface to provide adaptive word
prediction based on past input. This option would be advan-
tageous for word processors and voice generation but not in a
grap hic s package.

• Comp uter hardware. Our development is implemented on
the Macintos h computer which comes  in several models, so
any alternative input system needs to be able to be tailored
with these d ifferences in mind. The size of the computer
screen is one example of a hardware consid eration. Less
information can be incorporated into the GI for a small

screened computer since part of the application window will be
covered over by it.

• Cognitive level. There is a co gnitive effort in understanding
that handling an input device produces a change on the compu-
ter screen. The method of initiating a task s hould be intuitive
since some people may not b e capable of much encoding.

"Computer Access" (CA) describes the need to map a user's
input to the computer's functionality. The traditional approach
is to interpret alternative input devices in such a way as to
emulate the stand ard input devices (See Fig. I a). Although
this approach seems intuit ive, it makes the assumption that
such users are best able to access computer functionality
through the same channels as an able bodied person. In fact,
the approach serves only to make it cumbersome to access the
capabilities of comp uter software (1,2).

Traditional mouse emulatio n, in partic ular, can be very cumber-
some, such as when using a four switch array to generate
mouse movement.  Choo sing a menu command is ac com-
plished by a series of switch closures to manoeuvre the mouse
to the appropriate locations in the menu. The same task could
be accomplished more directly in several ways, one way would
be to activate one switch with a special code to access the menu
bar (Morse code for m, for example), then activate the switch
to select the column (four times for the fourth column) and then
again to select the corresponding row of that column (three
times for the third choice).

In our minds, alternative access systems should "access compu-
ter functionality" (Fig. 1 b) rather than "access keyboard and
mouse" (Fig. 1 a) , contrary to the traditional approach dis-
cussed above.

S o f t w a r e Us e r Ke y b o a r d
F u n c t io n a li t y I n t e r f a c e a n d  M o u s e

E m u l a t o r

Us e r

Figure I a: 1 radirionaI approach.
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So f t war e � Us e r I_  I Ke yb o ar dFunc t i ona l i t y In t e r f a c e H a n d  M o u s e

Alt e rnat e  User  I nte rf ace

Us er

Figure 1 b: Direct approach.

Statement of P ro b lem

The p roblem is to design a sys tem which will allow the
specific ation of appropriate ways for physically handi-
capped persons to drive a c omputer more direc tly. This
system can b e tailored to the individual according to the
design issues d iscussed above by customizing the physical
input method and the grap hical interface.

The present user interface implemented on the Macinto sh is
not satisfactory since we want to deal with more informa-
tion than just  keybo ard and  mo use emulation. A new user
interface mus t be inco rporated  which will allow the defini-
tion of user interfaces of a d ifferent nature. Taking this
approach will res ult in a new inp ut and user interface
"fo undation" , rather than the traditional one which is based
only upon keyboard  and mouse.

Ap p ro ac h

We must consider new variables in the s pecification of
interfaces app ropriate for limited input users so more
informatio n can be extrac ted from that interface.  For
instance, time c an be used as an extra control variable to get
more information out of one switch. While s canning with a
single switch it may be feasible for the user to hit the switch
with a special code to escape out of an incorrect group
selection. This eliminates having to wait  for the co mputer
to scan thro ugh the inco rrect selections. The us efulness of
this op tion will be determined by the co gnitive and physical
ability of the user.

It is possible to use an arbitrary number of alternative input
devic es. Thes e inputs  may inc lude all standard inputs
(keybo ard, mouse) as well as a variety of alternative access
devices. We must reduce the set of all activities the user
would wish to choose from to a simple set of functions
which d epend o n the current applic ation.

The software has two parts, an input engine and an output
engine (See Fig. 2). Input received by the input engine falls
into two categories: physical device ac tuations , called  input
triggers , and co ntext, c alled co ntext triggers. Context
triggers allow the meaning o f input to be dependant upon
the current state of the machine, or, in other words , what the
user is currently doing. "Outp ut triggers" going from the
input engine to the output engine can be defined as a
functio n of any combination of the input triggers , inc lud ing

historic al info rmation. For instance, an output trigger defined
to select from a scanning keyboard could be specified to
become true whenever the user closes a switch for at least
500ms b ut not more than 1000ms. With two or more input
devices, endless combinations of triggers can be defined,
depending up on the spec ific capabilities of the user. Any
conceivable form of switch input can be handled such as
Morse code, obscure combinations of multiple switches or a
single switch input having many meanings depending upon
the state of the machine. In this  manner , the input engine can
be extend ed to make limited input ric her.

3
y Input Output 0

-� �a0� , Engine Engine � w

T �
Context

Information

Figure 2: Approach to Computer Access

Next, the output engine must make a decision as to what to do
with the given inp ut The inp ut engine has no channel to
communicate to the user since it is a low level operating
system extension which acts as a black box control centre.
Within the o utput engine , the author may us e three channels
to communicate op tions to the user. audio, a window (GI) and
cursor. By selecting these options , the us er may implement
software functions , change the meaning of future input, or
control the interface itself. For instance, the cursor channel of
communication may d isplay a spinning cursor which moves
in the direction indicated when the switch is closed.

The software has been implemented as a system extension
and Mult i Fi nde r  TM bac kgr ound appl ic ati o n. This allows it to
function concurrently and interact with exis ting Macintosh
software.

The discussion of specific software functions and the exact
nature of input devices from a hardware and software stand-
point are not within the scope of this paper.

Imp lic atio ns

Today' s advanced computers, including the Apple Macintosh,
rely upon " high input bandwidth " since they allow such a rich
set of input optio ns at any given t ime. T he inp ut engine's
contribution is to allow alternative inp ut devic es to be
extended to whatever manner the user is  capable of driving
them in order to overcome this lack of rich input. Thus, a
well d esigned set of triggers will maximize whatever input
bandwidth is  available.

The GI can channel input most appropriately towards per-
forming a task. Essentially, different sets of options are made
available to the user at different times and even more options
are made available through word prediction and macros. This
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is an example of the computer doing more work to bring
appropriate options to the user so that communication speed
from the user to the computer is increased. Thus, the
computer is generating a high output b andwidth.

To make the computer even more directly accessible to the
user in the future the next step will be to create a set of
"templates " specific to every application, windo w or task
so that the options which the user may choose from are
approp riately limited.  For instance, when a dialogue is
presented to the user which asks, "Do you wish to save this
document before quitting ", it is evident that the user need
only indicate the answer to this question, there is no need
for the interface to offer options such as moving the mouse,
typing text , or anything else. A template will allo w the user
to choose directly from options, rather than working
through the cumbersome and time consuming abstraction of
moving a mouse or typing on a keyboard. This final
mechanism reduces the set of options presented by the
output engine so that the user may choose what he or she
wants with fewer actuations chosen via the input engine.

Discussion

Obviously, this system has implications for any mode of
alternative access method: headpointer, single switch,
expanded keyboards, etc. A concrete example is presented
here for clarity. Morse code is a very fast way to enter text
with single or dual switch access and is chosen by many
users who have the dexterity and cognitive level to practice
it T here are an overwhelming numb er of c odes  to  remem-
ber if punctuation, control characters, and macro codes are
to be used in addition to letters and numbers. It would be
easier on the user if the complicated codes, or even
alphanumerics they cannot remember, could be accessed
from a s canning graphical interface. Then the us er would
have redundant methods of acc essing the same thing (2). It
is not a trivial exercise to switch between morse code and
scanning input on traditional systems, however, with our
design these two methods can be used easily side by side.
Word prediction and macros can also be presented in the
graphical interface to help speed up access time for the user.
A graphical interface which expresses the ideas discussed
here is shown in Figure 3. T he GI scans between the ward
prediction list and the activation areas which summon other
scanning levels or macros. Icons are used to represent other
scanning levels for numbers and punctuation,
alphanumerics, and modifier keys and mac ros to initiate the
spinning cursor, menu access, and page up/page down.

The manner in which the user accesses these graphical
interfaces can be adapted exactly to the user. If the user has
the physical dexterity to utilize more than the one or two
switches that are required by morse code this extra degree
of freedom can be utilized. The third switch could be used
to start scanning the graphical interface, and then select
items. After the word prediction list is selected a specific
word can be chosen directly, for example, if the third item
down was required they could hit the switch three times in
succession.

This system s eems so flexible that it  is almost o verwhelming.
In order to be functional in the teal world it must become
very user friendly. To accomplish this several standard
keyboard layouts will be provided with the option to adapt
them to specific users. An expert system should be developed
to help the therapists and users to make the best choices for
access method , graphical layouts (4) and useful macro
functions.

Made nta  Sc ann ing  Ke ybo ard

this F 1 a

the re +'!F

is j� !g
connietest a b M pb ti

Figu re 3 : Sa mple Sc anning Layout
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5 . 5 THE CONTROL INTERFACE AS SESS MENT SYS TEM:

A COMPUTERIZED AS SES SMENT TOOL TO EVALUATE CONTROL INTERFACE DEVICES
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Lexingto n,  KY 40507

ABSTRACT

This project develops and fieldtests a prototype software/hard-
ware assessmentpackage to support assistive technology assess-
ment personnel responsible for selection of appropriate control
interface d evices fo r perso ns  who  have d ifficulty interac ting
with their environment. This  p o pulation inc ludes individuals
with laming, intellec tual,  o r phys ic al d is abilities ; very young
persons; and/or elderly persons. The Control Interface Assess-
ment System (CIAS) inc ludes so ftware designed  to meas ure
critical characteristic s of an individ ual's ab ility to interact with
available and potentially useful control interface devices such as
touch keybo ard s and  ad aptive s witches.  The CIAS  s ystem is
co mp atib le with IBM c o mp uters  and  utilizes  two  s p ec ially
des igned  c o ntro l interfac e devic es: a Memb rane Keyb o ard
Simulato r (MKS ) and  a Univers al Ad jus tab le Mic ro s witc h
(UAS). These devices connect to the computer and are operated
by the ind ivid ual fo llowing a series o f stand ard ized  test  se-
quenc es under s o ftware co ntro l us ing vis ual,  audito ry,  and
kinesthetic prompting. CIAS is intended to provide the capabil-
ity to  s imulate a wide array o f sp ec ialized co ntro l interface
devic es prio r to a dec is io n to ac quire any part icular one and
improve the accuracy of assessment procedures for determining
approp riate devices for environmental control.

BACKGR OUND

Current advances in technology have made ind ependent envi-
ronmental interaction a feasible goal forpersons who previously
have b een unsucc ess ful in c ontro lling their enviro nment. Ad-
vances have been mad e in the d evelopment of specific devices
and  eq uip ment need ed  b y thes e ind ivid uals  as  well as  the
development of alternate control interfaces for existing devices
and eq uipment. An interface provides the means for interaction
to  oc c ur between the us er and  an ob jec t  (Levy, 1983).  The
relatively new ap plic atio n of p hysical and elec tronic  c ontrol
interfaces in the rehabilitation/habilitation and special education
fields  is providing many pers o ns  first  - time experience with
various forms of environmental control (i.e., playing with toys,
turning on lights, using microc omputers , c ontrolling s canning
disp lays , and c ommunicating through the use o f augmentative
communicatio n d evices ).

A wide variety of alternate control interface devices are c om-
mercially available.  T hese devices are inc luded in catego ries
such as  micro switches, alternate keyboards , mo use keybo ard
emulators, speech recognition systems, and environmental con -
trol units . The TRACE Center publis hed a Rehab /Educ ation
Resource Book S eries in 1987 that provided  a c omprehensive
catalo g of 117 adaptive switches as well as a wid e variety of
other adaptive interface devices.

STATEMENT OF THE PROBLEM

The assessment process for making decisions regarding control
interface devices has beco me increasingly more difficult as the
number of device options increase. When variations in physical

dimensions and operational characteristics for these basic types
of microswitches and other variations in user functionality and
positio ning are consid ered, the lis t o f p oss ible c hoices  fo r a
particular individual and functio nal task b ecomes bewildering
even to  the mos t experienced as sess ment p ro fess io nal.  T he
question becomes Which of the many control interface devices
is appropriate for which user? Just as user abilities and limita-
tions vary, so do control interface device variables and dimen-
sions. The importance of determining the appropriateness of a
devic e by matching the user with a control interface devic e is
crucial to providing users with their key for interacting with the
world_

RATIONALE

Assessments must be developed to address not only the specific
needs of the populatio n but also the range of individual differ-
ences found within that population (Glennen & Ourand,1989).
The need for systematic assessment methodologies isclearin the
current literature (Esposito & Campbell, 1987; Wright &Nomura,
1987). Assessments for control interface devices are currently
being co nducted  using a wide range of procedures. Decisions
that are made regard ing which devic e is predicted to be most
effective and efficient for a partic ular us er are often b ased on
subjective data only. Professionals conducting assessments are
often limited to making judgments based on direct observations.
To make assessments more accurate and reliable in terms of rate
and duration,stopwatches and other t iming devices have been
used. Oglesby states that other variables such as actuatingforce
and travel are equally signif icant to the assessment process and
should be addressed (1987). However, these variables are not as
easily measured and seldom are included in assessment reports,

The numb er o f c ontrol interfac e devices available to any one
assessment lab or clinic is limited by the high cost of commer-
cially available devices. It is unrealistic to expect that an assess-
ment lab  /clinic  could possibly be equipped with the range of
interface devices needed to adequately assess which one of the
vast numb er of commercially availab le devices a user actually
need s. P rofessio nals  conducting tec hnology assessments are
forced to use the specific control interface devices they have at
hand  to  evaluate a user 's performance.  Using this techniq ue,
professionals can not make reliable recommendations that some
alternate control d evice (other than the one they actually used
during an ass es sment) would  b e mo re app ro priate s ince the
alternate device was  not tes ted directly b y the us er. Co ns e-
quently, this as sessment technique is limited b y its recommen-
dations of only those specific control interface devices available
for use and used during an assessment

Additional assessment toolsctrrently being used byprofession-
als includespec ialized microcomputerso ftwarep rograms (Sinele
)hut Co ntrol Assessment 1983; Rizer, Rein, & Ourand). These
computerized as sess ments  p ro vide p ro fessionals ad ditional
means of gathering reliable data by electronically measuring the
variables rate and accuracy. Current computer programs , like
the other ass ess ment p roc edures  previous ly des cribed , have
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limitations for they too do not address all of the variables needed
to accurately assess control interface devices. Furthermore, ex-
isting software programs do not allow for the range of commer-
cially available d evic es.

An assessment tool which can bealtered and adjusted to match the
varied  range of us ers '  ab ilit ies  with c ontrol interfac e d evic e
variables as well as their dimensions is badly needed. Creating a
microcomputerbased assessment system which would measure
the abilities of the user in terms of actuating force as well as travel,
would improve assessment procedures bycalculating thespecific
variables needed in a control interface device for the user to be
succes sful. In ad dition to ad dress ing bo th the user and d evice
variables, a computerassessment system that would eliminate the
need  fo r p urc has ing a wide array of c o mmerc ially available
control devices would be quite cost- effective.TheControl Interface
Assessment System meets this need.

DESIGN & DEVELOPMENT

CIAS is a software/hardware package written in the C program-
ming language to  facilitate porting the source c ode to d ifferent
microcomputersystems. The current version of the CIAS software
will run on the IBM PC microcomputers (and compatibles). The
hardware devices required as part of the assessment package are
designed to interface with the IBM system. Assessment profes-
sionals  using CIAS so ftware will be as ked to provid e general
information ab o ut the us er whic h includes  the us er ' s name,
asses sment date, and  specific  info rmation about the p artic ular
device being assessed (i.e., the anatomic site used to activate the
switch, the position of the switch, the size of the grid of cells on
the keyboard). Next, professionals are given the option to assess
two major categories of control interface devices: switches and
membrane keyboards (alternate keybo ards for mic rocomputers
as  well as  keybo ard s on d ed ic ated  c ommunic atio n devices).
Within each major c ategory, a variety of tests are available as
options for assessing that particular device. Testing options allow
for the ability ranges of the persons being assessed.

Twospecially designed general purpose control interface devices
that have been developed are the membrane keyboard simulator
(MKS) and  the universal as sessment switch (UAS). Bo th these
devices use force sensing resistors (FSR) technology forcontinu-
ous measurement of the actuating forces (Interlink Electronics,
Santa Barbara,  CA; Hyman and Miller,  1990). T he mechanical
design of the UAS allows it to simulate and substitute for all the
various pressure - sensitive switches usually used during an as-
ses sment. The switc h is  d esigned  to  acc ep t c ontact  surfac es
varying in s ize,  and  s hape, and texture.  A s pecific fo rc e fo r
successful switch closure can be preset by the professional. The
MKS is constructed of a two - dimensional armyof 384, 3/4" FSR.
The array consists of 16 rows and 24 columns. The dimensions of
the MSK is 18" x 12 ". Each FSR is positioned to reduce "dead
zones ". A thin plastic sheet overlays the FSRs to provide even

distribution of force as well as protection. An A/D converter is
interfaced to the IBM performing the final processing o f d ata
from either the UAS or MSK.

EVALUAT ION

The CIAS  evaluatio n will be c omp leted in the s pring o f 1991.
Plans for this fieldtest encompass three phases. The first phase
involves in -ho us e evaluatio n to  valid ate the acc urac y of the

software system fo r measuring and calculating variables tested
by the CIAS hardware assemblies. Software measurements ob-
tained using the MKS and the UAS will be comp ared to similar
measurements ob tained using six commercially available pres-
sure switches varying in terms of rated travel and actuating force
variables.

The s eco nd  fieldtest  phas e will b e conducted to evaluate the
CIAS testing content. It is crucial that the various tests that are
provided as options forassessing a user's abilities to interact with
the UAS and the MKS well represent the many available control
interface d evices that can b e recommend ed for use. Need for
additional or altered test sequences and/or content will be iden-
tified  at  the time o f evaluatio n and field  testing.  T he targeted
group fo r evaluating the system content will be representatives
from groups who are responsible for instructing others about the
availability and use of control interface devices. Three questions
will address the content o f the CIAS. 1) Are the interface tests
appro priate fo r as sessing the user's  ability to use a memb rane
keyboard and/or use a switch to interact with their environment?
2)Are there any changes in the existing tests that would provide
a more accurate demonstration of user abilities? 3)Are there any
additional tests that could better assist in assessing user's abili-
ties?

The final field tes t phase will invo lve the us e o f the CIAS  for
actual assessment work with professionals within the first nine
states which were award ed assistive technology funds through
The Technology - Related Assistance for Individuals with Dis-
abilities Act of ]988 (PL 100 -407). The states that were awarded
funds to provide assistive technology information, assessment,
and devices topersons within theirrespective bordersare: Arkan-
sas, Colorado, Illinois, Kentucky, Maine, Maryland, Minnesota,
Nebraska, and Utah. Each state's lead agency will be contacted
and asked to identify a state assessment site. The assessment site
will conduct at least two actual assessments within the week (5
working days) that they are provided with the CIAS software/
hardware package. Sites will provide information and evaluation
feedb ac k to  the projec t staff c oncerning at leas t three major
issues: (1) the effectiveness of the Control Interface Assessment
System with regard for as ses sing user ab ilities and pro vid ing
asses sment pro fess ionals with informatio n that is useful when
purchasing commercially available interface devices for the user;
(2) the utility o f the general discussion,  operation instructions,
and tutorials contained in the CIAS User's  Manual; and (3) the
effectiveness and suitability of the softwarepresentation formats,
display screen appearance, user prompting modes (visual, audi-
tory, and kinesthetic); user interface characteristics , including
positioning, motivation; and and ability to work with the control
interface simulators. These issues are reflected in the following
evaluation concerns that will be addressed during the evaluation.

A major factor to explore in the evaluation is whether assessment
profess ionals  can reliably and eas ily as ses s users '  abilit ies  to
interact with control interface devices. Three questions relate to
the suitability of the system utility for its intended purposes: 1)
Are assessment professionals able to use summary information
that is displayed following testing proced ures? 2) Are the sum-
mary informatio n printo uts useful in p rovid ing ad d itio nal
doc umentatio n for ass ess ment repo rts ? 3) Is the summary in-
formation appropriate and accurate in assisting the as sessment
profess io nal in the d ec is ion making pro ces s fo r p urc has ing
commercially available control interfac e devices?
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In addition to results provided using the CIAS, it is also important
to  d etermine whether the so ftware is presented in a way that
makes  it easy to und erstand and op erate as well as whether the
hardware is designed in such a way that it is easy to manipulate.
The informations contained in the draft User' s Manual and other
documentation and the actual presentation formats and Clow -of-
control for the s oftware itself will need to be tes ted in the field.
Errors that may exist in both the software program execution and
disp lay of informatio n and the manipulation o f the customized
hardware devices are also identified at this  time. Ten evaluation
questions are related to the concern about software and hardware
design and  operation: 1) Are instruc tions for using the sys tem
app rop riate,  sufficient,  and c lear? 2) Are the format of screen
des igns and  metho d  o f presentatio n c lear? 3) Is  the level o f
language approp riate? 4) Are uniq ue termino logy and technical
terms well -  defined? 5) Is  the s equenc e o f info rmatio n that  is
presented ap propriate? 6) Are there any typo graphic al,  gram-
matical, or other mechanical errors in the screen display? 7) Are
the supp lementary materials sufficient? 8) Is the system easy to
set -up  in terms  of interfac ing the hardware d evic es with the
microcomputer? 9) Are the Universal Switch and the Membrane
Keyboard  Simulator appro priate for assessing co ntrol interface
devic es? 10) Are the hardware devices  easy to manip ulate?

Like the second phase of Geldtesting, it is crucial that the various
tests that pro vided as options fo r asses sing a user's  abilit ies to
interact with the UAS and the MKS well represent the many uses
for recommending the use of control interface devices. The need
for additional or altered test content are identified at the time of
evaluation and  field  tes ting. T hree q uestio ns  will ad dres s the
content of the CIAS . 1) Are the interface tes ts appropriate for
assessing the user' s ability to  use a membrane keyboard and/or
use a switch to interact with their environment? 2) Are there any
changes in the existing tests that would provide a more accurate
demonstration of user abilities? 3) Are there any additional tests
that could better assist in assessing user's abilities?
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5.6
IMPROVING ALTERNATIVE ACCESS TO COMPUTER GAMES

Glen Ashlock

Rehabilitation Engineering Program, Department of Physical Medicine and Rehabilitation,
University of Michigan Medical Center

ABSTRACT

Alternative computer access methods such as
scanning and Morse code can be used by people
with handicaps to play computer games.
Customized input systems increase the number of
games that can be played using these methods and
reduce the effort needed to play them. A set of
guidelines for creating customized access systems is
developed and examples using these guidelines with
a commercially available keyboard emulation
program are presented for two different games. A
case study that demonstrates a clinical application
of playing computer games is also presented.

BACKGROUND

Playing computer games provides a means of
recreation and serves to introduce new users to
computers and experienced users to a new access
method. For new users that are intimidated by
computers, playing games can help them to
overcome their initial fear and ease them into
learning the operating system. Game playing can
also be used as a way to maintain a users interest
while providing the needed practice and repetition
necessary to become proficient using a new access
method. Computer games also provide a way for
people with handicaps to play and compete with
friends and family, both disabled and non - disabled.
Computer games are a recreational activity that can
be resumed quickly after an injury, often with the
user at the same skill level as before his or her
injury. In addition to these other reasons, playing
games is just plain fun.

Access methods such as scanning and Morse code
provide an alternative to using keyboards that works
well for many applications, such as word
processing, but in many cases these methods are not
very effective for playing games. Using scanning in
most standard configurations forces the user to
repeatedly scan past characters that will never be
used for the game. Another problem is that games
often require combinations of letters, numbers, and
arrow or function keys. These keys are typically on
different levels of the scan tree, so the user spends a
lot of time switching levels instead of playing the
game. Since speed and riming are important while
playing many games, these delays may make a
game impossible to play using scanning in a
standard configuration. Since Morse code is a
direct select method, it does not involve the same
problems as scanning. However, for games where
speed and timing are important, entering the code
for a key may take too long, especially for new
users.

OBJECTIVE

This paper presents a method of improving access
to computer games for handicapped individuals. A
set of guidelines for using customized scan trees to
play computer games is developed and
demonstrated with examples from two games and a
brief case study.

METHODS

Only a limited set of keys is required to play most
games, and a small subset of these keys may be all
that is necessary at a given level of the game. Some
characters may be needed throughout the game,
while others are needed only on a few occasions.
When using scanning input to play games, a scan
level that contains only the necessary characters for
the current game level reduces the probability of
selection errors and minimizes selection rime. The
arrangement of the scan trees should be determined
by the flow of the game, changing automatically
based on the keys selected to match the current
game level.

The entries (selection choices) in each scan level
should be arranged by their frequency of use. The
frequency of use for each entry is generally
dependent on the current level of the game. To
minimize selection times, the order of the entries
within the scan level can be changed automatically,
based on the previous selection choices. It should
be noted, however, that frequent changes in the
arrangement of the entries in a scan level may offset
the gain in efficiency realized from optimizing the
order of the characters(1). This is because dynamic
ordering of entries in a scan level increases the
cognitive load on the users and requires them to
spend more time visually searching the choices on
that scan level for the desired entry. The abilities of
the intended user should be considered before
making use of dynamic scan trees.

There are instances during a game when is helpful
to enter multiple characters and perform other
functions. For example, there may be a need to
repeat a particular keystroke many times in a row or
to enter a frequently used combination of
keystrokes. It may also be helpful to change
parameters such as the speed of the game. It should
be possible to execute these tasks by selecting one
item in a scan tree or by entering a single code
when using Morse code. To do this, the alternative
access method must allow the creation of an item in
a scan tree or a Morse code sequence that changes
scan tree levels, enters strings of characters,
performs system functions, or executes any
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combination of these actions. For Morse code, this
requires the ability to define special codes that are
not included in the standard Morse code set.

When using scanning as the input method, the input
rate and timing are determined by the scan rate and
position of the item within the scan level. For
Morse code, input rate is determined by the speed at
which the user can enter the codes. When the
timing of the keystroke is critical to the game, a
specialized scan level that contains a single entry
can be used. With this type of scan sublevel, the
entry is input whenever the select switch is
activated. When using Morse code, the access
method should allow a code to be defined that will
switch the user into scanning mode with a single -
entry scan level. As with scanning, the keystroke is
input when the select switch is activated. The
single -entry scan level should be configured so that
it returns the user to the previous mode after a
preset number of selections have been made or a
wait period is concluded.

As an additional note, individuals using the MS-
DOS or other appropriate operating system can
create a batch file that allows users to independently
switch between the custom scan tree for a game and
their standard configuration for other applications.
The command to start the batch file is entered with
the user's standard input method. For the
handicapped user to be independent, the batch file
needs to change to the input configuration for a
particular game, run the game, and then return to
the user's standard configuration when the game is
completed.

RESULTS

The keyboard emulation program used to develop
the following methods and examples was
Altkey(2,a). Altkey was selected because it allows
a great deal of freedom in the design and utilization
of customized scan trees, Morse code with user -
defined codes, and combinations of Morse code and
scanning.

Game

Magic Boxes(b) is a math game where the user
completes equations in rows and columns by adding
numbers and math symbols. The necessary keys are
the numbers, +, -, x , the arrow keys, and a few
letters and function keys that are used for game
commands. The only keys required in the scan
level for the game set -up screen are the numbers 1
to 8 to select the level of play and the Esc key to
quit. The "easy" game levels use either the
numbers or the math symbols, so only one of these
groups is needed in the same scan level. The initial
scan level is set up so that when one of the "easy"
game levels is selected, only the appropriate group
appears in the resulting scan level.

The arrow keys are the most commonly used group
of keys throughout Magic Boxes and are positioned
at the beginning of the entries in the scan level used
to play the game. After an arrow key is selected to
move the cursor in a given direction, it is likely that
the next movement will be in the same direction;
that arrow then moves to the front of the arrow
group in  the scan level. Since the numbers and
math symbols are the next most commonly used
groups, they follow the arrow group in the scan
level. Any of the game control commands may be
needed throughout the course of the game, so the
command group is always available. However,
since none of these commands are used very often,
the command group is the last group in the scan
level. The individual commands in the group are
arranged by their frequency of use.

Game

The game Mean 18(c) simulates playing a round of
golf on one of several well -known golf courses.
Before making a shot, the arrow keys can be used to
adjust the direction in which the ball will be hit.
When putting, this often requires pressing the key
as many as 30 or 40 times in a row. To simplify
this process, special codes were defined that enter
up and down arrows in groups of 5 and 10. There
are three steps needed to hit the ball in Mean 18.
Pressing the spacebar starts the backswing; pressing
it again determines how hard the ball will be hit by
stopping the backswing; and the third press
determines the accuracy of the shot a little too
early and it hooks, a little too late and it slices. A
special scan level is initiated after the shot has been
lined up and a club selected using either audio
scanning or Morse code. This special scan level
consists of three levels, each with "space" as the
only item. After the third "space" is selected, the
system returns to the user's regular mode until he or
she is ready for the next shot.

Case study

H.J. is a 32- year -old woman with ventilator -
dependent quadriplegia as the result of a sports
accident in 1969. H.J. had not previously used a
computer, but was interested in learning how to do
so, primarily for writing. Based on her abilities and
goals, two - switch Morse code was determined to be
the best long -term access method. Initially, she had
difficulties entering the proper codes and her
attempts at writing became very frustrating. To
provide her with a break from word processing, H.J.
started playing the Mean 18 golf game using Morse
code. Her input error rate was just as high in golf,
but unlike word processing, entering the wrong
code usually did not have the result of inputting a
character that needed to be deleted. After playing
the golf game for several sessions, H.J.'s input error
rate had decreased and she returned to the word
processing program. During this later attempt at
writing, she was able to enter text at a much higher
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rate with fewer errors. H.J. continued to increase
her input rate by practicing Morse code using both
the word processor and the golf game.

DISCUSSION

Customizing alternative access systems increases
the number of computer games that can be played
by people with handicaps, but problems still remain
that prevent the methods discussed above from
being used with some popular games. Some games
require the user to quickly enter several different
keystrokes, each time in different combinations, so
a custom scan tree cannot be created in advance.
Morse codes can have up to 6 dots or dashes for
each keystroke, so even fast users will be at a
disadvantage in these types of games. Another
problem is that games which run in graphics mode
often cannot be used with on -screen scanning
because the entries in the scan trees are badly
distorted or not visible at all. These methods also
do not provide access to games that require mouse
or joystick input, although other options, such as
head - controlled pointing devices, are available.
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Abstract
This paper describes a new approach to making computers ac-
cessible to persons with disabilities. Developed at California
State University, Northridge, the Universal Access System
enables an individual to operate any computer over an in-
frared communications link. The system breaks away from
usual access methods by performing all access functions out-
side the computer which runs the application. Applications
programs run on a host computer, and all access functions are
handled within a personal access device called an "accessor."
This separation of functions eliminates many of the problems
and limitations inherent in present access systems. Additional-
ly, the Universal Access System has  the potential to sig-
nificantly lower the cost of providing access.

Introduction
The Universal Access System equalizes accessibility to use any
computer, appliance, or electronic device. Traditionally,dis-
abled individuals require a host computer to run special access
programs as well as applications. The Universal Access Sys-
tem performs all special access functions outside of the host in
a personalized "accessor." In other words, the host computer
runs the application and the accessor provides the access.
Host computers no longer need to be modified in a user -
specific manner. Instead, they are made accessible through the
addition of a low -cost, standardized "Universal Access Port."
This port provides an interface between the resources of the
host and the "Universal Access Link." Any accessor can com-
municate with any suitably equipped host. In simplistic terms,
an accessor can enter information into a host program as if it
were coming from the host keyboard or mouse, and read infor-
mation from the host screen. A host has no knowledge of how
information is generated or used within an accessor.

Potential benefits of adopting a Universal Access System in-
clude:

9 Budget Stretching — The Universal Access System is cost -
effective for disabled users and organizations which must
provide accessible equipment. On one hand, a personal ac-
cessor provides a disabled individual with access to any
device equipped with a Universal Access Port. On the
other hand, educational institutions, employers and public
service providers can make their information processing
equipment accessible for a very small unit cost.

• Durability — Individual solutions based on the Universal
Access System are more durable than present solutions.
The accessor doesn't need to be changed as a person's study
or work requirements change. An accessor correctly
matched to an individual's requirements will remain valid
for a very long tune, thereby leading to significant savings in
assessment, counseling, engineering, and training resources.

• Setting Standards — Adopting standards based on the
Universal Access System will make the manufacture of spe-
cial access equipment more viable because it will lead to in-
creased market sizes.

• Compliance with ADA and Section SN — The Universal
Access System provides the most straightforward and
lowest cost method to comply with federal access require.
ments such as the Americans With Disabilities Act.

The Universal Access System can fully utilize currently avail-
able special access products. In fact, incorporating the Univer-
sal Access Link protocol into existing products will increase
their utilization as they automatically inherit the ability to in-
teract with any other Universal Access System device.

Universal Access makes any device that uses electronic con-
trol accessible. In some cases, a Universal Access Port will be
included as part of the controlled device. ATMs, telephones,
home appliances, and elevators, could easily include a Univer-
sal Access Port. In other cases, interfacing will be possible
through an intermediate standard such as CEBus, which was
developed to provide remote control in homes and industrial
plants. The same accessor that enables a person to write can
provide full access to environmental control through its inter-
face to the CEBus.

Prototypes of the Universal Access System are currently being
evaluated and demonstrated to interested organizations.
Production and marketing of the Universal Access Link and a
selection of accessors is underway. Software drivers for con-
necting the Universal Access Port to a host have been
developed for IBM compatible and Apple Macintosh PCs.
Drivers for other computers and a more extensive range of ac-
cessors are planned for development over the next year.

Traditional Access Methods
The unique approach of the Universal Access System becomes
apparent by briefly reviewing traditional approaches to provid-
ing computer access for disabled users. At the present time, it
is usually necessary to modify the host computer in a user -
specific manner, providing special hardware, software or both.
While this approach is generally satisfactory for disabled in-
dividuals who work with a single computer, it is a major prob-
lem for institutions in which many computers must be used by
many different people. For example, California State Univer-
sity, Northridge has nearly four thousand computers which
should be accessible to all students. However, with a disabled
population of almost one thousand, it is not possible to predict
where and when particular types of access will be required.
Our present solution is to provide services at a centralized
Computer Access Lab. This lab contains about thirty com-
puters and a selection of special hardware and software. Each
disability is handled by one or two specially adapted systems.
While this lab has achieved its basic aim of assisting disabled
students, it is not the perfect solution. Students are restricted
to working in the lab, suffering inconvenience and unable to
work alongside their peers. They often have no access to cer-
tain programs. One solution is to equip disabled individuals
with an accessible laptop computer they take to class. While
this works in some situations, there are some severe limitations
in its effectiveness. Many of the required programs cannot be
run on a laptop computer because of memory size, operating
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speed, storage requirements, lack of particular peripheral
devices, or copyright restrictions.

The Universal Access System Concept
The Universal Access System builds on the idea of equipping
disabled individuals with an accessible laptop computer; not to
run applications programs in the laptop, but to use the laptop
as an extension of a host computer's screen and keyboard. In
this case, the laptop computer is referred to as an accessor.
The interaction between an accessor and a host is such that
the accessor handles all user - specific requirements. Com-
munication between an accessor and a  host computer is
provided by a bi- directional, wireless, infrared data link called
the Universal Access Link. Il is this link which enables the
Universal Access System to work with any type of host and any
type of disability. At one end, the Universal Access Link con-
nects to a host computer through a Universal Access Port. At
the other end, an accessor provides the interface to a disabled
person. Equipped with an appropriate accessor, a person can
access any computer which has a Universal Access Port. The
various requirements of individuals with different disabilities
are met by using different accessory.

It is an option, not a requirement, for an accessor to use a lap-
top computer. An accessor can be as small or as large as is
necessary to handle the access requirements. For example, a
"Morse code accessor," can be constructed from single chip
microprocessor at a cost of a few hundred dollars. In contrast,
a "speech accessor" capable of taking dictation requires a fast
386 computer with eight Mb of memory and a hard disk and
costs more than ten thousand dollars. Between these extremes,
there are many situations in which a standard laptop computer
will provide the most cost - effective solution. An important fac-
tor, however, is that each of these accessory can operate the
same host computers without any changes being made to the
host

The following example shows the value of the Universal Ac-
cess System: With the traditional approach, a computer to be
used by a blind person is equipped with a text review program
and a speech synthesizer. While this makes the computer ac-
cessible to the blind user, it does nothing for physically or
learning disabled users. Separate modifications are required
to handle each type of disability. No such limitation exists for
the Universal Access System. All computers capable of inter-
acting with the Universal Access Link present an identical in-
terface to accessory. Personal accessory handle the great
variety of capabilities required by individuals with different
disabilities. For example, accessors for blind users contain a
speech synthesizer and software for reading the host computer
screen. Accessors for physically disabled persons use point-
ing, Morse code or scanning to enter keystrokes into the host
computer. Individual accessors are programmed to select only
those features of the host they are replacing or augmenting.
So, accessors for blind or visually impaired users read the
screen of the host and either magnify or speak the text. Acces-
sors for physically disabled users will generally send informa-
tion to the mouse or keyboard of the host and not need to read
the screen. An accessor for a person who is blind and physi-
cally disabled might include all three of these capabilities.

Description of the Universal Access System
The Universal Access System consists of four basic com-
ponents: An acccessor, a Universal Access Link, a Universal
Access Port, and a driver program which runs in the host com-
puter.

Host Accessor
11

Universal Access Link
Computer

IaM PC Blind
Macintosh Visually Impaired
NeXT Physically Disabled
tic. l.eeming Disabled

Figure 1. Universal Access System

9 Accessor — A bridge between the special needs of a dis-
abled individual and a standardized communications
protocol supported by the Universal Access Link. Acces-
sors can be designed to support any form of input or output
that may be required by a disabled user. Accessors may be
very simple; i.e. a Morse code generator, or they may be
very complex, i.e. a speech recognition system.

• Universal Access Link — A bidirectional, infrared link
which gives access to the standard input and output func-
tions of a computer. The same link protocol is used for all
computers and accessors, and is built around a packet sys-
tem in which standard packet structures transport data back
and forth between the accessor and the host computer.
Packets are defined for keyboard events, mouse events,
screen events, and miscellaneous events such as file trans-
fers. The link uses interrupts to interact with the accessor
and host computers only when there are packets of data to
be transferred. This ensures that the link has no effect on
the performance and resources of the host computer when
there is no accessor present.

• Universal Access Port — The physical connection to the
host computer. The present design consists of an infrared
transceiver which plugs into a serial port on the host com-
puter. As the Universal Access System matures, we expect
the Universal Access Port to be included as a standard fea-
ture on most computers.

• Host Driver Software — A bridge between the s tand-
ardized protocol of the Universal Access Link and the
specific hardware and software requirements of a particular
type of computer. Each computer type requires a single
driver program to enable it to function with the Universal
Access Port. The functions performed by the driver in-
clude: link management, management of data packets (as-
sembly, routing and disassembly), and interfacing to
keyboard, screen and mouse resources. Once a driver has
been written for a particular computer, all accessors are
able to use that type of computer.

Cost Considerations
Compelling reasons for adopting a Universal Access System
are that it provides better utilization of resources and it dis-
abled individuals a much higher level of independence.

Traditional approaches for providing access are costly because
each computer used by a disabled person must be equipped
with whatever special hardware and software is necessary. The
adaptations are usually non - portable since they cannot be easi-
ly moved back and forth between computers at home and at
work, for instance.In contrast, a Universal Access Port can be
attached to a computer for no more than a few hundred dol-
lars and the same accessor can be used with computers at
home, school or university, and work.
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The cost of providing access goes far beyond the purchase of a
particular item of hardware or software. Labor costs include
evaluations, development of suitable solutions, funding, and
training. Furthermore, many of these costs are repeated each
time a disabled person moves from school to school, from
school to the workplace, or from one workplace to another.
This cycle can be broken if a disabled person is equipped with
an appropriate accessor at the earliest feasible opportunity.
Many recurring labor costs are eliminated. As well, costs to
schools and employers are significantly decreased since it is
usually only necessary for them to provide a Universal Access
Port on each computer.

Individuals grow out of computers as situations and skills
change. Children at elementary school will most likely use a
small computer like the Apple. When they go on to high
school they will be expected to use IBM PCs or Mackintoshes.
When they continue on to university and work situations, they
may be exposed to workstations and mainframes. All of these
require different accessible interfaces under traditional ap-
proaches to accommodation. It is not unusual for disabled in-
dividuals to be using their fourth or fifth computer system and
special interface by the time they reach a work situation.
Every one of the computers they have used along the way rep-
resents a significant outlay for assessment, adaptations, and
retraining on how to use the adaptations. In contrast, the
Universal Access System makes it possible to equip disabled
individuals with the most appropriate accessor at an early age,
and for that accessor to remain with them throughout their
education and into the work place.

The Universal Access System shares the cost of providing ac-
ccss among the different agencies in a way that more closely
follows the way computer resources are provided for nondis-
abled people. Because accessors represent a more permanent
solution than many of the current devices, rehabilitation agen-
cies could invest more heavily in providing individuals with the
most appropriate solution. A single accessor could meet the
needs of a disabled individual for many years regardless of
how his or her computing requirements change during the
time. In other words, the job of providing an accessor could
be. done once, and done well, rather than provided as a series
of stop -gap solutions. The provision of host computers for dis-
abled students and employees could be handled by schools,
universities and employers in much the same way as for non-
disabled students and employees. In fact, the same computers
can be shared by disabled and nondisabled users since the
Universal Access Port has no impact on a computer when it is
not being used by an accessor. The cost of a Universal Access
Port is a relatively insignificant portion of the cost of a com-
puter.

Independence
Universal access is not limited to computers. Any electroni-
cally controlled apparatus can be controlled by an accessor.
Appliances, tights, telephones, entertainment equipment,
elevators, ATMs, wheelchairs, and so on, can all be controlled
by an accessor. This means that a disabled individual can use
the same input and output strategies to control all  of the
equipment with which they normally interact. As a result, it
will be much easier for a disabled person to become truly inde-
pendent.

Design Rationale
The concept of a Universal Access System is basically simple:
access functions are handled separately from applications.
Among the reasons for adopting this approach are:

• Federal and State laws require all information processing
equipment to be made accessible to disabled individuals.
This includes: computers, appliances, environmental con-
trollers, elevators, vending machines, automatic teller
machines, and other electronically controlled devices

• As the complexity of computer operating systems increases,
it becomes extremely difficult to incorporate special access
modifications.

• As the complexity and size of applications programs get
larger and more complex, it is becoming difficult to run ac,
cess software and applications simultaneously.

• Some applications prevent programs from running at the
same time.

• Different access software and hardware is required for each
type of computer.

• Different access software and hardware is required for each
type of disability.

• Functions related to providing access need to be separated
from those related to running applications.

• Access functions should be portable to enable disabled in-
dividuals to use any computer in any location.

• The solution must be cost effective.

• Costs for implementing access must be minimized.

• Resources required to make individual workstations acces-
sible need to be as small as possible. Resources are re-
quired to modify hardware and software, and to provide
expert assistance with needs assessments, purchasing
recommendations, provision of a suitable system, training of
the disabled individual and his or her supporters, and main-
tenance.

• Access solutions must be durable. Changes in the applica-
tions used by a disabled person should not render existing
access techniques or devices obsolete.

• Access operations should be consistent for any type of host
computer or device
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Training Therapists in Technology: Barriers and Solutions
from the Third Year of the TechSpec Program
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Abstract
The demand for technology- trained practitioners has by
far exceeded the supply of competent technologists. At
the University of Wisconsin- Madison, a training pro-
gram known as TechSpec was created to address this
personnel training problem. The program is now mov-
ing through its third year. Generally, the graduates of
this program have demonstrated continuing improve-
ment in their technology knowledge and skills. In addi-
tion, technology training activities have included the
production and dissemination of curricular materials.
Several course guides and documents are currently
available and have been distributed over the past year.
More than 75 individuals and agencies have requested
materials for review. While the TechSpec program has
been an initial success, it has also revealed some key
barriers to optimal technology education. Examination
of the results of the TechSpec program has shown some
limitations in its ability to address training
deficits— limitations inherent in the scope of the pro-
gram. There may be, however, alternatives for extend-
ing training programs and requirements to address the
full need.

Background
For more than a decade, the assistive and rehabilitation
technology field has acknowledged that it needs more
and better methods for training practitioners to under-
stand technology and to be competent in its application.
Several years ago, a training program (TechSpec) was
begun at the University of Wisconsin- Madison. Its
objectives were 1) to improve the direct training of
technology to professionals entering the rehabilitation
and special education fields, and 2) to generate and dis-
seminate training materials which could be incorpo-
rated into other developing technology training
programs. The direct training initially targeted pre-
service occupational therapy students, with a later invi-
tation to individuals from other related professions.
The direct training component was divided into foun-
dation and specialty tracks. The foundation track pro-
vided technology coursework as electives for any
students. The specialty track, resembling a technology
minor, required a specific set of core courses and elec-
tives.

Objective
The TechSpec program aimed to have 20 -40 individuals
enrolled in the foundation training activities, and to
graduate 6 -15 technology specialists per year. In addi-
tion, it was hoped that 10 occupational therapy profes-
sional training programs would consider using the
technology curriculum materials developed in their own
development of new courses or technology training ac-
tivities. The work scope of the initial years of the pro-
ject was to formulate the new courses and develop
initial training materials. Later years were expected to
revise materials, update the curriculum, and increase
dissemination of information materials.

Methods /Approach
The TechSpec program contains six core courses:

6.1

1) Introduction to Assistive and Rehabilitation
Technologies,

2) Design and Human Disability and Aging,

3) Adaptation and Construction of Equipment for
Persons with Disabilities,

4) Technology Practicum,

5) Microcomputers and Software Applications for
Occupational Therapists, and

6) Independent Study.

All of these courses have been established, and taught
at least twice. In addition, a handful of elective courses
from departments such as Human Factors Engineering,
Computer Science, Physics, and Communication Disor-
ders are available to students. The specialty track
requires a 2 -3 year enrollment, due to coordination of
practicum scheduling with other professional fieldwork
commitments.

Several specific strategies were implemented in the
TechSpec program to accommodate projected problems
which might arise. These strategies included interdisci-
plinary learning opportunities, innovative scheduling,
and affiliation with several of the assistive and rehabil-
itation technology research and clinical programs on the
university campus.

Results
TechSpec is now in its third year. A total of 147 stu-
dents enrolled in the technology training courses during
the first two years (102 occupational therapy under-
graduates, 9 occupational therapy clinicians, 34 indus-
trial engineering students, and 2 students from other
related disciplines). In regard to the disseminable ma-
terials, more than 75 university curriculum programs
and individuals have requested copies of the course
guides and training materials.

The quality of the program is monitored, in part,
through two tests: 1) a tally of the students' own subjec-
tive perception of their knowledge, and 2) an objective
multiple- choice test. Both highlight the degree of suc-
cess for this training program. Figure 1 depicts student
scores on both subjective and objective tests at varying
stages of their coursework.

Data are also compared between technology specialist
students and the non - specialist students. These results
are shown in Figure 2. Graduating seniors from the
second year of the program demonstrate visible differ-
ences between the two groups. In this data set, the non-
specialist group contains students who may have had
some technology elective courses, but who are not en-
rolled in the specialty track. The technology specialists
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are those who have completed all of the core classroom
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1) Difficulty in scheduling fieldwork experiences:
Fieldwork experiences require a significant
amount of time, and are usually difficult to
schedule in and around required coursework for
a pre-professional training program such as
undergraduate occupational therapy.

2) The need to have two levels of pmcticum experi-
ences: an elementary exposure, where the stu-
dent observes a wide variety of technologies, as
well as longer, more intensive, full -time spe-
cialty and hands-on fieldwork experience. The
program's current requirements are for one
practicum experience. This falls one step short
of graduating therapists who are competent to
immediately move into technology application
in practice.

3) Technology practitioners need to have two levels
of academic preparation: One is needed for stu-
dents to develop an introductory technology
knowledge base, which covers the full range of
assistive and rehabilitation technologies being
used. The second is to facilitate the develop-
ment of practical skills. To do this, we have
found that students require additional intensive
training in a technology specialty area.

4) TechSpec is quite structured, and includes a
variety of laboratory and lecture/demonstration
courses. The opportunity to discuss issues re-
garding the application of specific technologies,
however, has not been incorporated. More
scholarly, seminar types of courses are felt to be
missing.

5) Adequate access to a variety of technology
equipment continues to tax even a campus
which already had substantial resources avail-
able. Assistive and rehabilitation technologies
require sufficient hands-on experiences for stu-
dents. This has been difficult to coordinate with
the research and clinical services using the
technologies.

6) The TechSpec program described is a 2 -3 year
program. This provides time for students to
integrate the technology they are learning, but
the educational experiences at times seem
shallow, as they spread over this extended time
period. Thus, we have noticed that both a
minimum level of intensity and a minimum time
frame are required to optimize the quantity and
quality of knowledge being conveyed and
integrated.

These problems stimulate several ideas for solution.

• Institutionalization of technology training at an
undergraduate level during basic rehabilitation,

Discussion special education, and engineering professional
The program has identified several problems which programs. These programs should be oriented
emerged over the first years of the program. These as technology minors, with the intent to lead
have stimulated suggestions about the field's current students toward more specialty technology
needs in technology training. Several of the needs and training later.
suggestions are briefly described here.

e Availability ,of master's level technology training
programs for individuals who already have a
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background in disabilities, rehabilitation and
education.

• Inclusion oftwo practicum experiences; an
observation - oriented introductory experience,
and a more intense, lengthy practicum
experience (6 -9 months of full -time work).

• Implementation ofinnovative access to technol-

ogyequipment. Ideas include video types of
coursework, computer- assisted education sys-
tems, and training equipment loan systems.

• Application oftraining over a 2 -3 year program,
but with an adequate intensity of learning expe-
riences throughout the time period. This is
consistent with the graduate program model.

• Linkingoftraining program design to ongoing
quality assurance and certification efforts in the
field.

Many of these points seem to indicate that more tech-
nology training is better. They also suggest that, as a
field, we may be under - estimating the education re-
quired to produce competent technology practitioners.
For the technology specialist, this has seemed to be
true.

On the other hand, there does seem to be an important
role for technology training programs, such as
TechSpec. A solid introduction to technology, to ac-
quaint students with potentials of technology, seems
imperative. Rehabilitation therapists, special educa-
tors, engineers, and others need a basic understanding
about the use of assistive and rehabilitation technology
for persons with disabilities. Programs which do this
provide the foundation for competent technology spe-
cialists who might attend master's degree technology
programs or subsequent intensive technology training
programs which then focus on specialty areas in
technology.
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ABST RACT

Each Rehabi litation Engineering  Center (REC)
sponsored  by the  National I ns ti tute on D isabi li ty and
Rehabi litation Research (NI DRR) has responded  to
NIDRR's mandate fo r inf ormation d issemination with an
individual approach. For mos t REC's , including  ours,
inf ormation dissemination was a new f ocus , requiring
much in the way of  s tart-up ac tivi ty. The response of
our REC was a ful l - f ledged, national inf ormation center.
Two years  and  one thousand requests later, we share
the methodo logy o f our approach and  our experience  to
ass ist othe rs involved  in start-up inf ormation
dissemination act ivit ies. We report our progress,
focussing  on the chal lenges  o f ob taining an optimal
balance between development and service del ive ry
activities.

BACKGROUND

In 1987 , the NIDRR, recognizing the  importance  of
inf ormation exchange in enhanc ing the deve lopment of
ass ist ive techno logy products and  se rvices, adop ted  a
pol icy mandating that it 's  REC's sponsor fo rmal
information d issemination act ivit ies. Histo rically, the
dissemination act ivi ties  of  most REC's was l imited  to
technical presentat ions or publ ications such as  fo rmal
papers and  p rogress  reports. While such d issemination
activit ies  were use ful, NIDRR's primary concern was that
specif ic  info rmation be made availab le to pe rsons  with
disabili ties in a usef ul format. As the stand -alone
conduit f or information d issemination activi ties at our
REC, we established the FES I nfo rmation Center in
December of 1988. The mission of the FES Information
Center is to serve as  the national resource f or
info rmation on Functional Electr ical St imulat ion (FES)
technology, p rovid ing an ob jec tive representation of  the
status  o f FES and part ic ipat ing in the  development and
evaluation o f FES products  and services.

OBJECTIVE

In its 1987 Request for Proposals for Rehab ilitation
Engineering  Cente rs, NIDRR provided general objectives
for each REC. In our case , we  were asked to
accomplish three tasks during  our f ive year f unding
cycle:

1)

2)

3)

70

Develop  and  maintain a comprehensive  inf ormation
base on FES.
Disseminate the  info rmation in an access ible f ormat
to persons  with d isabili ties, clinicians , Independent
Living p rograms , counselors , third  party payers,
researchers, and manuf ac turers.
Coord inate the col lation o f research data among
FES investigators, including related product
info rmation.

Our emphasis  thus  far has  been to develop a s trong
base which can readi ly support the  ongoing
maintenance activities critical to an inf ormation
dissemination prog ram.

METHODS

1. Conceptual Approach

The NIDRR provided the REC's with specif ic  details
about 'what ' type  o f inf ormation was  to be
disseminated and to 'whom ". I t was up to the REC's
to dete rmine 'how" best to accomplish that. Of the
numerous possib le responses, we op ted f or a
proactive approach which included the  concept of  a
'national' inf ormation cente r, offering 1 -800 telephone
access and provid ing detailed  coverage of
international research activit ies in FES. To enhance
the objectivity of  our program, we positioned the
Information Center as a stand -alone entity, d istinct
from the REC. To f urther enhance  our credibili ty,  we
aligned ourselves with the I ndependent L iving Center
in our area- an o rganization with much expertise in
information brokerage. This  approach was  particularly
effec tive in our case because it gave  us a high pro f ile
reputation for objectivity which was  lacking in the f ield
at the  time. It also made us more accessible to
outsiders with FES expertise aside  from that o f our
own REC. Finally, the 1 -800 service provided disabled
consumers with immed iate access to FES information
which was previously available to them only via
supermarke t tablo ids  and TV talk shows.

11. Operational Approach

Operational ly, the  Information Center concept was
chal leng ing  to imp lement. Although the  objectives
were clear, the 'Catch -22's' of information
dissemination became apparent to us early on. For
examp le , how do  you know what info rmation is
important to col lec t, unless you know what kind of
information people will request? And how do you
know what kind o f info rmation people will  request,
without giving them the  opportunity to  do so?
Certainly, a tho rough market research analysis  would
provide most of these answers, but would also be t ime
consuming  and costly. We adopted a parallel s trategy
whereby we address  each objective simultaneously,
f ine- tuning  our operations as  we learn by experience.
We felt  comfortable with this strategy, primarily
because competition was  not a b ig facto r in our
marketplace.

Collection. The s tart-up collec tion strategies we used
were conventional, yet effective. Our inclusion c riteria
has  evolved along the  way. We s tarted with the
personal libraries of  our REC col leagues and added to
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that information collected via a mail  survey to
professionals in the f ield. We also ut ilized the
Independent Living Center for gathering general
resource information of interest to individuals with
disabilities. Our ongo ing col lect ion activit ies include
regular scanning of  printed and  on -l ine sources. Due to
resource  constraints , we  de ferred our o riginal plan to
expand our co llec tion which called fo r ci tation analysis.
Our current co llec tion cons ists  of over f ive thousand
refe rences, many of  which are physical ly available  on
site.

Organization. Our parallel  approach required that we
have  the  abi lity, early on, to suff iciently catalog and
organize incoming info rmation. Therefore, we selected
commercial ly availab le, yet customizable , database
software for computer access. We contracted with an
inf ormation scientist to  se t up our cataloguing and
taxonomy schemes, making  use o f local focus groups  to
supply end user input into the  process. Our reference
materials are f iled by identif ication number in color -
coded folders. This system works  wel l fo r access  and
retrieval.

Format. We primarily provide printed output to our
clients in the f orm o f bib liographies , rep rints , and
information packets. Audiotape versions  of our in -house
publ icat ions are available and we  have a small lib rary of
videotapes. It is  clear that most o f the  read ily available
information on FES is  not in a fo rmat that is  ideally
suited to the lay consumer. We plan to  study the
particular needs o f this  lay consumer g roup in more
detail through a separately funded p roject.

Access /Dissemination. Initially,  access to  our cente r was
via our 1 -800 telephone service or the U.S. mail. We
have since  added TDD, FAX, and an electronic  bulletin
board system (BBS). The dissemination methods are
identical,  with the  addition of express mail provided at
the client's expense. Although our orig inal p lans called
for actual d issemination of  our compute r database,
accomplishment o f that objec tive  has  been postponed
indefinitely. I t is a task which requires  resources not
currently available to us,

Client Tracking. The  only database that we  deve loped
from scratch was our C lient Tracking  Sys tem. We
contracted with a compute r p rog rammer to imp lement a
system that would  allow us to reco rd, classif y, and
respond to  client inquiries. The system generates
statistical reports  of our request act ivities, useful for
funding agencies, and is also used  to  maintain our
mailing list. Due to resource cons traints, the  sys tem
was  developed befo re we had  much inf ormation and
referral experience. At this  time, it could be  made even
more  use ful with some enhancements.

DISCUSSION

There are  many issues  surrounding the development
and  operation o f an inf ormation dissemination
program; some are  typical and  othe rs  are program
specif ic. One  majo r issue  fo r us has been juggling
resource requirements in the  face  of f luctuating cl ient
demand. Demand peaks are  typically not predic tab le,
and are directly re lated to  promotional ac tivi ties  at the
national level. Such ac tivities, though welcome, are
often ini tiated by o the r organizations without our
knowledge  or advance  no tice. We have f ound that
media coverage of  FES activit ies can also  be a double
edged sword. While media coverage does promote
awareness, it o ften results in public b iases that are
dif f icul t to  remove and take  a s ignif icant amount of
time to resolve. Another issue  in the provision of
information services  is consumer involvement.
Consumer input has been an invaluable resource to us
in the development of our service of ferings. It is
availab le  to us  through our daily contac t with
consumers, through the  Independent Living Center,
and  through consumer info rmation exchange  fo rums.

Perf ormance evaluations  are  always an issue  in
information dissemination prog rams. We are
convinced that the util ity of perf ormance inf ormation is
always chang ing as a program g rows and develops.
In our case, we  have  f ound that at this  stage,
perfo rmance parameters such as vo lume of requests
received and staff  time required to  respond  are
perhaps  more  important than such measures  as  turn-
around  time. Finally, determining  how to ensure long-
term f inancial support f or an information dissemination
program is an issue f or every inf ormation
dissemination p rogram. To  relieve the Information
Center' s reliance on grant re lated funds, we intend  to
explo re co rporate sponsorship of our activities  and will
attempt to furthe r leverage our existing relat ionships
with interes ted organizations.
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6.3
TECHNOLOGY TRAINING: RESOURCES FOR THE TRAINER

Susan E. Elting and Nancy L. Meidenbauer
Center for Special Education Technology
The Council for Exceptional Children

Reston, VA

ABSTRACT

As part of its technology training theme,
the Center for Special Education Technology
has developed several information products
to assist trainers in planning and con-
ducting training programs. It has also
established a national trainer network to
provide support for the isolated tech-
nology trainer.

BACKGROUND

The Center for Special Education Technology
is a national information center funded by
the U.S. Department of Education, Office of
Special Education Programs. A major com-
ponent of the Center's services is its

indepth focus on identified themes in
special education technology. Technology
training is one of its current information
themes.

Training was chosen as a theme because the
need for information about training is
great. The rapid increase in the number of
devices and microcomputers has created a
shortage of trained personnel. If tech-
nology is to continue to be successfully
integrated into the curriculum, then
careful attention needs to be paid to the
training of classroom teachers, related
service personnel, and early intervention
specialists. Lack of sufficient technology
training may, in fact, impede effective
classroom use of technology.

DEVELOPMENT OF TRAINING RESOURCES

In June 1990, the Center conducted a
National Forum for Technology Trainers as
the kick off for the technology training
theme. Forty -five expert trainers attended
this invitational meeting to discuss issues
and concerns regarding infusing technology
in training programs. Several trainers
presented models they use for organizing
and implementing inservice and preservice
training.

Specific training resources have been
developed based on recommendations from
individual trainers, advisory board
deliberations, and planning committee
input. To date, the Center has developed a
series of publications which it hopes will

assist trainers plan and conduct technology
training programs.

It has also established a support network
of trainers to foster the exchange of
information among professional trainers.
Information gathered at the National Forum
meeting has been incorporated into the
various training resources developed by the
Center.

Publications
Videotapes, software, curriculum guides,
and textbooks that might be used for
special education technology training are
listed in the Directory of Technology
Training Materials , Materials encompass
awareness topics, how to use specific
hardware devices and software programs,

applications of computer technology in the
classroom, and assistive technology access
to learning topics.

Two guides provide practical how -to infor-
mation. The Trainer's Resource Guide:
Program Planning Ideas includes a
discussion of how to design a training
program, descriptions of models of several
inservice and preservice training programs,
and frank first hand accounts of lessons
learned from those who implemented the
programs. There is also a summary of
various published technology competencies.

The Trainer's Resource Guide: Trainine
Materials Design Guidelines offers helpful
hints for trainers wishing to design their
own training materials. Systematic design
and planning are stressed. Many guidelines
are included with more publications
referenced. Desktop publishing programs,
presentation software, and CAI and IVD
authoring software recommended by expert
trainers are listed.

The Comprehensive Assistive Technology.
Curriculum Outline: A Functional Student -
Centered Approach looks at technology use
as it relates to the skills students need
in school, to aid hearing, speaking,
writing, and reading. This outline can be
used by trainers to structure workshops or
augment existing courses. Topics are
organized in modules.

Training that commercial producers provide
is examined in the Fall 1990 issue of the
Center's The Marketplace: Publishers/
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Producers An Important Link to Technology
Training. It includes examples of how
commercial producers are providing training
and technical assistance to their clients.

The Center has compiled a Resource
Inventory of University -based Technology
Training Programs. This listing summarizes
the programs by state. Codes indicate the
type of degree granting special education
program for each institution, as well as
how training is presented (e.g., course,
independent study) and topics of
instruction (e.g., assistive technology,
instructional uses of computers).

Networks
The Center has newly established a trainer
network for university -based trainers and
is attempting to create another network for
inservice trainers. Members of the uni-
versity -based trainer network tend to be
isolated practitioners, infusing tech-
nology within existing courses at their
respective institutions. Members receive
new information products from the Center.
They also have access to the other

trainers in the network for mutual support
and encouragement. There are plans to
bring network members together at national
and regional meetings and via audio
conferences.

SUMMARY

Technology training will remain a critical
need for professionals working with special
education students. It is only by acknow-
ledging this need that resources can be
amassed to address this need.
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6.4
MSDOS-ABLDATA: An MS -DOS and screen reader compatible program

for retrieving information from ABLEDATA

Alan VanBierviiet & Gail L. Cox
Center for Research on Teaching and Learning

University of Arkansas at Little Rock
Little Rock, AR

Abstract Design

MSDOS - ABLEDATA was developed in order to pro-
vide easy access to the public domain ABLEDATA
database for persons who use computers with the MS-
DOS operating system. MSDOS - ABLEDATA was
designed to be compatible with screen reading soft-
ware which will enable the program to be used by blind
and sighted individuals. PC- ABLEDATA uses a simple
menu structure to provide easy access to the desired
data. The program incorporates most of the features of
Hyper - ABLEDATA, including modified Boolean
searching, saving and printing records, recording per-
sonal notes, and automatic letter generation.

Background

P.L. 100 -407, the Technology - Related Assistance for
Individuals  With Disabilit ies Actof1988, has resulted
in an increased awareness of the importance of the
dissemination of accurate information about assistive
technology to consumers and professionals. One solu-
tion to meeting this need has been the creation of
dozens of assistive technology information services
throughout the U.S. One of the most popular compo-
nents of these services is the Hyper - ABLEDATA
system. The Hyper- ABLEDATA system contains the
entire ABLEDATA rehabilitation and assistive tech-
nology database in a user - friendly format (Smith,
Vanderheiden, Berliss, and Angelo, 1989). Valuable
features of a distributed database like Hyper -
ABLEDATA are low cost, ease of use, and wide
availability.

Problem

Hyper - ABLEDATA version 2.0 includes voice access
capabilities and an excellent built -in help and training
system. Currently , it  is compatible only with the
Macintosh computer which presents some access
problems for persons who are visually impaired and
experienced with the MS -DOS system and screen
reading programs. The OutSpoken software program
combined with the Mac's built in screen enlarging
capabilities (i.e., C1oseView) greatly improves access
to the Mac's graphic interface. However, a wide vari-
ety of barriers still exist, for example, OutSpoken
currently does not work with HyperCardfiles or stacks.

MSDOS - ABLEDATA is designed to operate any MS-
DOS -based computer with at least 640k of RAM.
MSDOS- ABLEDATA uses the approach of a "current
list of records ". The operator can create a new list that
is based on the type of product, product name, or
manufacturer's name. The operator can also save any
list that he /she created and edit or print the list at a later
time. MSDOS- ABLEDATA uses a layered menu
structure to provide easy access to the desired informa-
tion. Four basic menus are used to create andmanipulate
each list, these are: List Creation/Selection, Product
Type Outline, List Management, and Special. Menu
items can be selected via cursor keys or by typing the
first letter of the desired menu item. The menu can be
terminated by selecting the EXIT selection or by
pressing the "ESCAPE" key. All menus in the program
operate in a similar manner.

When searching for a type of product, a screen appears
that provides an outline of general product types. The
operator can select one of these categories either by
cursor or by entering enough characters to make the
selection unique. The screen will clear and the selected
category will appear at the top of the screen and all
applicable subcategories will be presented as before.
This process continues until either the operatorpresses
"F2" or the end of the outline is reached. When an
outline category contains sublevels, it will be followed
with a " +" character. When this process is completed,
the List Management will be presented.

When searching for a manufacturer or a particular
product by name, the operator is prompted to enter the
desired name. Partial or whole names are acceptable
entries. The selected record will then be displayed on
the screen.

The List Management menu provides the operator
with the number of records that have been selected and
provides options to further restrict the current list.
Three basic Boolean operations are available to nar-
row the list, these are "and ", "or ", and "not ".The "and"
option allows the list to be narrowed by eliminating
records that do not contain both text strings listed in the
arguments. The "or" option eliminates records from
the list that do not contain at least one of the text strings
listed in the arguments. The "not" option will eliminate
records from the current list that do contain the text
string listed in the argument. The operator can also
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eliminate products from the current list that have been
discontinued by the manufacturer. The operator also
has the option to  save the current list for further
reference or printing.

The Special menu provides the options for notes,
printing formatted letters, and saving the current list.
Personnel notes or comments can be attached to any
record. Examples of notes could include a listing of
local representatives or vendors for a particular prod-
uct. A custom letter can be automatically printed to the
manufacturer or the inquirer. The current list can also
be saved to disk in a text file, perhaps for printing at a
later time, or an unformated file can saved for use with
a Braille translation program.

Evaluation

At periodic points throughout the development of
MSDOS- ABLEDATA, experienced computer users
who use screen reading programs to access digital
information were consulted regarding the operation
and features of the program. These hands -on tests led
to a number of design improvements. MSDOS-
ABLEDATA is currently undergoing a systematic
evaluation in preparation for multi-site field testing.
An important test that is underway is to comparing the
time identical searches take using Hyper- ABLEDATA
and MSDOS- ABLEDATA. These tests are also com-
paring the lists of products found using the same search
criteria.
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7.1 UTILIZING TECHNOLOGY
IN THE

VOCATIONAL REHABILITATION PROCESS

Anthony J. Langton
Center For Rehabilitation Technology Services

South Carolina Vocational Rehabilitation Department

ABSTRACT

Use of assistive technology resources and services within
vocational rehabilitation programs was analyzed. A study
group consisting of rehabilitation case management staff and
technology specialists identifiedkey decision points and service
activities to determine where technology services should be
utilized. Nine TECH POINTS were identified and are briefly
explained. Additional considerations for further work are dis-
cussed.

BACKGROUND

Determining vocational potential remains one of the most
challenging and important aspects of rehabilitation services.
Vocational rehabilitation counselors are expected to make
eligibility decisions and determine if an individual has a "rea-
sonable expectation' to benefit from rehabilitation services.

Rehabilitation engineering technology must play a key role in
this process. Technology resources can be beneficial to a large
number of rehabilitation clients, particularly those individuals
with severe disabilities. Although widely acknowledged as
important, little in the way of a systematic strategy on how to
integrate technology into the rehabilitation services process has
been presented.

Mandates for use of technology

The 1986 Amendments to the Rehabilitation Act, Public Law
99 -506, for the first time specifically mentioned "rehabilitation
engineering" as a service which should be made available.
With passage of Public Law 100 -107, TheTechnology— Related
Assistance for Individuals with Disabilities Act of 1988, the
federal government echoed its recognition that all people with
disabilities can benefit from technology ( American Rehabili-
tation, 1990).

Earlier, in 1973, passage of the Rehabilitation Act Amend-
ments directed vocational rehabilitation programs to initiate
programming designed to focus services on the needs of those
individuals with severe disabilities. The Rehabilitation Services
Administration (RSA) has continued to make it clear that
rehabilitation engineering technology is an essential resource
needed for the severely disabled and other rehabilitation clients
(RSA, 1990).

Vocational Rehabilitation Process

Services delivered through vocational rehabilitation agencies
follow standardized case management procedures. Compre-
hensive rehabilitation services are comprised of a large number
of sequential activities which are individualized to meet the
needs of specific clients. Figurel illustrates the overall voca-

tional rehabilitation process. Technology and technology
related services are, or should be, an important partofmanyof
these activities.

PROBLEM

The use of technology resources within the rehabilitation
process remains limited. Technology and technology related
services have yet to be clearly defined by many vocational
rehabilitation agencies. Often the technology services which
are provided are not effectively integrated into regular case
management activities. When utilized, rehabilitation engi-
neering services are most commonly considered during
placement activities in the latter stages of the rehabilitation
process (IRI, 1986).

Case management staff often do not have a sufficient under-
standing of when or how technology should be utilized. As a
resulttechnologyresources are often notconsidered. Individuals
who may have vocational potential could be determined to lack
eligibility because the capability of technology to reduce
handicapping conditions and increase performance is not
considered.

METHODOLOGY

Although vocational rehabilitation programs differ in their
resources and specific policies, they operate within the same
guidelines and generally follow similar procedures. This
project looked at the overall rehabilitation process to develop
a method(s) to better integrate technology services. A study
group of rehabilitation case management staff and technology
specialists met to determine when and where technology
resources should be utilized. Findings from this group were
then compared with VR case status activities.

RESULTS

Nine separate places in the rehabilitation process were identified
where consideration of the use of technology or technology
related services should take place. These points each represent
decision points where technology resources/services could be
recommended orphases of services where technology resources
could be appropriate.

TECH POINTS

The TECH POINTS are briefly outlined indicating questions
or considerations that should be made regarding the possible
application of technology services. Reference is given to VR
case status numbers, such as (02), where appropriate. Figure
1 also shows locations of theTECH POINTS within the overall
rehabilitation process.

76 RE SNA 1 4th  ANNUAL  CONF ERE NCE • KANSAS CI TY,  MO. 1 991



Utilizing Technology in theVocational Rehabilitation Process

Ev a lua t io n p h as e  : Can this individual be

n
O

REFERRAL 2
evaluated with standard assessment procedures?

TECH POINT
Will any accommodationsbeneededto thoroughly
assess the individuals capabilities and effectively

TECH PO I N T determine vocationalpotential? Assistive aids and
n

APPLICANT devices for communication, mobility, manipula-
tion,writing and other tack performance should be
available as part of the evaluation. Individuals

EVALUATION needing in depth technology assessments should
T E C H P O I N T be referred for extended evalua tion.

NO ELIGIBLE YES

M BE
Ext en d ed  E valua tio n (06 ): Resources of a
technology team should be available to provide

EKTH� 101:o O
3 specialized technology assessments. Technical

EVALUATION assistance from rehabilitation engineers or other
T E C H P O I N T TECH PO I NT technology s pecialists should be available as

EVALUATION © needed. Determination of "reasonable expecta-
tion" should include consideration of technology

10 TECH POINT
rCSOnrCeS.

CLOSURE ELIGIBLE YES RNRP -  -  -  
WELOPMBa

NYRP
WHEN

O O Closed�Non�—�feasible�(08):�Prior�to�being�de-
termined ineligible, the functional problems en-

ruEffr� countered and the utilization made of assistive
T E C H  P O I N T

technology resources and services should be indi-

J
TECH PO I NT cated. Consultation with the Technology TeamnvnP _  _  _

OOtRETEo
should be done prior to closure.Information from
this consultation should be sent with referral to
a l t e r n a t i v e  r e s o u r c e s  o r  f o r  c o n s i d e r a t i o n s  f o r  i n -

14 1 6 1 8
6

CA O PR T T E C H P O I N T
dependent  living s ervices.

NET WORK No m° xa
YET REA° Y? LIKELY CLOSURE

C

O P lan Development (10): The IndividuallyWritten
Rehabili tati on Pl an (IWRP)  should identify as-

zA #
J sistive technol ogy and techn ology rel ated ser-

READY FOR II T E C H P O I N T vices nece ssa ry to ac hi e ve vocat iona l go als.
_ _  _ _  _NfffTEMR ° EMPLOYMENT —�i Documentation of spec ific  typ es o f services

needed and equipment options for consideration

PLACEMENT

O I
are necessary.

T E C H P O I N T

N _ J Planned Services (14,16,18): Technology
—�_�_�—�_EMPLOYMENT c

O
resources or services needed to complete training

V or physical restoration should be provided Ac-
-  L L O- U P

®
T E CH P O INT c ommodationsare likelytobe necessary for school

activities or independent living issues. Access to
T E C H P O I N T archabilit ationengineerorotherTechnologyTeam

` - R E s
CLOSURE

members should be available for problem solving.

No te : F lo w c har t  ta ken
O EMPLOY" Placement Phase (20): What technology

are thereforplacement? Accommodations needed
SERVICESfrom Rehabilitation T E C H P O I N T are likely to include work site modification, inde-

Co un s e l i n g • Ba s i c s  a n d T E C H P O I N T
pendent living assistance, custom equipment de-

Beyond (1987) SERVICES velopment, transportation/mobility, etc. Problem
sol vi ng as we ll  as fabr icati on r es ourc es  would

u
CLOSURE

need to  be available. Access t o the Te chnology
Team or individual technology speciali sts would
IOC regUlTCd

Figure 1
Vo c atio nal Rehabilitat io n Cas e Management

O
Follow�—up� (22): Follow�—up�should�be�pro�-

Flo w Chart 8 vided o n the per fo rmance of  s pe ci fic  ass is ti ve

Ini t i al Re f e r r a l (02): Dur ing prel imi na r y T E C H P O I N T
aids /devices or work site accommodations made.
During trial placement periods, problems (if any)

contact  with i ndividual s se eki ng r ehabi li tati on
O

should be identified and determination ofneed for

1 services couns elors sho ul d ques t io n whe ther technology support resources made. Site visit by
TE C H P O I N T technol ogy res ources could be of be nefit. This technology specialist may be necessary.

sho uld i ncl ude  c ommuni catio n, mo bil ity, envi-
ronmental control, work station adaptations or any
other aspect of assistive technology. Individuals P o s t  Em pl o ym e n t  S e r vi c e s  ( 3 2 ) :  S up p o r t

shout dnotbedeniedservicesorreferredel sewhere
9 should be provided fo r maintenance or  repair of

withouta basic technology consultation. Thismay
T E C H P O I N T

aids or devices.  Arrangement for  replacement of
require  se rvi ces  of a r ehabil itation engineer  or equipment or pr ovisi on of  t echni cal ass ist ance
other technology specialist. should be available.

R ESNA 14th  ANNUAL C ONFER ENC E • KANSAS C ITY,  MO.  1991 77



Utilizing Technology in theVocational Rehabilitation Process

CONCLUSION

The integration of TECH POINTS within the case management
process should enable vocational rehabilitation agencies to better
identify when they should use technology services and more
accurately determine what technology services their clients need.
Development of speck questions and procedures at each point
will depend on resources available within particular vocational
rehabilitation programs. Tracking of technology iesouree /service
activity at each point will enable programs to more effectively
evaluate its benefits and cost - effectiveness.

The following information summarizes additional considerations
which shouldbe taken into account whenimplementing the "Tech
Points" approach:

Key Decision Points

In all rehabilitation programs the delivery of rehabilitation ser-
vices relies heavily on the capability of the vocational rehabilitation
counselor to work with the client to identify feasible goals and to
develop a workable plan to achieve these goals. Critical decisions
during the evaluation, individual written plan development and
work readiness phases of the rehabilitation process were identi-
fied as primary points where technology resources should be
emphasized.

Continuous Process

The problem solving and support available from technology
services should remain available throughout the rehabilitation
process. The identification of specific "check points" was devel-
oped as a way to assist case management staff in monitoring the
utilization of technology. It is important that technology services
and resources be considered anytime during the rehabilitation
process.

Population Considerations

Decisions on the use of technology obviously must depend
primarily on the specific needs of the individual. Depending on
the nature of a person's disability and functional limitations, the
need and scheduling of technology intervention will vary. While
not as obvious, utilization of assistive technology with non-
physically disabled populations may still be necessary depending
on functional limitations.

Rok of Staff

Determining whether technology resources should be utilized
remains primarily the responsibility of the vocational rehabilita-
tion counselor. As case manager, the rehabilitation counselor
needs to have, 1) a basic understanding of assistive technology
and 2) access to technology support staff. Utilization of reha-
bilitation engineers or other technology specialists as part of a
"technology team" should be available to assist at these various
points.

Time Frames

Availability of technology support staff and turn around time are
important variables in the successful integration of technology
services. Response time to requests should fall within the agency
guidelines for length of time which individual clients normally
remain in particular statuses. Utilization of extended service
options may be necessary.

Need forTraining

Developing a general awareness of assistive technology for all
case management is important for the TECH POINT approach to
be successful. Specific training materials describing questions to
be asked and resources available will also be necessary.
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COOPERATIVE SERVICE DELIVERY: A COST-EFFECTIVE STRATEGY

Lydia S. Gaster, , Anthony J. Langton and Lawrence H. Trachtman
Center for Rehabilitation Technology Services

South Carolina Vocational Rehabilitation Department
West Columbia, South Carolina

ABST RAC T

Delivering assistive technology services requires an extensive
investment of staff and equipment on the part of individual
agenciesandprograms. The Centerfor RehabilitationTechnol-
ogy Services has designed a service delivery model to reduce
the costs incurred by individual programs. Cooperative agree-
ments between a host and a number of affiliate programs were
used to establish the base for a comprehensive assistive technol-
ogy clinic. Projected cost comparisons indicate this approach
will reduce costs to individual programs by as much as two -
thirds or more. Additional incentives for participating include
staff training opportuni des, access to atechnology team and the
opportunity to utilize assistive aids and devices.

INTRODUCTION

The field of assistive technology constantly struggles to over-
come reimbursement problems related to services and equip-
ment costs. The high cost of experienced clinicians and
engineers coupled with assistive technology's labor— intensive
nature prevents many agencies from providing such programs.
An assistive technology cooperative provides a potential solu-
tion to this dilemma. Such an organization may consist of
several area agencies and health care facilities sharing the
expense of assistive technology services. Byjoiningacoopera-
fve, a facility can access assistive technology services for less
than a third of the cost of starting and supporting a program on
its own.

The Greenville Assistive Technology Cooperative (GATC)
located in Greenville, South Carolina, provides an example of
such a cooperative. The cooperative consists of several health
care facilities, the local school system, the Easter Seal Society,
Vocational Rehabilitation, local medical equipment dealers
and the Department of Mental Retardation.

BACKGROUND

The Greenville Assistive Technology Cooperative was orga-
nized as a project to study alternative service delivery systems,
South Carolina's Piedmont area was chosen as the test site
because it possesses the state's highest concentration of assistive
technology expertise. Many of the "grass roots efforts" to
provide assistive technology services started in this region. The
Cooperative will be replicated in South Carolina's remaining
three regions: Midlands (Columbia area), Pee Dee (Florence
area) and Low Country (Charleston area). As seen in Figure 1.,
these cooperatives will form the hub of each region's service
delivery activity and together provide statewide coverage.

7. 2

Figure  1. Regional Service  Areas

Prior to the Center for Rehabilitation Technology Services'
efforts, little had occurred to develop and expand assistive
technology services. Service provision in the region has been
fragmented at best. Programming within individual agencies
was frequently delivered by staff with limited specialized
training in assistive technology. Those programs with staff
who had specialization in areas of assistive technology were
limited in most cases by available resources.

The Cooperative's evolutionary process has taken many turns.
Extensive ground work was required to "sell" the concept tothe
various supporting agencies. Differences in missions and
unique problems produced many issues requiring individual
attention. It was vital to understand each agency's financial
structure and mandate so that it may "profit" by being affiliated
with the Cooperative. For example, some agencies can bill
third —party payors for the services they buy through the Co-
operative; others benefit because they pay less for assistive
technology services through the Cooperative.

Host/Affiliate Relationship

A simple host and affiliate relationship was proposed to inter-
ested programs and agencies. The "host" facility provides
space and operational support to the technology clinic while
contributing a limited amount of staff time as well. "Affiliate"
members contribute staff time and assistive technology
equipment. Involvement as either host or affiliate members
entitles access to training resources and equipment demon-
stration and try-out.

Local Ownership /Control

A fundamental concept emphasized from the onset was the
importance of gaining a commitment from local service pro-
viders. In order to foster this, a free standing advisory board
comprised of representatives from each participating program
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and agency was implemented with authority to monitor the
technology clinic operation. Initiation of non —profit status was
also begun to enable the Cooperative to remain flexible and
possibly seek outside funding from a local foundation or service
club.

Coordinator Positron

Implementation of the technology clinic portion of the Coop-
erative required immediate availability of a "coordinator" to
attend to specific details such as scheduling, locating funding,
marketing, and team coordination. While it would have been
desirable for this individual to have their own technical exper-
tise it was felt that it was more important that this person be
knowledgeable of overall service delivery and funding aware-
ness. The technical skills necessary for clinic operation could
be provided by staff from host or affiliate members.

METHODOLOGY

Several steps led to the Cooperative's development. The first
step was to create an advisory board consisting of individuals
from various community agencies. This was crucial as the
cooperative's success hinged on a commitment from adminis-
trative personnel within the member agencies. An integral part
of the advisory group included direct consumer representation
to increase  awareness  of consumer needs . Next, the
Cooperative's basic structure emerged through numerous advi-
sory board meetings. A" hos t"facility was sought as the site for
the clinical activities. Once the host facility was established
other programs and agencies became participating "affiliates."
Much of the financial support for start—up activities came as in—
kind support from the host and affiliate agencies. The Center
for Rehabilitation Technology Services (CRTS) served as the
catalyst for the development of the project.

Other steps crucial to the Cooperative's organization included
written cooperative agreements, formal development of a
governing board, obtaining non — profit status, the development
of revenue — producing activities and marketing and outreach
activities.

Participating Members

Delivering comprehensive assistive technology services re-
quired access to staff with varying areas of expertise and
specialized equipment. In identifying prospective members,
agencies and programs with resources benefiting the cooperative
as a whole were invited. Figure 2. shows the member types the
cooperative sought.

a V t org..b d.m
A g - 1 -

P,ov idvs

A r u n
TaLndou

Servim

enamor
p:gnipmen, C e w l t a t ,
Suppliers

V o i m t  r .

Figure 2.  Ass is tiv e Technology Cooperativ e

Memb ers

Cooperative Agreements

Developing specific cooperative agreements for each partici-
pating program was an important step. Representatives from
host and affiliate programs provided extensive input into the
development of these agreements. Despite initial expressions
of support from programs and agencies, considerable questions
surfaced when each participant was faced with a written agree-
ment requiring staff and resource commitment. It became
necessary to set general participation guidelines and to "tailor"
these agreements to address individualized needs. This flex-
ibility and need to "negotiate" proved critical to initialing
services.

Service Parameters

Selection of what services to offer was influenced primarily by
the anticipated ease of reimbursement. Services included
prescriptive and evaluative activities in the areas of seating/
positioning, environmental control, augmentative communi-
cation and computer access. It was immediately realized that
capability for fabrication, development of custom devices, and
providing the full range of services would eventually need to be
included. Expansion will be attempted once a stable service
base is in place.

RES ULT S

Cooperative activities were initiated in January 1990. Pardei-
pants in the Cooperative included:

Host Affiliates

Greenville General Hospital -Center for Developmental
Pediatrics

(Greenville Hospital System) *Greenville County Public
Schools

-Roger C. Peace Rehabilidon
Hospital

-SC Vocational Rehabilition
-American Rehabilitation
(DME)

-Carolina Homecare (DME)

-Department of Mental
Retardation

-Center for Rehabilitation
-Technology Services
•Shriner's Hospital
-Easier Seals Society
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Projected Cost Comparisons

Preliminary cost analysis underscores the potential of the
cooperative to be a cost effective model for delivering assistive
technology services. Significant personnel (labor) and facility
(rent) savings can be realized through the advantage of a
cooperative arrangement. Figure 3. shows the projected
monthly cost savings of the cooperative model over atraditional
service delivery model.

Labor Rent Other Costs

Traditional
Model

Cooperative
Model

Figure 3. Projected Cost Comparisions

Figure 4. shows the comparison of contributed value between
the host and the affiliates. The host portion of the graph repre-
sents office space and staff contribution. The affiliate portion
indicates staff and equipment contributions.

0 Affiliate

71 Host

Figure 4. Affiliates and Hosts

DISCUSSION

A cooperative model is proposed as a way to provide financially
feasible, low - volume services requiring a high degree of exper-
tise. A cooperative can work as long as the benefits outweigh
the costs of affiliation. Any staff time donated byafliliatesmust
be counter - balanced by some amount of financial recovery or
staff training. Cooperative affiliation must also be perceived as
a staff recruitment tool and should produce positive public
relations. Participation should also offer member agencies
access to skilled professionals difficult to recruit such as reha-

bilitation engineers and other technology specialists. When the
proper balance is struck, a cooperative may be one solution to the
financial problems plaguing most service delivery programs.

One important factor that must exist in the early stages of a
cooperative is the availability of a "facilitator" to pull the various
programs and agencies together. This type of delivery approach
depends on a significant contribution of time on the part of staff
from a key program, in this case the Center for Rehabilitation
Technology Services, for the concept to be "sold" to interested
groups. Asnoted with theHasbro-Alabama Positioning Network
(1989), it is imperative that this leadership responsibility be
provided in order for implementation to be successful.

CONCLUSIONS

It is tooearly to draw any firm conclusions or to predict whether
this approach will be successful in the long run. Preliminary
indications reveal that the concept, although simplistic and new
to assistive technology, offers sufficient merit for consideration
as an alternative delivery model.
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7.3
Development of a Model Rehabilitation Engineering Program

Rory Cooper, Al Cook, and Tom Grey
Rehabilitation Engineering Program and Assistive Device Center

Department of Electrical and Electronic Engineering
California State University, Sacramento

ABSTRACT

For years innovative health care
providers and persons with
disabilities have selected,
modified, and developed
technological devices to meet
the needs of persons with
disabilities. These people are
still invaluable to the
rehabilitation process; however
with the increasing complexity
of technology and the potential
benefit to persons with
disabilities there is an
increasing need for formal
training of rehabilitation
engineers.

Backg round

The enactment of two Federal Laws
(PL 99 -506 and PL 100 -407 in 1988)
as amendments to the Rehabilitation
Act of 1973 show that persons with
disabilities are drastically in need
of assistive technologies and are
not able to obtain them. Under these
laws each state vocational
rehabilitation plan must include the
provision for rehabilitation
engineering services. This
requirement should create a greater
demand for rehabilitation engineers.

Statement of the Problem

A recent State of California Report
(California Application, 1989)
estimates that at least 809,729
persons in California are in need of
assistive technologies, most of whom
have needs which are unmet or are
met inadequately.

Appr oach

We are developing a curriculum for a
rehabilitation engineering
concentration within our biomedical
engineering program which will lead
to an MS (Biomedical Engineering)
degree with a Certificate in
Rehabilitation Engineering. The
curriculum includes basic coursework
in biomedical engineering, formal
courses in rehabilitation

engineering (including
laboratories), research experience,
clinical experience, and fieldwork.
The curriculum provides a well
rounded program in rehabilitation
engineering with some freedom to
specialize in one of several
specific areas of interest (e.g.,
wheeled mobility, seating and
positioning, augmentative
communication, computer access, or
robotics). This program includes a
formal clinical experience in
rehabilitation engineering involving
a wide variety of clinical and
programmatic environments.

Stipends are awarded to five (5)
students each year from project
funds. in addition, students are
supported as interns in the
Assistive Device Center, as research
assistants, and as teaching
assistants.

Students receive a balanced
education in biomedical engineering
by taking courses in Bioengineering
Analysis, Bioelectric Phenomena,
Homeostatic Transport Systems,
Engineering Applied to Body
Materials and Fluids, and Human
Performance and Disability. Students
in the rehabilitation engineering
program take courses in
neuroscience, and systematic
physiology. An assistive technolgy
seminar addresses major issues in
rehabilitation engineering. The
students also perform research under
the guidance of one of the faculty
members and prepare a thesis for
submission to the faculty. To
receive the rehabilitation
engineering certificate, in addition
to the M.S.(BME) degree, the
students must complete an internal
and external fieldwork in
rehabilitation engineering,
satisfactorily complete a course in
rehabilitatin engineering design,
and successfully pass a
comprehensive examination on
rehabilitation engineering
principles and practices.
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The rehabilitation engineering
courses provide broad coverage of
rehabilitation engineering. Students
are introduced to assistive
technologies, assessment for
prescription and provision of
appropriate devices. They also
become familiar with human
performance engineering, the nature,
types and effects of disabilities,
and the role of assistive technology
in ameliorating disability in
computer access, communication,
environmental control and sensory
loss. The aspects of designing,
developing and manufacturing
assistive devices and technology for
mobility, transportation, and
manipulation (including robotics)
are presented in rehabilitation
engineering design. Social,
political, legal, and present
research areas are discussed in the
assistive technolgy seminar. Experts
in rehabilitation and public policy
regularly make presentations to the
students and faculty in the seminar.

assistive Device Center (ADC) Field

Work

A major shortcomming in
rehabilitation engineering training
is the absence of a formal clinical
fieldwork experience. All of the
students in the rehabilitation
engineering program participate in a
one semester fieldwork rotation in
the ADC. During the student's
internship at the ADC he /she spends
time working in each of the major
service areas: Wheeled mobility,
seating and positioning,
augmentative communication, computer
access. Weekly meetings are held to
monitor progress and answer
questions. All Students are required
to attend regular C:_ient Services
meetings with the staff of the ADC,
which includes rehabilitation
engineers, occupational therapists
and speech and language
pathologists. This helps to foster a
transdisciplinary approach.

After a student has had some
experience in the ADC, he /she is
assigned to one or two clients. Each
student is responsible for ordering
the appropriate assistive technolgy
for their clients based on team
recommendations. The student then
delivers the assistive technology,

makes any adaptions, and trains the
client and support team in its use.

External Field Work

Each student in the rehabilitation
engineering program participates in
a summer internship program in a
hospital, rehabilitation center, or
a community based center for
assistive technology. Students are
responsible for observing the
assessment of clients and the
evaluation of appropriate assistive
technologies, and they are exposed
to the administration of
rehabilitation engineering services
in each setting. Students rotate
through the various offices of the
agency, learning the
responsibilities of each of the
offices first -hand. Students again
experience a team approach to client
assessment and rehabilitation
engineering services.

Rehabilitation Engineering Field
Placement Trainina Manual

In order to formalize the fieldwork
training a Fieldwork Training Manual
is being developed. The manual will
consist of seven major sections: (1)
Procedures used in rehabilitation
engineering services, (2)
observation and interview skills,
(3) Assessment and evaluation
skills, (4) Recommendation and
evaluation of technology, (5)
Implementation of appropriate
assistive technolgy, (6) Training of
clients and other rehabilitation
professionals, and (7) Follow -up.

Faculty Guided Student Research

Each student is required to
participate in a faculty sponsored
state -of- the -art research project in
some area of rehabilitation
engineering. The student is expected
to make an original contribution to
the field of rehabilitation
engineering, and to learn basic
research methods. Student research
is supervised by faculty in the
biomedical engineering program.
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I m p l i c a t i o n s

Th e  s u cc e s s  of  t h i s  p r o g r am  w i l l

yield the following:

1. A model program for the training
of rehabilitation engineers which
provides the necessary theory,
clinical skills and
research /development experience for
successful practice in
rehabilitation engineering.

2. A model structured and systematic
fieldwork experience in
rehabilitation engineering leading
to the development of the pre-
requisites for clinical practice in
rehabilitation engineering.

3. A model research environment
which will foster research and
development skills in rehabilitation
engineering graduates and provide
the basis for future contributions
to this field.

Discu ssion

Our goal is to develop a
rehabilitation engineering program
that will produce effective
rehabilitation engineers. To this
end, we require students to learn a
number of skills, and we expose them
in a formal manner to a variety of
rehabilitation engineering settings.
We teach students the
multidisiplinary nature of
rehabilitation engineering, and the
importance of working within a team.
The program is in development;
however, we are confident of its
eminent success.
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COMPREHENSIVE REHABILITATION TECHNOLOGY
SERVICE DELIVERY MODEL

UTILIZING SPEECH RECOGNITION TECHNOLOGY
D a v i d  M . H o r o w i t z

M a r i l y n L a s h
Re h a b il i t a t io n  E n g in e e r in g  P r o g r a m

De p a r tme n t  o f  R eh a b il it a t io n  Me d ic in e
T u ft s  Univ er s it y S c h o o l o f Me d ic in e

ABS TRACT

A recently initiated  c omprehens ive rehabilitation tec hnology
servic e delivery model is presented . The intent of the mod el is
to  inc rease the availability of reliab le and  durab le as sis tive
technology that addresses the complex technology- related needs
of ind ivid uals with d is ab ilit ies . The mo del b rings  to b ear
imp o rtant tec hno logic al and  ind us trial ad vanc es  in sp eec h
reco gnit ion. Speech recognition technolo gy permits co mputer
ac cess  for ind ivid uals  who  c an not use a s tand ard co mp uter
keybo ard d ue to neuro mus c ular imp airment. Trad it io nally,
individuals unable to ac cess a computer keyboard  were locked
out o f the work fo rc e. Sp eech reco gnit io n tec hnolo gy as a
co mp uter ad ap tatio n p ro vid es  the means  to  eliminate this
barrier. However, the model does not profess technology to be
the s o le s o lutio n in rehab ilitat io n. T he mo d el go e s  well
beyond the trad it io nal ap p ro ac hes to ap p lying sp eech
rec o gnit io n to rehab ilitat io n whic h often results in the
purchase of the d evice but not employment. The mo del b rings
to get her t he s k ills o f a  Univer s ity  Ba s ed  Reha b il itat io n
Engineering P ro gram,  the S tate Vo c atio nal Rehab ilitat io n
Commiss ion,  and the S tate P roject with Indus try (PWI). The
co llabo rative effort  results  in a p ro gram whic h matc hes  the
strengths of clients  with the emplo yment o pp ortunities  in the
state. Sp eec h rec ognitio n techno lo gy p rovides  ind ivid uals
with severe d is abilities with the nec ess ary means  to  access  a
computer in o rder to utilize their skills to  accomplish a job.

BACKGROUND

T here  are  650 ,000  ind ivid uals in the Un ited  S tate s  who
exp erien c e c o mp lete p a ralys is o f  a ll  e xt re mities due to
cond itions  which inc lude cereb ral palsy,  mus cular dystrop hy,
spinal co rd  injury, multiple sc leros is,  arthrogryp osis,  as  well
as  o ther neuromus cular d is ord ers (s ource fro m Was hingto n
D.C. , Data on Disability fro m the Natio nal Health Interview
Survey 1983 -85). Of the 57,499 currently active cas es lis ted
with o ne no rtheastern state, 403 individuals  are q uadriplegic.
In view of these stunning s tatis tics, there are many individuals
who c o uld  b e nef it  f ro m speech reco gnit io n techno lo gy.
S p eec h rec o gnit io n tec hno lo g y o ffers  a natural means  o f
c o mp uter c o ntro l for peop le with writ ing imp airments .
Instead of typing,  it allows individuals to sp eak to  a computer
to dictate corresp ondence o r operate software. Eliminating the
need  to  typ e,  ind iv id uals  who  a re q ua d rip le gic  fa c e new
opportunit ies to utilize their intellectual c apacities.

There is little d isc us sio n in the rehab ilitatio n literature o n the
vocational applications of speech recognition.

However, there have been several product announcements. For
example, the Prabb Command  2 is a s mall vo cab ulary speech
rec ognizer that  has  been marketed to  enhanc e the vo cational
competitivenes s o f p eo ple with severe d isabilit ies  [3]. There
is  mentio n o f the ab ility to  us e the P rab b Co mmand  2 in a
variety o f jo b  s ites . Ho wever,  there is  no  d is c us sio n o f a
model fo r client training or for client/employer matching.

A s earch in the rehabilitation engineering literature p rod uc ed
only a review o f s peech reco gnition devices  [14], rep orts on
speech reco gnit ion as an input fo r environmental co ntrol [15]
and for rob otic work stations [4, 17, 7]. There have also been
repo rts  on the utilization o f s peech reco gnit ion fo r Co mputer
Aided Drafting [61 and for wheel -chair operation [11]. In fact,

7.4

in a rec ent review article o n the us e o f speec h tec hno lo gy by
p eo p le with dis ab ilit ies [8],  there is  no  men tio n o f any
vocational applications of s peech rec ognition.  In addit ion, in a
stud y to eva lua te as s is t ive d evic es by the Natio nal
Rehab ilitatio n Hos p ital REC

on

Evaluation of T echnolo gy,
cons umers were surveyed  in eleven categories [1],  but speech
rec ognit ion tec hno logy was reviewed  o nly as  an aid  fo r the
deaf.

Dis c us s io ns  wit h me mb e rs  o f RE Cs  wo rk ing to  d eve lo p
and/or transfer technology reveal the reason for this shortage in
the literature [16,  10, 21. Altho ugh the ob jective o f many of
the RECs  is  to  p ro vid e effec tive ap p lic atio ns  o f as s is t ive
tec hno lo gy to ind ivid uals with dis abilities , no REC is
currently actively working on s peech rec ognit ion as ap plied to
vo catio nal rehab ilitation. Fo r example,  at  the T rac e Center
REC on Ac ces s to Computers  and Electronic Equipment, the
foc us  is on the res earch and  d evelop ment of c ommunication
devices and access to computers using mo dified keyboards [9,
2]. The Trace Center 's  wo rk is  aimed primarily at  ass ist ing
peop le with cereb ral palsy and others who  are no n - verbal or
speech impaired  and  may be inappro priate for tod ay's  speech
reco gnit ion systems.

Although there has  b een discussion of the b enefits o f s peech
rec o gnit io n tec h no lo gy t o  s erve the vo c atio n al need s  o f
persons  with severe disabilities , the technology has not served
all tho s e who  c o uld  p o tentially b enefit  fro m it . With the
introduction of large vocabulary speech recognition technology
in 1985, rehab il itat io n pro fes sio nals antic ip ated very
op timis tic  res ults  o n the numb er o f ind ivid uals who  wo uld
return to work [12]. Although many individuals ac quired  o r
purchas ed  exp ensive tec hnology, only a s mall p ercentage of
those individuals who received speech recognizers are currently
emp loyed . P art  o f the p ro b lem lies  with the fac t  that  the
tec hnolo gy has not b een ready fo r d is tribution to  individ uals
who are quad riplegic . When the tec hno lo gy emerged in the
mid  1980' s ,  it  d id  no t c o me with any ap p licatio ns . Those
applications that were subsequently developed and vocationally
us eful co uld no t be dis trib uted becaus e of lac k of
unders tand ing how they might b e integrated in to  voc atio nal
rehab ilitat io n plans . Often, ind ivid uals rec eiving the
tec hnolo gy remained  unemp lo yed . Des pite the imp res sive
ac h iev eme nts in large vo c ab ulary sp eech rec o gnit io n
techno lo gy, there are three reas ons why this tec hnology has
had  s o lit t le  imp a c t o n the n umb e rs  o f  ind ivid u als  with
quadriplegia returning to work:

(1) There has  been no sys tematic pro ced ure fo r assessing
clients and identifying employers.

(2) T here has  no t b e en eno ugh res ear c h p erfo rmed  to
evaluate cost- effectiveness.

(3) Witho ut a systematic proc edure o r evidenc e of co st  -
effec tive nes s ,  it  has  b een imp o s s ib le to  d evelo p  a
metho d of dis tributio n to reach the numb ers of
individuals who c ould benefit from this tec hnology.

OBJECT IVE

T he v o c at io na l p lac eme nt o f an  ind ivid u al w ith a s e vere
disability is directly related to  the degree to which that p erson

can:
Perceive and acquire information;
Process that information and make decisions;

Communicate those decisions  to people and environment.
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While thes e three ac tio ns  c an b e us ed to d esc ribe any wo rk
s itua tio n, they are o f p ar t ic ular co ncern in vo c ational
rehab ilitatio n. The extent to which dis ab ility interferes with
any o f thes e d etermines  ho w s uc c es s fully a  p ers o n with a
severe dis ability can co mpete for gainful emplo yment.

The voc atio nal p lacement of c lients  with s evere disab ilit ies is
o ften mad e d iffic ult  b y the red uc tio n in o r lac k o f manual
s kills  that  res ults  fro m their d is ab ility. Ind ivid uals  who s e
dis ability res ults from a variety of neuro mus c ular dis o rd ers
o ften have t he s en s o ry a nd  c o gnit iv e s kil ls  to  func tio n at
levels  ap p ro p riate for emp loyment. Yet,  s ince they d o no t
have c o mme ns urate manual s kills  that  a re als o  n ec es s ary,
employment is extremely d ifficult .

Impro vements in rehab ilitation services, and sp ecial ed ucation,
a s  we ll  a s heig hten ed  s o c ial a war enes s  ha ve res u lted  in
inc reas ingly  large numb e rs  o f ind ivid uals  with d is ab ilit ies
reac hing the p o int  in their lives  where they are ap p lying to
state vo c atio nal rehab ilitat io n agenc ies fo r as s is tanc e in
ind ep e nd ent liv ing and vo catio nal p lac ement. Rec ent
inno vations in technolo gy have removed the barriers to acc ess
of info rmation and  c o mp uter s o ftware. Co up led  with new
legis lat io n req uir ing that go vernment funded emer ging
tec hno lo gies  b e mad e ac c ess ib le to  ind ivid uals with s evere
d is a b il it ies , tec hno lo gy has p ro mis ed new vo c atio nal
o p p o rtunit ies  to  ind ivid uals  with d is ab ilit ies . Des p ite the
imp res s ive tec hn o lo gy  no w availab le to  as s ure ac c es s  to
info rmatio n, tec hno logy only pro vid es a p artial solution to the
barriers individ uals with severe disab ilities face on the road  to
emp lo yment.

The model presented in this  paper illustrates a c omp rehensive
rehab ilitation technolo gy servic e delivery mod el to  inc rease the
availab ility o f reliab le and  d urable ass is tive tec hnolo gy that
ad d res s es  the tec hno lo gy- related  need s  of individuals  with
d is ab il it ie s . T he pro jec t b rings to b ear imp o r tant
tec hno lo gical and  indus trial ad vances  in sp eech rec o gnitio n
whic h c an p rovid e an ind ivid ual with a severe disab ility with
the means to  p ro ductivity that  can be useful in the p ursuit  o f
independence and employment.

MET HOD

T he mo d el inc lud es  a s ys tema tic  ap p ro ac h f o r evaluating,
tra ining an d  p lac in g c lie nt s  in g ainfu l e mp lo y men t: The
ap p roac h takes  into ac c ount the ec o no mic  environment and
builds o n the individual's strengths in matching each ind ivid ual
in an ap p ro priate jo b in whic h s /he can s uc ceed . The mo del
utilizes a multi-  disc iplinary vo cational rehab ilitat io n team that
develops  strategies  to  identify the s trengths o f each individual,
develo ps  these s trengths,  and  then plac es  the pers on in a jo b
that s /he c an p erform. The mo del is  implemented  thro ugh a
co llab o rative effo rt  whic h matc hes  the c lients  s erved  to the
emp lo yment o p p o rtunit ies  in the s tate. The ap p lic atio n o f
speech rec ognitio n technology pro vid es the individuals served
with a means  to  utilize their s kills  to acc omplish the jo b.

Part  o f the barrier to  gainful emp lo yment fo r individuals with
quadriplegia is  the emp loyer' s rec ognition of and focus o n the
ind iv id ua l' s  lac k o f manual s kills . Often,  the emp lo yer ' s
co ns ideration of the ind ivid ual s top s  here. The emp lo yer is
often unaware o f tec hnolo gy that  can augment the ind ividual's
ability to work or how to acces s the resources  available to this
p o p u latio n. Du r in g the past s even years , tec hnic al
inn o va tio ns ha ve pro vid ed imp o rtant so lutio ns to the
vocational barriers individuals faced as a result of quadriplegia.
During the late 1980' s , numero us  artic les  repo rt  a variety o f
strategies  for acco mmod ating limited mo to r ability to p ro vide
ind ividuals with acc ess  to information and co mputer s oftware
(s ee fo r ex amp les proc eed ings from RES NA, 1987 -90).

Nevertheles s, the emp loyment rates  of ind ivid uals with severe
d is ab ilit ies  remains  lo w [13]. Rehab ilitat ion tec hno lo gy
service delivery models  need to  go beyo nd the application and
dis trib ution o f tec hnology and  b egin to  integrate ap pro priate
employment p lacement servic es as well.

The model identifies  the jo b s trengths o f individ uals who  are
quadriplegic and builds on those strengths.

The mo del also  p ro vides a systematic  metho d fo r evaluating
the jo b market and id entifying those areas  with market growth.
C lients  are ma tc hed  to  availab le jo b s  b as e d  o n their o wn
developed strengths.

Rehab ilitatio n engineering help s fac ilitate the jo b p lacement
by develo ping app ropriate app lications fo r a large vo cabulary
speec h recognitio n sys tem for peop le who do  not have us e of
their hand s . Rather than p re -  s elec ting a set  o f s o ftware
pac kages  that may b e us eful in a p art icular job ,  the mo d el
provides an appropriate framework that allows the clinical staff
to  s t ud y the s kil ls  o f a wid e  var iety  o f ind ivid u als  fro m
thro ugho ut the s tate and  to develop a thorough understanding
of the employment opp ortunities in the state.

F ro m th is  s tr o ng b a s is  o f  und ers tand in g,  ind ivid ua ls  are
matc hed to ap p ro p riate vo c atio nal o p p o rtunit ies and
applications are d eveloped with intimate involvement from the
potential emplo yers.

Approp riate utilization of rehabilitation techno logy that results
in succ essful vocatio nal placements  of ind ividuals can o nly be
accomplished through a collaborative effort of several agencies.
Wo rking  c o o p er atively  with t he vo c a tio nal rehab il itat io n
centers in the s tate,  the c linic al s taff imp lements  a servic e
delivery p rogram fo r providing s peech reco gnitio n vocatio nal
services to individuals  with severe disab ilit ies. A Univers ity
bas ed  Rehab ilitat io n Engineering P ro gram wo rks  with the
State Vo cational Rehab ilitation Agency and the S tate Pro ject
with Industry. This c onsortium pro vides a large client referral
base. Collabo ration with the S tate Vo cational Rehabilitation
Co mmis s io ns  whic h s erve neuro mo to r imp aired  and  b lind
individuals as sures that  ind ivid uals  who  have neuromus cular
dis orders  and visual impairment b enefit from the program as
well.

Figure 1 s hows  the o rganization o f the c linic al s taff and  its
relatio n to  the vo c atio nal rehab ili tat io n fr amewo rk. The
clinical s taff works with staff from the Projec t with Industry to
seek referrals, perform c lient evaluations and job  placements.
A Vo c atio nal R ehab ilitat io n  (VR) Ad vis o ry  P anel and  an
Emp lo yer Advis o ry P anel are es tab lis hed . T he VR P anel
includes client representation, members from the clinic al s taff
and rehab ilitat io n co nso rtium and rep res entatio n from
rehab ilitatio n agencies in the staff. The VR Panel assures that
all po tential c lients  are referred for evaluation to the program
and are realis tic ally ass ess ed for their vo c ational s trengths .
T he VR P anel inc lud es rep res entatio n from the State
Voc ational Rehabilitation Agenc ies , s tud ents with d isabilities
from lo c al universit ies , rep res entatio n fro m lo cal c o mp uter
users gro ups , the National Spinal Co rd Ass ociation,  Multiple
Sclerosis Society, Musc ular Dystrophy Society and the United
Cerebral P alsy S oc iety. Thro ugh c ollab oration with a State
Pro jec t with Industry, an emp lo yer Ad vis ory P anel is
established. As p art of its mandate, a State PWI develops  an
emp lo yer b as e of a large numb er of emp loyers in the s tate.
The PWI works with the c linic al s taff to id entify emp loyers
who have an exp res s ed interes t in affirmat ive ac tio n
emp lo yment. T he Emp lo yer Ad vis o ry P anel p erfo rms  an
ad viso ry ro le o f rep resenting app rop riate voc atio nal gro wth
areas in the state.
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Clients also  have a role on the Employer Advisory P anel, The
Panel' s invo lvement in the pro jec t inc lud es identifying job s
and assistance in the design of all software applications of
speech rec ognition. This as sures that the costly proced ure of
ap p lic atio n d evelo p ment res ults in so ftware whic h is
resp ons ive to the emp loyer's  needs. The Employer Adviso ry
Panel is involved early in the ass es sment o f clients, enab ling
employers to develop  a clear understand ing of the client p ool
and interest in the success of seeing the clients reach gainful
employment.

DISCUSS ION

The mo del is  o f great  s ignific ance to  the S tate Vo c atio nal
Rehabilitation Pro gram. Although a great deal of progress has
been mad e in the vo catio nal rehabilitat ion o f individuals  with
disabilities and altho ugh a variety o f vo c atio nal services are
offered  thro ughout the s tates ,  a large number o f ind ividuals
with severe d is ab ilities  are s till unemp lo yed . In an art ic le
entitled "Employment after Spinal Cord Injury [5], the authors
rep o rt  res ults for a p o p u latio n of 154 ind ivid uals who
sustained s pinal c ord  injury. Each ind ivid ual in the gro up was
followed for a period of seven years after injury. Only 29.9%
of the individuals of that group were employed for any duration
during the time of fo llow -up. The authors  state:

"Sinc e only 19.4% of the subjects were employed seven years
after injury,  it  is  ap p are nt that  many p atients  wer e either
unwillin g o r una b le to  maintain jo b s  the y had  ac q uired . "
Des pite the imp res s ive ac c o mp lis hments of the State
Vo c atio nal Reh ab ilita t io n Ag enc ies  and  the  P ro jec t  with
Indus tries ,  thes e agencies have fo und  it  a c hallenge to take
advantage of current technology and apply it to the real
emp loyment needs  o f p eo ple with s evere d is ab ilities . The
mo del des cribed in this paper targets a po pulatio n of
ind ivid uals who are presently o ut of the emp lo yment
mains tream. A c linic al s taff wo rking in c o ord inatio n with
other s tate agencies  in a framework dis c us s ed ab ove help s
bring the o uts tanding s ervic es o f Voc atio nal Rehab ilitat io n
Agencies  to a larger pop ulation of peop le within the state.  By
applying powerful speech recognition technology in an
appropriate vocational rehabilitatio n framewo rk, the vocational
need s  o f ind ivid ua ls  with s ev ere d is ab il it ies  c an b e  met.
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7.5

A Model for Assessing the Needs

of Disabled Employees in the Work Place

Jennifer Angelo, Pb.D., O.T.R.
University at Buffalo

Three physically disabled employed
individuals, all with a progressive muscular
disease, were evaluated to examine types of
employment and the kinds of assistive devices
that could be helpful to them in their work. This
paper describes how the Team Resource Model
was used to assist these three clients.

The Team

The team is a multi- disciplinary resource
service that assesses the person as a whole. The
team approach allows specialized and
coordinated assessments. Through the
assessments, the needs of the person are
addressed, and a plan made as to how best to
meet those needs through the expertise of the
professionals on the team. If a need is
identified which is beyond the scope of the
team. A referral is  made to  the appropriate
agency for that portions of the individual's
overall needs.

The team consists of an occupational
therapist, a rehabilitation engineer, and an
architect. An augmentative communication
specialist was available if needed. The
rehabilitation engineer makes recommendations
for power or manual wheelchair and seating and
position for body alignment. This reduces
fatigue and the effort needed to  maintain an
upright posture for work. The occupational
therapist makes recommendations for work
station modifications to provide preferable
access to  the office equipment. The therapist
also recommends assistive devices which will
improve the individuals' ability to access office
equipment: computer, telephone, or tape
r e c o r d e r . Th e a r c h i t e c t m a k e s
recommendations for work and home
accessibility modifications to reduce the effort
needed to travel from home to work.

Referrals
The team receives referrals from the

Office of Vocational Rehabilitation and
occasionally from the clients themselves.
Some clients are in jeopardy of loosing their
jobs if a method cannot be found to enable
them to complete necessary work duties.

The Assessment and Recommendations

The Technology Resource Team
assesses motor control and job tasks at the
work site. After these two factors are
determined, types of access devices and
modifications to the worksite that will
increase independence and cause less fatigue
are investigated. When more than one
assistive device is available, they are
compared. For worksite modifications,
different arrangements are examined until an
ideal arrangement is found.

Clients
Selected characteristics of each

individual is presented in Table One.

Subject 1's is an attorney. He holds
court hearings. His main job task is writing
the decisions from the hearings and using the
telephone. His main concern was using the
telephone independently and have private
conversations. A single switch device to dial
and answer the telephone was recommended.
He did not need feel he needed access to a
computer. His attendant is a fast typist and
another set up would be slower. It should be
noted that he will be retiring in  a few years;
this may play a role in  his declining more
assistive devices that would provide him with
greater independence in his work.

Subject 2 works is a data analyst. Her
main task was typing data into a computer.
She needed the flexibility of working at home
on days when she was too weak to travel to
the office. She also required abbreviation
expansion software to reduce unnecessary
typing of commonly used words and a screen
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expansion software to reduce unnecessary typing
of commonly used words and a screen enlarger
to be used when she experiences difficulty
focusing on the screen. A portable computer
was recommended. A luggage carrier was also
recommended to reduce the strain of carrying
the computer to  and from work.

Subject 3 was a data management
coordinator, his job centered around being able
to access a computer. He was able to  use the
standard IBM compatible keyboard but
experienced difficultly in reaching all the keys.
With his progressive disease, the keys on the
periphery of the keyboard were at times beyond
a comfortable reach for him. A small keyboard
was recommended. He had accurate fine
coordination and the keyboard was easy for him
to operate.

Funding
Subject 1 is eligible for funding through

the Veteran's Administration, Subject 2 through
the Office of Vocational Rehabilitation, and
Subject 3 is not eligible for funding through a
government sponsored agency. However, his
employer was willing to  pay for the necessary
assistive devices and workstation modifications
to retain this employee.

Conclusions
The Technology Resource Team Model

was effective in resolving computer interface
and work station problems for three individuals'.
Those problems included computer monitor
placement, computer and telephone access, desk
height and shape,

Table 1. Subject Summary

wheelchair access. Architectural barriers
which hindered access to or inside the office
building and home were also addressed. The
team approach was crucial in finding
solutions for individuals who were in jeopardy
of loosing their employment. Results indicate
that a broad based team comprised of
individuals with expertise in the problems and
needs of disabled persons is a promising
approach to the successful, continued
employment for individuals with physical
disabilities who desire to  continue working.
Assistive devices and elimination of
architectural barriers allow disabled
employees to continue in their role as
workers for a longer period of time than they
would otherwise be able.

Successful work experiences of persons
with physical disabilities often requires special
modifications and assistive devices. The
Technology Resource Team Model provides
the needed services for disabled individuals to
have a successful work experience.
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Subject Diagnosis M/F Age College Type or Employed Attendant Mobility Transport
I)egree Employment Full or At Work -ation

Part Time

1 Multip le M 55 Yes Bus iness Full Yes Po wer Private
Sclero sis wheel

chair

2 Mult ip le F 27 Yes Bus iness Part No No ne Private
Sclero sis

3 Mus c ular M 40 Yes Business Full No Po wer Private
Dystro phy wheel

c hair
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7 .6 TEC HWO RKS REHABILITATION ENGINEERING

SERVICES IN NEW MEXICO --TWO YEARS LATER

Scott Segner
Adelante TechWorks

Albuquerque, NM

AB S T R AC T

In the fall of 1988, the New Mexic o  Divis io n of Vo c ational
Rehabilitation (DVR) b egan s tatewid e rehabilitation s ervices
through a contract awarded to Adelante Develo pment Center's
TechWo rks. As  o f the fall o f 1990,  o ver 180 c lients  have
been s erved  via this  c ontrac t . These clients  have rec eived
d etaile d  evalu atio ns fo r ad a p tive t ec hno lo gy,  eq u ip ment
maintenanc e,  a nd  o ns ite mo d ific atio n o f th eir ho mes  and
wo rksites. T ec hnic al s up p o rt  has  b een s u p p lied  to  b o th
clients  and  DVR c o uns elo rs . The o verall s uc c es s o f this
co ntrac t  was  a key fac to r in T ec hWo rks  b eing award ed  an
additional contract with the New Mexico  Technical Assis tance
Program ( NMTAP). The NMT AP  was  s et  up  us ing fund s
provided by the Tech Act.

OBJ EC TIVES

Tec hWo rks  o perates acc ord ing to o bjectives specified in the
two  c o ntrac ts  that  fund  the p ro gram. In s ummary,  thes e
include:

• Pro vide tec hnic al evaluatio ns and fo llow -up  s ervices to
clients referred by the DVR and the NMTAP.

• Maintain a s ho p and  mo b ile s ervic e d elivery s ys tem in
order to provide these services.

• Maintain a tec hnical lib rary for us e by staff and adaptive
equipment co nsumers.

• Maintain a lo an b ank o f eq uip ment to  be used  fo r lo ng
term evaluatio n and  as  a s to p gap  meas ur e d uring the
equipment ordering process.

ME THOD S  /AP P RO AC H

Tec hWo rks us es a multid is c ip linary team to  pro vide well -
rounded services. The team is c omprised  of a Lead Engineer,
an Oc c up atio nal T herap is t , and  an Office Manager/T rainer.
With t he ad d it io n o f the  NMT AP  c o ntr ac t ,  a n ad d it io nal
Oc c up atio nal T herap is t has been hired and a Sho p
Tec hnic ian/F ab ric ator has been ad ded to the team. Both the
Lead  Engineer and the Oc cup ational Therap is t  are typ ic ally
invo lved with the initial evaluatio n o f client's needs.

Approximately fifty p ercent of TechWorks' clients live outside
the Alb uq uerq ue metrop olitan area. These clients are served
via a mo b ile  e v alua tio n  v an . T his  van  c an b e q uic kly
outfitted  with the eq uipment neces sary to evaluate a partic ular
set of clients '  needs. The van is set  up with interchangeable
modular eq uipment c arts and cabinets in order to facilitate this
outfit t ing. Evaluation ro ad trip s are sc hed uled  c o ns idering
bo th evaluation type and  geo grap hy. The evaluation van is
then lo ad ed  with the nec es s ary eq uip ment to  p erfo rm the
evaluatio n and /o r mo d ific atio n wo rk. A typ ic al ro ad  trip
includes working with eight c lients over a four day p eriod  and
enc omp ass es traveling 1,000 miles.

The remaining fifty perc ent o f Tec hWorks  c lients live in o r
aro und the Albuq uerq ue metrop olitan area, The majo rity of
thes e c lients are seen at Tec hWorks ' headq uarters in
Albuquerque. The TechWorks facility includes office space for
s taff,  s ho p  fac ilit ies ,  a tec hnic al lib rary,  and  a c o mp uter
demonstration /evaluation room.

The addition of the NMTAP contract and the subsequent staff
inc reas e has made it neces s ary to  exp and the facility s ize.
Tec hWo rks is currently searc hing fo r  a  n e w ho me of
approximately 3,000 square feet, or double its current size.

Fo llo wing a tec hnic al evaluation,  Tec hWo rks  s taff is s ue a
fo rmal writ ten repo rt with reco mmend atio ns  to  the referral
source. This repo rt contains  client b ackground info rmatio n,
ob s ervations mad e d uring the evaluatio n pro ces s, and
rec ommendations. The reco mmendatio ns s ec tio n includes
detailed  vend o r and  c o st  information. Further T ec hWorks
involvement is  als o  s p ecified  in the rep o rt if  needed . For
ins tance,  this  might inc lud e mo dific atio n o f o ff- the -s helf
equipment.

TechWorks  maintains a loan bank of adaptive equipment. The
p urp o s e o f t his  lo an b an k is : first, to  make e q uip ment
availab le as a lo n g term as s es s ment too l; seco nd, the
equipment can be used to bridge the gap between the time that
a p iece of equipment is ap proved fo r p urchase b y a funding
agenc y and the ac tual delivery of that eq uipment.  The current
lo an p erio d  p o licy is  two weeks  with an extens io n o f two
weeks. The loan bank has proved to  be a valuable resource in
the overall operation of TechWorks.

R E S U L T S

By c o ns cio us ly inc lud ing the c lient  and  re fer ral s o u rc e
perso nnel in the p ro b lem s o lving pro ces s,  Tec hWo rks  has
enjoyed a s ucces sful start-up and op eration over the pas t two
years. The demand  for T echWo rks '  s ervic es  has  s tead ily
increased and  now results  in an evaluation backlo g of two and
a half mo nths . Due to this  b acklog,  T ec hWo rks  currently
uses a triage s ys tem to  prioritize client c ases. At this  point,
the c hallenge b e fo re T ec hWo rks  is  to  in c reas e c ap ac ity
without sacrificing quality or attention to detail.

A samp ling o f case summaries:

• Several cases have resulted in implementation of at -home
comp uter systems. The systems have b een set -up to do
ac c ounting, d es kto p  p ub lis hing, and to ass ist with
scholastic pursuits.

• TechWorks has constructed ramps to make clients '  homes
accessible to  both p ower and manual mob ility.

• The c o mb ination o f a hand  sp lint  and  s imp le jigs  at  a
wo rk p lac e help ed  do uble a worker ' s p ro d uc tivity in a
manufacturing s etting.
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• TechWo rks staff have b een involved in o ngoing training
with computer and augmentative c ommunicatio n devices.

• Comp uter equipment from the loan bank has b een used  in
college settings to provide access not available through on-
campus computer labs.

• T ec hWo rks  has  wo rked  c lo s ely wit h DME d ealers  o n
several cases to ensure that equipment is properly selected
and fitted.
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7.7
COLLABORATION: A PARTNERSHIP FOR PROVIDING ASSISTIVE TECHNOLOGY SERVICES IN MICHIGAN

Donna Heiner /Joseph Sklba
Living and Learning Resource Centre /Michigan Rehabilitation Services

ABSTRACT
The increasing number and sophistication of
microcomputer- related assistive technology devices
make it imperative that purchasers have access to
professionals experienced In the matching of
individual requirements with the appropriate
technology. Cooperation between local and state
agencies can help maximize the use of financial and
human resources.

BACKGROUND

In Michigan, two branches of the Michigan
Department of Education are responsible for
overseeing the assistive technology needs of a
majority of individuals with physical Impairments.
Special Education Services (SES) provides
leadership to educators by stimulating the use of
technology, focusing statewide efforts, and
stabilizing the movement of technology into special
education classrooms. The Michigan Rehabilitation
Services (MRS) through a network of district offices,
implements an agency plan for the integration of
rehabilitation engineering and rehabilitation
technology into the rehabilitation process.

OBJECTIVE

The complexity of and rapid changes in assistive
technology make it diff icult for professionals
providing direct services to formulate accurate
decisions regarding the selection of assistive
technology. Education and rehabilitation personnel
frequently lack up -to -date information on available
computer input/output devices and augmentative
communication devices. Individuals in low incidence
categories frequently require unique solutions.
Professionals may be unaware of the advantages
and limitations of certain devices in educational or
vocational situations. Funding patterns and the high
costs associated with technology necessitate
appropriate Initial decision making. In order to select
technology, professionals require access to: printed
and electronic databases, a central location
containing a current selection of assistive
technology devices and workstations, and a
professional team experienced in the provision of
assistive technology services.

METHOD

Funded as a State - Initiated Project by the Michigan
Department of Education, Special Education
Services, the Living and Learning Resource Centre
(LLRC) was established as a statewide center on
assistive technology.

The LLRC provides Information, demonstration, and
consultation to consumers, professionals, parents,
and other Interested individuals. Open 9 -5 Monday
through Friday, the Centre has a toll -free number to
facilitate responding to requests for Information and
is TDD- accessible. Located in the Main Library of the
Michigan School for the Blind In Lansing, the LLRC
houses an extensive collection of augmentative
and alternative communication devices, computers,
Input/output devices, and software, A professional
staff consisting of a special educator, occupational
therapist, speech - language pathologist, and
sensory devices specialist provide individualized
consultations on device selection. Funding is
provided by State - Initiated Project funds received
under the State Plan for P.L. 94 -142, the Individuals
with Disabilities Education Act (previously the
Education of the Handicapped Act). LLRC services
are therefore funded for the special education
population.

Michigan Rehabilitation Services has installed a five -
year accommodation plan which places in context
the provision of assistive technology services. The
plan includes: training of staff in accommodation and
task analysis; team consultation and problem
solving; the availability of consultation, decision -
making, and services to the counselor; the
importance of the client in the accommodation
process; and the integration of other service
providers.

DISCUSSION

To prevent duplication of resources, the LLRC and
MRS have established a mutually beneficial
relationship. Through a contractual relationship with
MRS, the LLRC provides inservice training of MRS
counselors and "technology evaluations" for clients
requiring augmentative communication and /or
adapted computer access.

As part of the accommodation plan, MRS provides all
counselors, managers, and consultants with training
in task analysis and accommodation. During these
training sessions, participants spend an afternoon at
the LLRC. After a brief introduction to the LLRC,
which includes guidelines for (1) accessing the
LLRC staff and (2) determining which clients may
benefit from its services, attendees participate in a
hands -on technology awareness session. In small
groups, attendees operate a variety of assistive
technology devices. A typical experience would
include searching the AbleData database, using a
miniature and an expanded keyboard, entering text
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via a single switch scan, making a telephone call with
a computer, responding to questions with an
augmentative communication device, writing a
sentence with word prediction or
abbrevlation /expansion software, operating a
computer with voice output capabilities, and
watching videotapes illustrating new developments
in technology. The purpose of the experience is not
to teach the participants to select technology, but
rather to alert them to the fact that many possible
technology options exist.

The LLRC also provides individualized consultations
for MRS clients who may require assistive
technology for vocational purposes. After
counselor, client, and LLRC staff determine that the
LLRC is the appropriate facility, a morning or
afternoon consultation is scheduled, Two to four
LLRC staff members assist client and counselor to
further clarity technology needs, suggest possible
alternatives, and provide the client with the
opportunity to experiment with the hardware or
software. Following the consultation, counselor and
client receive a report detailing observations and
suggestions.

This collaborative effort between two state agencies
providing assistive technology services to students
and adults has resulted in maximizing the utilization
of available resources.
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8.1
The Function of Function Words and Function Units in Augmentative Communication

Steven Ray, Ed.D,
Adaptive Communication Systems, Inc.

Pittsburgh, PA

Met ho ds  of  ac ce le ra t ing s pe ec h o ut put  a nd
spe ech re co gnit io n wi t hi n a u gme nt a t i v e
co mmu nic a ti o n d e vi c es  ar e  pro po s ed .  T he
me t hod s  ar e  ba s e d o n c o d ing of  " fu nc ti o n
wo rd s"  and " fu nc ti o n uni ts " wi t hi n s pe ec h
ou t p u t devices . In spe ech rec ogni ti on
t e c hno l o gy ,  fu nc t i o n u ni t s  a r e  t r e a t e d  a s
words  to  i mprov e b ot h s pe ed and a cc ura cy
of  re c o gni t io n. T he sy s t em of  c od es a nd
fu nc ti on u ni t s re q u i r e mi ni ma l skills to
master.

Although variously defined, linguists  have long
rec ognize d t he  s ignif ica nce  of  di s ti ngu ishing
be twee n " fu nc t or s"  o r  " fu nc t io n wo rds " and
"contentive" or "content words" in the description of
language (Brown and Fraser; 1963; Brown and
Bellugi, 1964; Brown, 1973; and Fries, 1963). The
set of function words generally, but not always ,
incl udes art ic le s , prep os it io ns , pro no u ns ,
conjunctions, auxiliary verbs and modals.  For the
purpose of this article the set of function words will
be defined as those words  in our language which
are static and not subject to growth in number. The
set of words  in our language which is  subject to
growth is the set of content words. These generally
include nouns, adjectives, adverbs and verbs. The
set of function words  is  finite  and universal as
contrasted with the se t of content words which is
infinite and personal.

Statement of the Problem

Although the set of function words is quite limited,
the  frequency of occurrence of function words  in
our language is  very high.  Function words  can
account for 65 -75 percent of all words in oral and
written sample of children and adults. In one study
(McNally and Murray, 1962) it was found that only
12 words  could account for 25 % of the words we
read. These were all, as, at, be, but, are, for, had,
have, him, his, not, on, one, said, so, they, we, with
and you. All but one of these  words  (sa id) are
function words.

Function words  frequently occur together within a
sentence. Since these sequences of function words
do not adhere  to linguis tic conventions  of phrase
s t ru c tu re  rul e s ,  the y r ep res e nt  a  p re v io u s l y
unrecognized concept. Thus, the "function unit" will
be  defined as  two or three  contiguous  function
words a nd t he use o f  t he t e rm phra s e is

intentionally avoided. Since the  set of function
words is finite, the set of function units, although
large, is also considered finite. To date the author
has identified over 1500 function units. Preliminary
es timates indicate that nearly 30 percent of our
language cons is ts  of these  units  regardless  of
context.

Advantage can be taken of these rather powerful
wo rd s  a nd  t he i r c o mb i na ti o ns  i nt o u ni ts  i n
augmentativ e  and a lternative  communication.
Since they are finite and common to the language
of a ll speakers, they are  useful regardless of the
context, content or mode of our utterances.

When searching for a method of accelera ting the
communication process  of orthographic users ,
(spellers) these words become obvious targets for
abbreviations. The irony, however, is that although
they are a  powerful set of words, these words are
also very short.  Most function words  are  five
characters or less in length.

Published in a  Vanderheiden and Kelso artic le
(1987), an a lphanumeric , optimized, ideological
coding system for representing the most frequently
encountered words in the  English language was
presented.  An analys is  of the  tota l percent of
keystrokes eliminated for this set of single words
produced a savings of about 44 percent.

These codes ha ve be en imp l e me nt e d on
augmentative  devices  capable  of abbrevia tion
expansion and proven to be both powerful and easy
to learn.  Some samples  of thes e  codes  are  as
follows:

Code Meanin¢
2 to
4 for
8 it
b but
en can
cd could
wz was
dz does
in me
U you
V have

It was discovered that additional keystroke savings
could be  achieved by combining these  function
word codes  into units of two or three  elements .
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These combinations , however, carry with them
modes t learning costs to the user. That is to say,
once an individual learns the eighty or so codes in
the  firs t  sys tem, they are  merely combined or
executed, without the  space between them, to
produce function units. Another important feature
of these units is that they are internally redundant.
Thus, the function unit of You can have consists of
two other possible units of You can and can have.
This redundancy reduces the demand on the user
to recognize the complete function unit. Thus, the
user could produce the codes for each e lement
separately (u cn v) and achieve a keystroke savings
of 5, produce the codes for the two possible two -
element units (ucn u or u env) for a savings of 7, or
produce the most efficient sequence containing all
three e lements (ucnv) for a maximal savings of 8
keystrokes.

Us i ng a  c o re  v oc a b ul a ry o f  o nly  8 0 c o de s ,
representing the 80 most frequently used words in
English langua ge samp les  (Va nderhei den and
Kelso, 1987), a total of more than one thousand
codes can be stored for function units with fewer
than ten collisions or conflicts between codes. Such
a system has  a lready been implemented on the
RealVoice  (1990) communication device .  The
following are samples of these codes:

Code Meanin¢
du do you
ud you do
iv I have
dz8 doesit

ru are you
wydd why did
wydu why do you
urdg you are doing
hhzhd he has had
ivhd I have had

Elsewhere strategies  have been described for the
coding of  content word s  and fre quently used
sentences. These strategies include special markers
for categories of words when coding content words
and markers  for tense ,  number and aspect for
frequent sentences (Ray, Morris & Palm, 1990).

Fu nc t i o n u ni t s  c a n a l s o  b e  us e d  i n s p e e c h
recognition systems . Dragon Dictate (1990) is  a
discrete word, large vocabulary speech recognition
system. Each word is produced individually and the
system attempts to guess the word and offers  the
user a  choice  of up to 10 words  from which to
choose each time. Again, ironically, the  hardest

words for this system to recognize are the function
words.  This is true because they carry very little
acoustic  information. Thus, the word education is
much less  difficult  to recognize  than the word I
which can be mistaken for eye, bye, my, by, aye, etc.
Each decis ion which must be  made by the  user
reduces the speed of input for such a system.

If the system is given function units to be handled
as  wo rd s ,  the n bo t h sp e e d  a nd  ac c u rac y  o f
recognition is increased.  Again the redundancy of
elements  within the  function u nits  red uce the
me ta li ngui s t ic  d ema nd s  fo r re co gnizing full
function units. For example: "Do you have the car"
can be segmented as; Do you - have - the - car, Do
you have - the - car, Do you - have the - car, or Do -
you have the - car.

Augmentative communication device users who use
orthography as an input method for their speech
prosthesis can easily learn a small set of less than
100 function words and their logical letter codes.
These codes can, with little effort, be combined into
function units for additional keystroke savings and
mo re  ef fi c ie nt  co mmu ni c at io n.  Thi s  sy s te m
represents  a  s tandardi zed method of coding a
powerful set of words and combinations of words
while avo idi ng t he pitfa lls of devel oping
idiosyncratic systems which generally produce large
numbers of collisions.

When the function unit is programmed into speech
recognition systems as  words or single e lements,
they enhance the  rec ognit ion a ccura cy of  the
sys tem.  In addition they reduce the  number of
choices required during the diction process.

The redundancy of function units enhance their
power whi le  red uci ng the  meta lingui s ti c  a nd
cogni tive  dema nds  for recogniti on.  T hus ,  the
sys tem of coding function units is both powerful
and forgiving.

By tightening the definition of "function words" and
ignoring traditional phrase structure grammars , a
newer and more powerful linguistic unit has been
identified.  The function unit  has  potentia l for
improving the  effic iency of communication of
augmentative  communication device  users . The
function unit can be applied to both speech output
sys tems  and speech recognition sys tems . This
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technique  dra ws  up on p revi ous ly  es t abli shed
o r t ho gra p hi c skills a nd re q u ir e s minimal
me t al i ngu is t ic  sk i ll s .  Re se a rc h i s  c u rr e nt l y
underway to quantify the advantages  of utilizing
these units.
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Automatic Abbreviation Generation

Gregg M. Stum, Patrick W. Demasco, and Kathleen F. McCoy
Applied Science and Engineering Laboratories
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Wilmington, Delaware USA

Abstract

This work is part of an augmentative communication
project being conducted at the Applied Science and
Engineering Laboratories of the University of Dela-
ware and the A.I. duPont Institute. The goal is to
reduce the demands of traditional abbreviation
expansion systems, on both the clinician and the cli-
ent, by providing a clinical aid for constructing a
fixed set of abbreviations for a vocabulary, and a user
tool for recognizing a variable set of abbreviations
for a vocabulary item. To this end an abbreviation
generator produces all the possible abbreviations
associated with a vocabulary under a well defined
model of abbreviation.

Background

An abbreviation expansion system is usually a com-
puter -based typing tool that replaces a sequence of
characters, representing an abbreviation for a word,
with that word. The set of abbreviations associated
with a vocabulary is an abbreviation scheme, An
abbreviation strategy is the rule or set of rules used in
forming the abbreviation.

Vanderheiden and Kelso [S] identify abbreviation
expansion as an important technique in an accelera-
tion vocabulary of an individual using a communica-
tion aid. They show that a relatively large amount of
communication is composed of a relatively small
number of words, and that there is a high degree of
consistency in this set of the most frequent words
among different users. After analyzing several abbre-
viation schemes for this vocabulary, they find their
idiosyncratic - logical scheme the most effective.

As illustrated by this study, choosing a good abbrevi-
ation scheme for a specific vocabulary requires con-
siderable research time and effort. For a set of the
most frequently used vocabulary items this invest-
ment is worthwhile since the set is essentially fixed.
However, this set only constitutes the majority of text
produced, not its totality. The remaining portion is
drawn from a variety of context - specific vocabular-
ies, that may be different among individuals.

Thus a specific vocabulary is not uniformly appropri-
ate to all users. This means that the clinician is
responsible for constructing abbreviation schemes
for a number of clients. This task is even more omi-
nous considering that the abbreviations must be tai-

8.2

lored to the client and that different clients have
different preferences about how something should be
abbreviated. So a specific scheme for a vocabulary is
not uniformly appropriate, and the task of generating
abbreviations that are easy for each client to recall is
enormous,

Statement of the Problem

For each user of an abbreviation expansion system a
vocabulary of words to be abbreviated must be spec-
ified, and the individual abbreviations for the words
determined. This requires knowledge in constructing
abbreviation schemes, consideration of the user's
cognitive skills, physical abilities, and abbreviation
preferences, and the time and effort of the clinician.
These requirements are not generally insignificant.

Once a scheme is established for a vocabulary, the
user must either memorize it, or have it available to
reference. For any scheme of appreciable size, the
cost of cognitive load or lookup time is significant,
and may in fact exceed the savings in keystroke
reduction.

These considerations identify two basic related prob-
lems: the construction of an effective abbreviation
scheme for a given vocabulary; and the overhead
imposed on the user of such an abbreviation scheme.

Approach

The abbreviation scheme constructor provides to the
clinician several sets of fixed abbreviation assign-
ments for a vocabulary, with each of these schemes
representing the application of a specific abbrevia-
tion strategy. From these, the clinician selects the
most appropriate scheme for a specific client. The
adaptiveflexible abbreviation expander obviates the
need for any fixed scheme by recognizing any well-
defined abbreviation for a vocabulary item with
roughly the same speed as a fixed abbreviation
expander. Naturally, expansions for such abbrevia-
tions are generally not unique, This expander pre-
sents a list of the most preferred expansions based on
human preferences and the user's history. The auto-
matic abbreviation generator is a preprocessor for
both the constructor and the expander that provides
their required information and reduces their run -time
computational requirements to make implementa-
tions practical. The generator does not use strategies
in producing the abbreviations, but rather it rates an
abbreviation according to the strategy it best repre-
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sents for the word from which it was obtained.

The Basic Abbreviation Context
In order to identify the fundamental design and
implementation issues in creating the generator, a
basic model of the abbreviation context is defined.
This model is intended to be only sophisticated
enough to exhibit the computational requirements
without being complicated by features that might be
desired in an implementation, but do not contribute
to its computational complexity. These features are
then supported as extensions to the basic model.

With these objectives, the model is this. The vocabu-
lary being abbreviated consists of single word items.
An abbreviation is taken to consist of only letters
from the word appearing in the same relative order as
in the word. Thus, the number of possible abbrevia-
tions for a given word of length n is 2 -1. The impor-
tant characteristic to note is that this number grows
exponentially on the length of the word.

Extensions
Examples of extensions to the basic abbreviation
model include: using numerals, special characters,
and letters not appearing in the word for phonetic or
mnemonic value; and allowing phrases, utterances,
and templates for them as vocabulary items. None of
these extensions change the exponential nature of the
number of possible abbreviations, and are accommo-
dated by the generator.

The Automatic Abbreviation Generator
The generator has a rather straightforward design. It
takes each vocabulary item, produces its set of possi-
ble abbreviations, and stores this set in an expansion
table. Each abbreviation in the table indicates both
the word from which it was obtained, and the abbre-
viation strategy it most closely represents for that
word. It is often the case that an abbreviation repre-
sents the application of several strategies. When the
same abbreviation is produced from more than one
word, its entry in the table indicates a list containing
all the words from which it was obtained. This list is
maintained in sorted order according to preference
ratings assigned to the various abbreviation strate-
gies. Extensions to the basic model are incorporated
into the generator by the use of special auxiliary
functions. Each special function encodes a speck
extension and is invoked by the generator as
required.

Implications

The Abbreviation Scheme Constructor
An abbreviation strategy is taken to be a rule used
consistently across the entire vocabulary. Only one
rule is used and this rule is applied to each word.

Ehrenreich [2], Hodge and Pennington [3], and
Streeter, Ackroff and Taylor [4], have all demon-
strated regularities in human generation of abbrevia-
tions for a given vocabulary item, and preferences for
particular abbreviation strategies.

The three most basic strategies identified in all these
studies are: truncation, vowel - deletion, and combina-
tion, Truncation is taking a prefix  of the word.
Vowel- deletion is eliminating all occurrences of
vowels in the word. Combination is first an applica-
tion of vowel - deletion, then truncation of the result to
a maximum length if necessary. These strategies are
taken as the basic model for the constructor, with
more complex strategies included as extensions.

The constructor is a clinical tool used by a clinician
in preparing a communication aid that includes a
fixed abbreviation expander. The clinician identifies
the user's vocabulary and selects the strategies to be
represented. The constructor then gives an abbrevia-
tion scheme for each strategy specified. After
reviewing these various alternatives, the clinician
selects the most appropriate scheme for the user. If
possible, this scheme is sent automatically to the
fixed abbreviation expander; otherwise it is entered
manually. Figure 1 illustrates this process.

client
vocabulary

clinician

constructor generator

fixed
scheme

AAC device

client

Figure 1. The Abbreviation Scheme Constructor
produces a fixed abbreviation scheme for the expander of

an AAC device.

The Adaptive Flexible Abbreviation Expander
A major drawback of fixed abbreviation schemes is
the cost of cognitive load or lookup time imposed on
the user. An expander that does not require a pre-
defined abbreviation scheme, can deal efficiently
with a set of well - defined abbreviations for a word,
and can adapt to both the user's preferences and
vocabulary, has the promise of giving the user an
effective means for realizing meaningful keystroke
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savings.
The basic model of the expansion is that as the user
types each letter of the abbreviation, the expander
presents, separate from the text, a menu of some
number of possible expansions for the abbreviation
so far. The user then presses a key associated with the
desired expansion. If the desired expansion is not
presented, the user either types a special key for more
expansions, or types another letter of the abbrevia-
tion. The expander then records this selection and
replaces the abbreviation with the expansion. This
model is intended only to demonstrate the expander's
adaptiveness and flexibility. Its user interface is an
entirely seperate issue and does not impact on its
design.

The expander is a gateway to some other software
application, such as a communication aid. As with
the constructor, the user's vocabulary must be identi-
fied, and in this case given to the generator. The gen-
erator then passes the resulting sets of abbreviations
to the expander. Figure 2 illustrates this process.

client
vocabulary

clinician

generator

expansions
table

expander

client

Figure 2. The Adaptive Flexible Abbreviation Expander
serves as the expander of an AAC device

Discussion

This work is an extension of word compansion as
described in Demasco, Lillard, and McCoy [1]. In
word compansion, all the work in interpreting an
abbreviation occurs at run -time. That is, after the
compansion expander is given an abbreviation, it
both manipulates this abbreviation and filters subsets
of possible expansions from the dictionary. This
interpretation is rather computationally expensive,
especially compared to the simple table lookup of
fixed abbreviation expansion. The objective of the
adaptive flexible expander is to eliminate this dispar-
ity by moving the computationally expensive work to
the generator, leaving only a table lookup and some

optional bookkeeping for the expander.

The constructor represents applying knowledge
about human abbreviation behavior to the results of
the generator. For users not having sufficient cogni-
tive ability either to appreciate the expander's flexi-
bility, or to adjust to its adaptiveness, a fixed
abbreviation expander is more appropriate. In this
case, the constructor is a useful clinical aid for tailor-
ing the fixed abbreviation scheme to the user.

Implementation considerations have a direct bearing
on the actual limits of the generator. By design it has
a high order of computational complexity. That com-
plexity comes from both the problems it is address-
ing, and the fact that it is taking the computational
burden away from the constructor and the expander.
Given that the generator itself is not required by the
run -time system, it is reasonable to assume that it
runs on a hardware platform containing a large mem-
ory, a fast processor, and a large, fast secondary stor-
age like a disk. The actual values of these parameters
affect the limits of the generator's performance. A
prototype of the generator is currently being used to
examine basic implementation properties such as
reasonable limits on the size of the vocabulary,
length of vocabulary items, and number and choice
of abbreviation strategies supported.
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8 . 3
THE EF FECTIVENES S OF WORD PREDICTION
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Abstract
Comparisons of user speed on AAC sys tems  with and
without word predic tion su pp o rt  t he  vi e w tha t the
cognitive and perceptual processes  involved in use  of
word prediction may counteract the  gains  in se lection
efficiency. These processes  and their associated time
requirements  are analyzed, us ing results from the fie ld
of human - computer interaction, as a firs t step toward
a comprehens ive unders tanding of word predic tion's
effectiveness. The  ul timate  go al of thi s  work  is  to
develop an analytical modeling framework that can be
applied to any user- system interface.

Ba c k g ro u nd
The pas t decade has  witnessed a  tremendous  amount
of c linical a nd rese arch i nteres t  in the  use  o f word
prediction as a means of enhancing rate in
augmentative  communication (AAC) systems . While
there are a number of different types of word
prediction, the basic technique takes advantage of the
redundancy in the English language to predic t a se t of
word s  t hat  are  the  mos t l ik ely  candid ate s  fo r u ser
entry. Word prediction choices are typically displayed
in a shor t  l i s t  and  a re  re f ine d a s  the  u s er  inp ut s
additional letters . If the  desired word is found in the
list, i t can be selected with one additional input,
eliminating the need to select each le tter individually.

Since the  development of the  firs t  prototypes , much
effort has gone into improving the predictive
algorithms  (1,16) and commercializing the systems  for
widespread use (5). Current systems employ improved
algorithms which are capable of learning the  pattern of
a user's  word usage. Future sys tems  promise  to go
beyond sta tis tica l usage tables to util ize inferences
about semantics and pragmatics  (18).

Statement of Problem
A critica l ques tion is : Jus t ho w much perfo rmance
improvement can be expected us ing word predic tion?
Unfortunate ly, the  answer is  that nobody knows for
sure. Many  re sea rchers  hav e t rie d to  ad dre ss  the
ques tion by comparing the  efficiency of systems  with
and without word predic tion. Common metrics of
comparison are keystroke savings for direct select
interfaces  (16), or combined savings in scan steps  and
switch hits  for scanning interfaces  (3). Theoretical
simulations show effic iency gains of 24-70% (3,16),
depending on the  characteris tics  of the  entered text
and the  word dictionary. Maximum efficiency has been
es timated at 82 %, und er the  a ssu mpt ion t hat  ea ch
word  can be selected with only one keystroke (16).
Studies  on actual users  report effic iency gains of 23-
47% (1,13). Based on thes e  d ata , i t 's  te mpt ing to
conclude that word prediction will universally enhance
a user's  text entry rate  by a t leas t 25% and poss ibly
50%.

However, comparisons of text entry r a te with and
without word predic tion show that word predic tion
techniques do not work as well in practice as they do in
theory. Experimental measurements  on subjects with
disabilities  have demons trated no improvement (13) or
only modes t (3 -10%) improvements (3). At least one
clinical case  study has confirmed that while efficiency
may improve significantly, text entry speed may not
(17).

These data  quantita tively confirm what has long been
known: decreasing the number of necessary selections
may increase the time required to make each selection,
leading to unknown effects on overall performance
(4,7,14). This  doe s  not me an that word pre dic tion
never enhances ra te . It  merely po ints  o ut tha t the
claims that word prediction is "time saving" (5),
"increases typing rate" (6), and provides "quicker
access" (12) need to be examined more closely in order
to determine when they hold true  and when they do
not.

Approach
There are three main questions that need to be
answered in order to rigorously unders tand the trade -
off between efficiency and selection time. These are:

1. What  ar e the factors that contribute to an
increase in selection time?

2. What are the time requirements associated
with each of these factors?

3. Can we determine a cross -over point between
rate enhancement and rate inhibition by
integrating this information with the  efficiency
data?

While the definitive answers  to these  questions require
further research, there is a significant body of
litera ture in the fie ld of human - computer interaction
(HCI) that can be fruitfully applied today, as
demonstrated below.

Factors Affecting Selection Time
Use of a word predic tion feature requires  additional
cognitive and perceptual processes , and these are  the
major contributors  to the increase  in se lection time.
Processes that are  frequently cited include the  visual
search of  t he prediction list and the subsequent
decision about whether the  lis t contains the desired
word (7,14,17). Additionally, an often overlooked
source of cognitive load is the process ing involved in
planning use  stra tegies  and guiding overall  activity
(2,9). For example , the  user may spend time deciding
whether or not to search the  lis t at  a ll . Not all  users
will  employ this  s tra tegy, choos ing ins tead to either
search every time or not a t all; however, many users
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may adjus t their use of word prediction based on their
perception of the recent success rate (17). As a second
example, some users  may exhibit  noticeable delays if
the word is not found in the  list, which may correspond
to the  process ing required  to shift  the  current task
from one of recognition to text generation (17).

Word prediction may also affect the act of physically
making a selection, once all decisions have been made.
In the case of a keyboard -based system, motoric time
may increase  if the  keys added for selection of word
prediction choices are  s ignificantly more difficult  for
the user to access. In a  scanning system, motoric t ime
depends on the  switch hit  time as  well as  the scanning
distance to the selection, and this distance is  likely to
be reduced using word prediction.

Associated Time Requirements
The times required for each of these component actions
may vary widely between AAC users. However, many
of these processes can be quantified based on the
experimental performance of able- bodied subjects; this
approach provides a "best- case" baseline and can be
expected to apply to AAC system users  who have
cognitive and perceptual abilities within normal limits.

Several HCI studies have been performed on the visual
search of l ists , in which subjects  search for a  given
target word and make some motor response to choose
the target (8,15). The response times  reported, when
corrected for the motor time, provide estimates of the
time spent in visual search and target recognition. For
short lis ts (around five items), ordered either
alphabetically or by frequency of use, search times
after some practice are 1.0 -1.5 seconds (8,15) and may
be expected to increase logarithmically if more items
are added to the list (8). With substantial practice, it
may be possible to achieve search times of 0.5 seconds,
although this estimate  has not been validated (7).

The other cognitive processes discussed above are not
as  directly quantifiable, although re levant HCI work
can supply approximations here  as well. First, since
the user of a  word predic tion sys tem is  faced with a
choice of text generation methods (either to search the
list or ignore it), times  measured for choosing between
methods in other domains indicate how long this
decision might take. In a study of expert spreadsheet
users , subjects  cons istently took an average of 1.76
seconds just to choose whether to type or point to cells
in entering a  formula  (9). Other work has estimated
cognitive processing of t his type to take 0.62 -1.35
seconds (2). Second, the  amount of time required to
shift attention from word recognition to text
generation can be estimated us ing an established
model of human information processing (2). While the
details of the model are beyond the scope of this paper,
the cognitive shifting task can be considered to require
one cycle of the "cognitive processor" (2), or about 0.1
seconds, for a  skilled user without cognitive  deficits.
While  these specific  es timates  are  li t t le  more than
educated guesses at this point, the basic concept -- that
unobservable cognitive processes take measurable and

sometimes lengthy amounts of time -- has been well -
validated in studies of HCI (2,9, 10).

Finding the Cross -over Point
A primary goal is  to establish methods  that can define
the cross  -over point between ra te  enhancement and
rate inhibition in terms of system parameters and user
characteristics. One approach to this is  to gather more
data  on users' speed with and without word prediction
and attempt to draw some general conclus ions based
on the  results . However, while  this  approach may
successfully determine cross -over points for specific
user and sys tem characteris tics, it cannot make
predictions about how changes in either the  user or the
system will affect the cross -over point.

A more comprehensive approach attempts  to create an
analytical framework that integrates  system and user
factors  and supports the simulation of unlimited user -
system combinations. Preliminary work has
demonstrated the  use of one such framework to make
theoretical predictions  about user performance with
and without word prediction (7). Model simulations
predicted that text entry speed with word predic tion
would usually be lower than speed using le tters only,
us ing parameter v alues  like  those discussed above.
Other investigators have also explored analytical
modeling techniques, with similarly interes ting
results, that demonstra te  the  potentia l power of the
modeling approach to address  the  numerous trade -off
issues that exist in AAC (e.g., 3,4).

The following example  illustra tes one type of s imple
analys is  that can be done  with modeling, us ing the
timing parameters estimated above. First , for a
keyboard -based letters -only system, text entry speed
can be es timated at (5.7)(Tk) seconds /word, given 5.7
le tters /word and Tk as the  user's  keypress  time. If
word prediction is added, with a  keystroke savings  of
50%, text entry speed becomes (2.85)(T,p + TO, where
Tep is  the time spent on cognition and perception for
each selection. Assumi ng Tk is  the same for both
sys tems , the  equations  predict that the le tters  -only
system will be faster for all  Tk < Tip. Using best -case
timing values , and assumi ng a ll processes  occur in
series (2), Tcpis 1.22 seconds, which implies that word
prediction will not enhance rate for individuals  whose
keypress time is less than 1.22 seconds . Note that this
example is only an illus tra tion of the  approach, and
continued research is necessary before specific values
can be applied in practice.

Impl ic a ti ons
A major implication is the  need for a shift  in research
focus from system development to user - system
interaction (11). Specific questions that need attention
include;

1, Do users  actually perform all the processes
discussed above? If not, why not?

2. How much time does each process really take?
And what is the individual variation?
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How do the times add up? Are processes
performed seria lly, or partially in parallel?
How well do model simulations predic t ac tual
performance?

Answe rs  to  thes e  que s tions  req uire  a  gre at de al of
empirical measurement and observation. The key
point is that , i n ad dit ion to me as uri ng t he overall
performance, we assess the  individual contributions  of
the component actions  that produce that performance,
in order to build a  foundation for a general modeling
technique.

Although much re search remains  t o be  do ne,  these
ideas have practical implications today. For AAC
clinicians and users, an awareness of the  cognitive and
perceptual cos ts  that may be  introduced  with word
prediction provides an important balance to
manufacturers'  c la ims  and can help the user make a
more informed decision. For sys tem developers,
application of the ideas within the relevant HCI
literature could result in significant design
improvements .

Discuss ion
An important l imitation of this approach is  that while
its primary focus is text entry rate, there are  numerous
additional factors that determine the ultimate success
of any AAC system. For example , users  may express
preference for a  word predic tion sys tem because it
helps their spelling, regardless  of i ts  effects on sheer
speed (17). Additionally; improving physical efficiency
may reduce fa tigue for some users , allowing them to
work longer or more comfortably. Finally, a  user may
just have a personal preference for a particular system.
The optimal mix of text accuracy, user fa tigue, and
communication speed depends greatly on the specific
goals and abilities of  t he user and achieving this
requires a combined effort of clinician and user.
However, a framework that provides  an understanding
of the  f ac tor s  tha t det ermine text ent ry  sp ee d a nd
predicts the sp ee d  t hat  ma y  b e accomplished with
practice  would provide a  s ignificant contribution to
this effort.
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SPELLER: AN ALTERNATIVE SPELLING CORRECTION SYSTEM
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ABSTRACT

Correction of spelling errors has become a standard
part of commercial word processing systems.
However, these  sys tems  were  des igned fo r of f ice  use ,
where mistypings occur more frequently than actual
spelling mistakes. This paper desc ribes an alternative
system, which is specif ically designed for users who
have se rious  spe ll ing  d isorders. The sys tem has been
successfully piloted in schools and performed
favourably when tested against commercial software.

BACKGROUND

The author is part of a team who have been
conducting investigations into devices  which aid users
with a varie ty o f communication diso rders, in particular
the PAL prediction system (1), which had  been f ound
to be of considerable help to users with spelling
disorders, enab ling them to increase bo th the ir speed
of  output and  quali ty o f p resentat ion. However, i t  was
felt that it would still be useful to design a system
which could operate in conjunction with PAL, and
correct any errors which had occurred in the text
output despite the use of the PAL system.

STATEMENT OF THE PROBLEM

The prog ram would be  required to  analyse  any entered
misspellings, and to present a list of suggested
corrections to the user, based on its internal
dictionary list of acceptable words. The production of
suggested corrections would have to take into
account the nature of characteristic errors made by
spelling- disordered users.

RATIONALE

Previous studies into the problem of spelling
correction have tended to concentrate on two
part icular areas . In papers  (2) and (3 ), it  was  assumed
that the misspelling had one erro r, which would  be  a
wrong, missing, or extra letter or a single
transposition of letters, and so potential corrections
would dif fer from the initial spelling by only one of
these error types. This  work was extended  in (4) and
(5) where algorithms were given to determine the
'distance' between two strings as the minimum
number of 'edit operat ions' required to transform one
string into the other. In (6) and (7), a system of
phonetic coding was employed which attempted to
ensure that spelling variations of names for example
'Smith' and 'Smythe '  would  be  converted  to the  same
code. The autho rs have sought to create algorithms
which would not only perform processes similar to
those in (2,3,4,5) (as employed by many standard
commercial spelling checkers) but also to handle

phonetic checking in a more thorough manner than
previously attempted in this area.

DESIGN

8.4

The Speller sys tem was designed to operate on an
IBM PC or compatible computer, in particular the
Zenith Z181 portable. The p rog ram would be primarily
required to search through an ASCII text file
matching each word against entr ies in a d ic tionary of
approximately 5500 words. An initial study of work
produced by schoolchildren with spelling problems led
to the conclusion that most of their errors could be
divided into two classes:

I) lexical e rro rs where  the majori ty of  the le tte rs in the
misspelling corresponded to the letters in the
intended word e.g. 'Egfis' for 'English';

ii) phonetic errors where the spelling was incorrect,
but the misspelling sounded close to the intended
word e.g. 'eggricichr' for'agriculture'.

I t  was  there fo re dec ided  that on encounte ring  a str ing
which the program is unable to f ind in its dictionary,
the program would perform two processes:

i) to search for words where the letter content was
considered to be suff iciently close to that of the
misspelling (and also, to a lesser extent, the letter
order);

ii )  to search the  d ic tionary fo r appropriate phonetically
close words.

DEVELOPMENT

I t  was  dec ided that in orde r to f ind  phone tic  matches ,
it  would  be appropriate  to  b reak down each word into
its constituent phonemes and perform a comparison
of the phonemes in the misspelling against the
phonemes contained by words in the dictionary, and
in this way search for words with high phonetic
similarity to the misspelling. For this purpose, a text -
to- phoneme conversion system was developed. A
rulebase (8) developed for the purpose of text -lo-
phoneme conversion was  adap ted to make i t relevant
to the sounds and pronunc iations in 'British English'
rather than 'American English'. Approximately 100
rules were added to increase the accuracy of the
rulebase. Using the rulebase, a phonetic
representation of the entire resident dictionary was
compiled, so  both a d ict ionary o f  words and a paralle l
associated phonetic dictionary could be held in
memory simultaneously. To compare two col lec tions of
phonemes, the  vowe l phonemes  in each collection or
'phoneme string' were analysed, and then the
consonant phonemes in each phoneme string were

analysed separately, and  in each case a measure of
similarity was constructed. Greater emphasis was
given to  the analys is  of  the  consonant phonemes, as
the consonant parts of  words  carry more information.
Consideration was given during the process to the
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proximity of individual phonemes to each other; for
examp le the  ' v'  sound  was  cons idered  c lose r to the  T
sound than, say, the 's' sound. An algorithm to
measure lexical similarity of the misspelling against
dictionary words  was also constructed. The technique
used  was essential ly equivalent to  the  algo ri thm g iven
in (5), and referred to previously, with transposition
of letters being assigned a minimal penalty. It was
hoped that this would be particularly appropriate for
the target client group, in view of the observed high
frequency of  letter scrambling by this group.

EVALUATION

The program was tested against four commercial
spelling correctors, by running samples of text from
five children known to have spelling dif f iculties
through all programs, and observing the percentage
of times when each program was able to offer the
relevant correction for a misspelling. Initially a small
samp le, containing 100 misspellings was run through
Speller and the four commercial programs,
Correc tStar, PCWrite (both IBM programs) and
WriteNow 2.0 and MacWrite 3.02 (both Macintosh
programs). Speller performed somewhat better than
all of these programs in this initial test. It was
however decided  to conduct a more  de tailed test on a
sample of 709 misspellings using Speller, the IBM
program that had attained the best results
(Correc tStar) and the Mac intosh program that had
performed best (WriteNow 2.0). It was observed that
WriteNow 2.0 appeared to operate by using edit
operat ion analys is whereas CorrectStar appeared to
use both edit operation analysis and some basic
phonetic analys is. The results of this more detailed
test were very favourable towards Speller. Not only
did it f ind a signif icantly higher percentage of
intended spellings (57% of correct spellings as the
first prediction against 34% and 36 %) than both
commerc ial programs, but its failure rate was also
much lower (14 0/ 6 agains t 45% and 55  %). Versions of
Speller have been introduced into the classroom
environment for further field testing of the program.
The reported response of bo th teachers  and  pup i ls to
the sys tem have been positive and a more detailed
f ie ld  evaluation o f the  program is p lanned . Evaluations
of the program, in particular de tection of unexpected
behaviour of the matching algorithms, has been
he lped by a f eature  o f  the  sys tem, namely that al l data
generated  during inte rac t ive  use  is  logged on d isk f o r
future examination.

DI SCUSSI ON

The results of the tests of the program suggested
that a system had been developed which was much
more appropriate f or the special spelling requirements
of the target group of users than commercially
available spell- checking software. One of the major
reasons for this would appear to be the phonetic
matching algo ri thm: whi ls t many programs are unable
to hand le even the  spe ll ing  of  'phys ics '  as  ' f ys ics '  the
Speller system will even offer 'physics' when spelt
'fzx'. Work is continuing to improve the matching
algorithms where appropriate, and is now being

extended  to give the program the optional facility to
query genuine  spel lings  when the  word  in ques tion Is  a
homophone for another word.

CONCLUSION

A spel ling aid has  been designed f or users  with severe
spelling disorders. This prog ram appears to be
signif icantly more helpful to this particular class of
user than a conventional type of spelling corrector.
The program is able to  f ind the correct fo rms of the
vast majority of the lexical and phonetic misspellings
in the tes t data and many of those found  would not
be  immed iate ly obvious to a human when taken out o f
their context.
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SYNTAX PAL - A SYSTEM TO IMPROVE THE SYNTAX OF THOSE
WITH LANGUAGE DYSFUNCTION

Corinne Morris, Alan Newell, Lynd a Bo oth & Jo hn Amott
Microco mputer Centre,  University of Dundee

Dundee, Scotland

ABSTRACT

Delayed  o r diso rd ered  exp ressive language often ac co mp a-
nies p roblems with spelling. We are developing a writing aid
to help individ uals with express ive language d ysfunc tio n, as
an extension of PAL, a previously developed predictive spell-
ing and typ ing aid. The enhanc ed system uses  syntactic  in-
formation to choose the predictions and will provide a poste -
diting p hase to remo ve any grammatic al errors remaining in
the text.

BACKGROUND

PAL (1),  a pred ictive text inp ut program, was  originally d e-
veloped as a typing aid for individuals  with motor pro blems
and was evaluated with scho olc hild ren in T ays ide (2).  It was
found that many of these children also had spelling problems,
and using the program helped their spelling. It became clear,
as their s pelling improved and their written o utp ut inc reased
through us ing PAL, that  some of the non - speaking users of
PAL als o had p roblems  structuring their written language in a
normal grammatic al fashion.

The specific areas of syntactic  diffic ulty vary from person to
person in our study group.  Some of the prob lems of the non-
speakers ap p ear to  b e related  to their us e of Bliss ymbo l
boards (3) to communicate. As Bishop (4) suggests, this com-
munication system can hard ly be resp ons ible for their bas ic
language dysfunction, and it  is  und o ub ted ly beneficial in
many resp ects. However, it t rains the no n - speakers to use
words in some non - standard ways; the impact of this is seen
clearly in the writing of one of our no n- sp eakers , and  mo re
subtly in the writing of the other two.

Two  o bvio us areas where the co mmunic ation b oard system
has  influenc ed  grammar are use of tenses , and  nuanc es o f
meaning. In Blissymbo lic s, the symbo l for a tens e is writ ten
together with the s ymb ol for a part icular verb to give the in-
flected verb. However, with a o ne -finger pointing system, the
symbol fo r the tense mus t b e p ointed  to  separately fro m the
symbol for the verb, and so is effectively treated as a separate
word.  This  has carried over into  one of our non - sp eakers'
writing: he inserts the word  "past"  or "present" or "future" in
the sentence rather than inflecting the verb.

On a co mmunic ation board, there is als o no t much ro om for
nuances of meaning. On our non - speakers'  boards, one sym-
bol is used for both "hear" and "lis ten "; another for " talk ",
"sp eak"  and "s ay'; another for " like"  and  "enjoy" (although
distinc t symbo ls do exis t, o nly the symbo l fo r " like" is used
on their boards). Both of our older non - speakers use "like" in
co ntexts where "enjo y" wo uld  normally b e used,  a mistake
mad e b y o nly one of the sp eaking c hild ren in o ur stud y

group. The oldest no n - s peaker in p artic ular has numero us
similar p roblems.

STATEMENT OF  THE PROBLEM

8.5

Desp ite individual differenc es,  and  differences  related to use
of Bliss boards, syntactic erro rs made by our subject group of
young people with language dysfunc tion are b roadly s imilar,
the exc eption is a c hild with Down's syndrome, whose writing
is  very d iffic ult  to dec ip her d ue to  very b ad  sp elling,  and a
tendency to wander from subject to subject and into long repe-
titions of a single word.

For those whose writ ing is more clear, the errors consist
largely o f omitted wo rds or word endings,  and  to a lesser ex-
tent, insertion of sup erfluo us words,  incorrec t use of words,
use of words in the wrong order, and disagreements of number
and tense. Examples of the sort of writing produced by two of
our young peo ple give a mo re co ncrete id ea of thes e p rob -
lems.

I in  b ed  n o well . I miss b its trip  !o Camp eir-
down to see the animals that sleep. Arlene went
to see me. Gran going see Guy and Nicky.

I went to my garys on struday 1 be playing card
game. And sunday I went to the galaday it is da-
caed. 1 boot fave book. And a tape case. And I
went home to which the tv.

APP ROACH

We are attempting to address the syntactic aspects of language
dysfunction using a s imilar s trategy to that whic h we ado pted
for spelling p roblems . That is, we prompt the writer with syn-
tactically co rrect words. The writer thus only needs to select
words from a lis t of predictions  rather than typ e the ap propri-
ate wo rds in full.

The predictive sys tem we have d eveloped, "Syntax PAL ",  is
an enhanc ed  vers io n o f the p redic tive typing program P AL.
Early work examining the use of syntax in a p redic tive s ystem
was  reported  in (5). This work inves tigated  whether the use
of s yntax co uld  improve keyb oarding effic iency fo r peo ple
with motor dys function. The results  indic ated that a small in-
crease in keyboarding efficiency could  be achieved , and there-
fore s yntactic parsing was  no t added to PAL at  that time. It
has  no w b een ad d ed to help  us ers  with their syntax,  rather
than to increase keyb oard ing efciency.

Our s ub ject  group of p eo ple with language d ysfunctio n also
have s pelling pro blems,  and therefore it was imp ortant to in-
corporate the func tionality o f P AL into the system. Als o, we
wanted to keep the user interface as s imple and unobtrusive as
possible. The interface therefo re remains essentially the same
as that of PAL.
A window of 5 predicted wo rds follows the c ursor around the
screen, and the 5 predictio ns change as letters are ad ded to or
deleted  fro m the word being typ ed . The major d ifference b e-
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tween P AL and S yntax PAL is  the type o f wo rds  p red icted .
PAL pred ic ts  frequent wo rd s and recently used wo rd s begin-
ning with the p refix whic h has b een typ ed ,  the o nly p rovis o
being that  c ertain func tio n wo rd s  are no t allo wed  as  predic -
tions immediately after certain other function words  (e.g. " the"
will not be predicted after "the ").

Syntax PAL also us es frequency and recency of wo rds - but in
ad dition it  p erfo rms a c omplete s yntactic  pars e of the part ial
sentence that  has  b een typ ed  s o  far, and  o nly pred icts wo rd s
which could, ac cording to  the rules of English syntax,  occur at
this  po int . Like many parsers, its kno wledge of English syntax
is inc omp lete;  but it is complete enough to be helpful to users
with language dysfunctio n. Our earlier at tempts to inco rporate
some syntac tic info rmatio n into  P AL (5) had  o nly co ns id ered
two  -wo rd  s equences,  rather than co mplete sentenc es , and so
could  s ometimes  give syntac tically inap prop riate pred ic tions.
This  new sentence-level ap pro ach eliminates this po ssibility.

DIS CUS S ION & IMP LICAT IONS

It is likely that S yntax P AL will help  more with s o me o f the
types  of error mentioned ab ove than others. For examp le, con-
sider the s entence It birthday Sheila, for It is Sheila's birthday,
whic h was writ ten b y one of o ur no n - sp eakers . It co ntains
three errors. The verb is has been omitted, as  has the 's on the
end  of Sheila; also Sheila and birthday have been reversed.

A user of S yntax PAL would initially b e given the five predic-
tions I, We, It.  The.  He. It could be selected  immed iately with
one keystro ke. The pred ictions then change to is, was, went,
has, had. The writer is  thus  reminded that is would  be an ap-
propriate word to fo llow It.

As suming that is is selec ted, the next set of predictions  will be
th e,  g oing ,  a , my, i t . There is  no thing here to  p ro mp t the
writer to  begin writ ing Sheila rather than birthday, and o nce a
wro ng init ial letter has  b een typed, S heila w ill never be p re-
dic ted. Ho wever, since birthday belongs to a wo rd class
whic h canno t, ac c o rd ing to  the limited  grammar o f S yntax
PAL,  c o me immed iately after It is, this word  will be given a
low priority for predic tio ns. The writer will thus have to  type
quite a few letters  o f birthday before it is  predicted. Further-
mo re,  when birthday is  predic ted  it  will ap pear in a sp ecial
place in the prediction list , that is, after o ne or mo re suffixes.
This plac e in the prediction list  is reserved for words which the
program has class ified as ungrammatical in this context.
Therefo re the writer is given an ind ic ation that  so mething is

wro ng.

As sume that the writer realizes what went wrong,  deletes
birthday, and  begins to type Sheila. After two or three letters
(d ep end ing on the exact content of the user dictionary)
Sh eila's w il l appear, Sheila  will only app ear later in that list ,
or in a later p redic tio n lis t  if  the writer igno res Sheila's and
continues to type. Both It is Sheila and It is S heila's are gram-
matic ally c orrec t;  but Sheila's is predicted first,  b ecaus e the
sys tem's  knowledge o f grammar inc ludes  freq uency s tat is tic s,
and  s entenc es  with the structure of It is S heila 's app ear mo re
freq uently than s entenc es  like It is Sh eila in the co llectio n of
child ren' s writ ing us ed  to teach the p ro gram its grammar.
However, the system will gradually ad ap t to  the sp ec ific  s tyle
of an ind ividual using it , and therefo re the order of pred ic tion

of Sheila and Sheila's could  co nc eivab ly c hange in t ime for a
part icular user. The grammar only adapts to the user 's co rrect
habits, and doesn' t learn mistakes.

Pred ic tion has o ffered  s o me d egree of help  for each o f the
three mistakes in the ab ove example,  but is mo re immediately
helpful fo r s ome o f them than others. It is  prop osed  that  any
mistakes which are made despite this help can be corrected in a
postediting phase.

We are lo oking at two  c omplementary ways of helping po st  -
check for grammatic al mis takes. One way is using a s p eec h
synthesizer to read bac k what has been writ ten, as it has  been
found that non - sp eaker;, in particular, can be help ed to  find
their own mis takes b y having their wo rk read  b ack to them.
The sec ond way is to use a s yntax c hecker to find  potential er-
ro rs and  sugges t p os s ib le c orrections , whic h the writer c an
cho ose from or rejec t. We are inves tigating ho w b est  to  co m-
bine these two approaches to postediting.

Grammatic al help c an be provided  in a po stedit ing phase, b ut
Syntax P AL aims  to  help  the writer avo id  making mis takes ,
rather than merely correcting them afterwards.  In c onjunction
with postediting tools,  it may b e us ed as  a language p rosthesis
for some users, or a language learning tool for o thers. We are
currently evaluating S yntax PAL with a gro up  o f ten yo ung
peo ple who  have s ignificant p rob lems with written grammar,
and  further develo pment will follow when its performance has
been assessed.
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PREDICTIVE RETRIEVAL OF CONVERSATIONAL NARRATIVES

IN AN AUGMENTATIVE COMMUNICATION SYSTEM

Annalu Waller, Liz Broumley, Alan F. Newell & Norman Alm
Microcomputer Centre, Dept. of Mathematics and Computer Science,

University of Dundee, Scotland, UK.

ABST RACT

Augmentat ive communication devices  can enable non-
speaking people to speak using phrases and
sentences. Although conversational narrat ives play an
important part in conversation, augmentative
communicators se ldom sequence  sentences to  fo rm a
narrative because o f the physical e ff ort involved. This
paper reports on the progress of a system which
provides an efficient storage and retrieval system
which eliminates much of the effort required to tell
stories [1].

INTRODUCTION

Current communication systems for non - speakers are
based mainly on letters or words as the basic unit
selected, although some use is also made of phrase
and sentence storage. Yet, as Clarke and Clarke
report [2]:

.. hardly any of our day - today use of language
stops after one sentence. People engage in
conversations, stories, goss ip and  jokes  that cons is t
of a succession of sentences in a highly organized
social activity."

Conversational narratives provide a communicative
way of forming experience and relating past
experience [3], and play an important part in an
individual's social and educational development. Very
few augmentat ive communicators, however, use their
devices to engage in impromptu stories, gossip or
jokes as the physical effort needed to produce the
text is too great. Competent communicators will
often ask friends to transmit longer communication,
while others prepare stored texts before delivering
lectures or attending meetings. But, the retrieval of
large chunks of text within a conversation is rare
because of encoding demands.

Instead of placing recall burdens on the user, our
research attempts  to release the user f rom having  to
remember what and where specific information is
located by using semantic information about the user
and the conversation environment. That enables non-
speaking  peop le  to  relate  experiences , sto ries, e tc. - a
communication activity which, up to now, has been
impossible.

A prototype system has been developed which
contains the semantic information necessary to
retrieve pre- stored narratives without the user having
to  do the  equivalent of  a database search, while trying
to  hold  a conversation at the  same time . Prediction of
narrative texts and assisted searches for requested
texts are pe rf o rmed  on the bas is  o f minimal input f rom
the  user and, once  a conversational narrat ive has been
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selec ted, a narration procedure al lows the user to step
through the text at their own pace.

The organization and characteristics of conversational
narratives were identif ied in a literature survey and
were used  to des ign the specif ications fo r a narrat ive
storage and retrieval system.

A prototype of this system, called "Prose" (Predictive
Retrieval of Story Extracts), has been developed on
an Apple Macintosh compute r us ing Prolog. "Prose"
is integrated with an existing conversation system,
"TalksBack ", thus providing a total communication
system [4]. Like "Prose", "TalksBack" uses soc ial and
pragmatic knowledge to predict conversational
utterances. Similarly, the algori thms i t uses  reduce the
cognitive load on the user, and it enables the non -
speaker to take a wide range of conversational roles.

A DATABASE SYSTEM FOR CONVERSAT IONAL
NARRATIVES

Several techniques from the field of artif icial
intelligence have been used to simplify data retrieval
and thus reduce the cognitive load and physical
interaction associated with keyword searching and
browsing. The database struc ture  [1 ] has  f ive d is tinc t
components:

A the user interface (including story narration),

B - the retrieval system,

C - the current environment (i.e. identif ication of
communication partner, conversational mood,
subject),

D the knowledge base, and

E - narrative texts.

Each narrat ive  text has assoc iated with it information
which is used to describe the narrative. Figure 1
shows  examples  of  the types  o f  inf o rmation which are
used in association with the knowledge base.

The  retr ieval o f a specif ic  conversational i tem uses  the
current environment se tt ings  to f ind probable choices
for the next conversational item. This sub -set of
items wi ll  inc lude narrat ives which are  assoc iated  with
the current and preceding environments in any way.
The prediction algorithm (Figure 2) first eliminates
those narrat ives  with obvious clashes, e .g . the listener
has heard, o r is not permitted to hear a particular
narrative.

When a sub -set of items has been identif ied, the
current environment is  matched  with each item us ing a
weighting procedure. Associated terms and  concepts
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are identif ied using the knowledge base and weights
are assigned accordingly. The closer the match, the
higher the weight associated with the conversational
item. These weighed items are ordered using
frequency and date information to form the list of
probable narratives offered to the user.

Title of namn,e Fmgoency of use
test die

Associued SObjecu Creation due
sod weighunps

STORY TEXT

Mood Once 1 went io femh Po ui ehar.etevuics
a box of

.........
(ripe of penon who can
be told)

Listener Profile o relative O friend
O male O female o boss etc.
0 child O d.1,

to mdu.0
already told Vegsnre ehancten're.

(tYPc of pmon excluded)
p mlauve o Mend
O bola etc.

FIGURE 1
Information stored with each narrative text

scarf

calculu -.. wcignnng
list for cmrcnt
aubjen A panne,

find all
—

assertions
which math parmer
cha crcrisdcs dt
current nand

look u swat story
sszertioo in liu

° t h—
n0Yes m assertion to son matching

cOnside stor ies io order of
weighting

Expand sopi s  k  wc ig h
.8.101E crinei. lisL

Assert story tide
&

weigh [iris.

End

FIGURE 2
Flowchart of prediction procedure

STORY NARRATION

Once a narrative has been selected, the user is able to
narrate the story by selecting successive lines of text.
These lines are highlighted automatically and can be
spoken or skipped. Additional text can be added
during the narration.

EVALUATION

User trials and evaluation of "Prose" will begin in
January. Two non - speaking stroke clients, who have
been using "TalksBack" for the past six months, will
develop their own narrative databases. A series of
conversations with family and strangers will be
evaluated to see in what ways the availability of
narrative retrieval affects the efficiency of their
conversation. It is hypothesized that a narrative
capability will enhance the communication potential of
augmentative users.

FUTURE DEVELOPMENTS

Once the initial evaluations have been completed, we
will develop the system further, incorporating ideas
gained from practical use of the system. We will
concentrate on areas such as story narration and
pragmatics, and also the interrelationship between
the different levels of communication will be
investigated further.
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Knowledge Representation Considerations for a
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Abstract

We have previously presented the overall system de-
sign for the Compansion system and have discussed
further enhancements to the parsing component that
provides domain independent processing. In this pa-
per, we discuss the knowledge representation scheme
currently under development. The major improve-
ments include a hierarchical -based lexicon represen-
tation, the use of case frame preferences for word role
disambiguation, and improvements to the parsing log-
ic that increase the overall system robustness.

Background

This work is part of an augmentative communication
project being conducted at the Applied Science and
Engineering Laboratories at the University of Dela-
ware and the A.I. duPont Institute. The goal of this
project is to increase the communication rate of phys-
ically disabled individuals via Natural Language Pro-
cessing techniques.

We wish to take as input a compressed message (i.e.,
one containing mainly the content words of the de-
sired utterance) from the disabled individual and gen-
erate a syntactically and semantically well - formed
sentence. For a description of the Sentence Compan-
sion system and the Semantic Parser's role in it see,
(McCoy et al., 90). This paper builds on the previous
work by describing recent insights into the knowledge
representation scheme used by the semantic parser.

Statement of the Problem

The Semantic Parser (see also (Small &Rieger, 82)) is
responsible for determining the semantic role being
played by each input word. It must determine which
word is the verb, what role each noun phrase plays
with respect to the verb (e.g., actor, theme), and what
modification relationships are present.

These inferences must be based on stored knowledge
about individual words and possible word relation-
ships. In our previous efforts, we utilized a a non -hi-
erarchical word categorization scheme, and
represented possible word relationships with relative-
ly simple deterministic heuristics. While this ap-
proach proved satisfactory for relatively small
vocabularies and simple sentence structures, it be-
came necessary to consider substantial improvements
to this aspect of the parser. In addition, we wanted to
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increase the robustness of the parser to accommodate
ill- formed input.

Approach

Our approach is based on a Case Frame -based repre-
sentation of sentence structure with word roles stored
in hierarchical data structures. Heuristics employed
to fill Case Roles represent uncertainty with prefer-
ence scales. These preferences allow us to calculate a
total confidence level for each potential parse. Finally
enhancements to the parser logic allow us to infer the
likely role of a word that is not explicitly stored in the
lexicon.

Case Frame Representation
The output of the parser is in the form of Case Frames
(Fillmore, 77). The main idea behind case frames is
that in a sentence there is a fixed number of roles that
objects can play with respect to the main verb. Given
the input: [John break hammer], the parser will return
the semantic parse below.

((43 DECL
(VERB (LEX BREAK))
(AGEXP (LEX JOHN))
(THEME (LEX HAMMER))
(TENSE PRES)))

This parse is consistent with the sentence, "John
breaks the hammer." The first line gives a confidence
value for the parse, and says that this is a declarative
sentence. The second line states that the main verb of
the sentence is break.The third line states that the
AGEXP (doer) of the break action is John. The next
line says that what is being broken is ahammer.

Given the input; [John tell Mary Joke Sue], the parser
will return (among others) the semantic parse below.

(71 DECL
(VERB (LEX TELL))
(AGEXP (LEX JOHN))
(THEME (LEX JOKE))
(GOAL (LEX MARY))
(BENEF (LEX SUE))
(TENSE PRES))

This parse is consistent with the sentence, "John tells
a joke to Mary for Sue." There are a few new cases
that should be explained. Note that the THEME is
jokeand not Mary; joke iswhat is being told. Mary is
the receiver, the GOAL. Finally, the act is done for
Sue; she is the BENEFiciary.
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Knowledge Representation
The knowledge used by the parser must be as great as
possible because it cannot rely on syntactic informa-
tion. Also, this knowledge must be domain indepen-
dent. The parser utilizes several knowledge
hierarchies of which two are particularly important.
The object hierarchy captures generalizations about
nouns. The verb hierarchy captures generalizations
about verbs.The main verb of the sentence is key in
predicting the semantic structure of the sentence. The
layout of the verb hierarchy is motivated by work in
systemic grammar (Halliday85). There are two general
types of heuristics: Those that are semantic in nature,
and those that are more idiosyncratic to the verb, more
syntactic in nature.

Idiosyncratic Case Constraints
The idiosyncratic case constraints are called idiosyn-
cratic because they are attached to individual verbs,
rather than inherited. There are two key properties
that can be associated with each verb. They are Man-
datory and Forbidden. For example, the verb hit re-
quires that the THEME be filled. The mandatory
feature allows this to be represented. On the other
hand, hit cannot accommodate a GOAL. This can also
be represented in the system. This relates to tradition-
al linguistics. Typically intransitive verbs forbid the
filling of the THEME case: diecannot have a theme
Words other than bi- transitives typically forbid filling
the goal case: give can have a goal. The most common
situation, that of the verb neither forbidding nor re-
quiring a particular case, is represented by the absence
of either feature.

Semantic Case Preferences
The semantic preferences differ from the syntactic
predictions in a number of ways. First, these semantic
preferences are not as definite, they are much fuzzier
in nature, thus the term preference. These preferences
are the basis for the heuristic values given to the out-
put interpretations. Second, unlike the constraints,
these semantic preferences are general enough to be
inherited down a hierarchy of verbs. Third, these se-
mantic preferences are closely tied to the object hier-
archy. The case constraints have no interest in how the
object knowledge base is structured.

Semantic preferences rely on a numeric scale ranging
from 1 for low preference to 4 for high preference. In
this scale, 1 and 4 are for special cases. 4 signifies that
the binding is exceptionally appropriate. 1 signifies
that the binding is only appropriate in special cases.
For normal situations, the ratings of 2 and 3 are used.
At this point, this granularity seems appropriate for
our level of inferencing.

Case Importance Preference - This preference repre-
sents how important it is to fill a particular case in the
frame. This is much more flexible than mandatory and
forbidden which were described previously. For ex-
ample, with material verbs such as kick, it seems
much more likely that the role of THEME will be
filled than that of BENEFiciary. To represent this, a
higher value (3 on the 1 to 4 scale) is given as the pref-
erence of filling the THEME case, while a lower value
(1) is given as the preference for filling the BENEFi-
ciary case.

Case Filler Preference - This preference is directly re-
lated to the object hierarchy. Here, what kinds of ob-
jects should be playing the role is represented, this
along with a preference of how reasonable such a
binding seems. For example, the preference for filling
the BENEFiciary case for most verbs is: ((human 3)
(organizat 2) (animate 2)). This means that 3 points
(again on the 1 to 4 scale) are given for binding a hu-
man in the given role. A binding of organizations,
such as the A.C.L.U., or animate objects yield two
points. This specification may seem ambiguous, is not
any human also animate? True, the solution used in
this system is that if a binding can achieve more than
one score, the highest of the scores is used. Also note
that a list such as the one just given is considered ex-
elusive. In this example, it means that any verb fol-
lowing the stated pattern for BENEFiciaries will not
allow objects that do not have as ancestors one of the
three types given. A chair (inanimate object) would
not be considered as a BENEFiciary.

The inheritance mechanism for the case importance
and the case filler preferences is rather simple. Those
preferences stated by the highest ancestors of the verb.
hold preferences that are reasonable in general. If con-
flicting information is given by more specific (lower)
ancestor of the verb, the more specific information
will be recognized.

Higher -Order Case Preferences - The mechanisms for
Fill -Case and the Fill- Case - with -what preferences are
limited in scope only to one role at a time (e.g., BEN -
EFiciary). The Higher -Order Preferences fill the need
for some more unifying heuristics With this power we
can represent the following: If a non -human animate
(e.g., dog) is the AGENT of a material process, it is
quite unlikely that an instrument is being used.

Unknown Words
The power of this knowledge representation scheme
iprovides robustness in parsing ability. The system is
able to make some sense out of unknown words
present in the input stream. If the parser knows the
main verb of the sentence it can infer the role of the
unknown word and the type of object that is repre-
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sented. The parser assumes that an unknown word is
an object. It then creates multiple senses of the un-
known word; one sense for place, tool, food, etc.
These senses are chosen to cover the range of objects
yet not be too specific. Because multiple word senses
are treated as mutually exclusive, it tries each sense
separately. The heuristic ratings allow the interpreta-
don(s) with the best word sense to rise to the top, and
a moderately intelligent guess of the unknown word is
achieved. The information inferred about the un-
known word can be passed on to and referenced by the
processes that follow the semantic parser. The table
below lists several examples followed by the case that
the unknown word (XXX) is interpreted to fill, and
the type of object in the object hierarchy that the ob-
ject is interpreted to be.

[John break window XXX]
[John eat XXX fork]
[John eat pizza XXX]
[John tell XXX Mary]
[John go XXX]
[XXXcarry paper]

Implications

INSTR tool
THEME ingestible
INSTR tool
THEME abstract
LOG place
AGEXP animate and er-
gative- object (tie)

This approach takes advantage of several important
generalizations. First, the object and verb hierarchies
capture needed generalizations. Also, the preferences
are distributed among the verbs in a motivated man-
ner. This approach lends elegance to the system, and
makes it easier to enhance.

Distinctions between the knowledge have been well
placed. First, separating the idiosyncratic constraints
(what roles must and must not be filled) from the pref-
erences (what roles should be filled, and with what) is
useful. This is key to the elegance of the knowledge
hierarchies, because such behaviors cut across differ-
ent dimensions. The notion of transitivity was used to
explain the more syntactic knowledge. Such knowl-
edge as transitivity clearly cuts along a different di-
mension than that of meaning. For example, the parser
encodes the words eat and swallow as semantically
equivalent. However, swallow cannot typically have
an instrument, while eat may.

Previous approaches to representing such knowledge
have not distinguished between that captured in case
importance and case filler preferences. Without this
distinction, statements such as those of case impor-
tance cannot be made. Recall, that for many material
verbs, such as hit, filling the THEME role is very im-
portant. But without such information, the parser
would mistakenly consider Mary in [John hit Mary] a
BENEFiciary, because, other things being equal, peo-
ple are highly correlated to the BENEFiciary role.

Another major advantage of this system is its use of
heuristics. Not only can the system handle [John
break hammer], but also [John break hammer win-
dow], where hammer now plays a different role (In-
strument). Through its robust heuristics, it can
recognize the preferred interpretation of this message.

Discussion

Although the parser has been radically changed in the
last year, it already captures the funetionaiity of the
previous system, including inferring agents and verbs
in some situations.

With these theoretical improvements in the semantic
parser, we come closer to our goal of making avail-
able an augmentative communication system which
takes advantage of the power of research in the field
of Natural Language Processing.
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Ab s trac t

A c ommunic ation aid which inco rpo rates  a pars er with limited
intelligenc e is under development,  and  is  intend ed help individ-
uals  with aphasia to  co mmunicate. There are three imp ortant
iss ues that must be add ressed in the design of s uc h a s ys tem:
language repres entatio n (how to represent wo rds , phras es, and
topics in a way access ible to a person with aphasia), vocabulary
selection (which words , etc., to include in the system), and syn-
tactic and p ragmatic  defaults (what kind  of sentence structures
sho uld  be included  in the p arser 's generative c apacit ies ). This
paper exp lores  a method ology fo r des igning an intelligent com-
munic ation device that pays particular attention to these is sues.
Much of what is dis cus sed  should also  be us eful for des igning
conventional communication s ystems as well.

Bac kgro und

The term aphasia refers to an acquired dis turbance of commu-
nic ation res ult ing fro m d amage to areas o f the b rain that  are
res po nsible for language functio n. Aphasia varies in terms of
severity and predominant symptoms, but for most p eople, apha-
sia involves p roblems in talking, listening,  read ing,  writ ing,  and
gesturing. Other motor and sensory problems, such as dysarthria
and apraxia, frequently coexist with aphasia (Katz, 1990, p. 167).
Defining aphasia in terms  of general vers us  s pecific  language
impairment leads  to c ontro versy about clas sifying persons  with
aphasia into various types.

Those who require classification of specific impairment (Rosen -
bek,  LaP oint, & Wertz, 1989; Go od glas s & Kap lan, 1972;
Kenes z, 1979) divide ap hasic patients into groups  acco rding to
salient symp to ms . There are numerous classification systems.
Some of the mo st p opular systems reflect  univers ally observed
symptomatic differences. Some p eop le with aphasia talk a lo t,
while others s peak very litt le, leading to the binary c lassification
of Jfuent versus nonfluent aphasia ( Goodglass & Kaplan, 1983b).
Some aphas icpatients  have pred ominantpro blems in understand-
ing and others have predominant problems in word finding. Thus
clas sification mayb e made o n these bas es: expressive- receptive
aphasia (Weisenburg & McBride, 1935) versus  taxonomic cate-
gorization of aphas ia (Kertes z, 1979).

Sup po rters  of the generalis t app ro ach (Darley, 1982; S chnell,
Jenkins & Jimenez - Pabon, 1964) resist categorization, and main-
tain that patients suffering from aphasia have in common symp-
toms whic h can be desc ribed  as impairment of the capacity for
interpretatio n and formulation of language symbols . Such symp-
toms inc lude multimo dal loss  o r red uctio n in effic iency of the
ability to dec ode and encod e conventional meaningful linguistic
elements (such as morphemes and larger syntactic units), reduced
availability of vo cab ulary,  reduced  effic iency in app lic ation of
syntac tic rules,  reduced  audito ry retentio n span, and imp aired
efficiency in input and output channel selection (Darley,  1982),

Augmen tat ive /altemativecommunication (AAC) systems which
would be useful for peo ple with ap has ia must inc orporate fea-
tures which ad dress b oth the diversity and the c ommonality of
this pop ulation. F or example, it may s eem as tho ugh a s ystem
which provides speech output for pre -stored sentences might be
quite suc cess ful for an individual with aphasia who is unable to

formulate and  art iculate his o r her own sentences. However, a
sentence vo cabulary can be diffic ult to p roc ess for many indi-
viduals with ap hasia, because they may have difficulty plac ing
a s entence lexic on into wo rking memory. Pictorial rather than
orthographic ind ices have been shown to  improve the ability of
some ap has ic individ uals to acces s vocabulary (Steele, 1987),
yet a sys tem making use of single- meaning pictures requires a
pic ture for each vo cabulary item, making it imprac tic al fo r all
but the most limited  vo cab ularies. The generative p ower of a
word -based system has been deemed beyond the reach of many
individuals with aphasia owing to their problems with syntax and
lexical access, although some systems with elaborate hierarchical
indices have been proposed (Steele, 1987).

Identifying the major needs of a broad range of individuals with
aphasia would seem to supply a direction for AAC application of
technology. Kraat (1990) states that  early research and clinical
reports suggest that AAC techniques might have three important
roles in aphasia treatment:

"F irst , as  a c ompens atory or alternate means  o f
communication in lieu of s poken language, s econdly,
as a facilitation technique for the re- acquisition of spo-
ken language skills ; and thirdly, as an associative'link'
to enable s po ken language skills to take place." (p.
322)

The tas k o f this pap er is to report recent effo rts  and  progress
toward providing a means of accomplishing the first role. A new
type of elec tronic communication device geared toward speech
output for this  population is  currently und er develop ment.  The
hope is that the device will help people with aphasia to overcome
both the lexical access problem (by providing an appropriate in-
terface for word selection) and the syntactic production problem
(by providing an intelligentparser that can generate well - formed
sentences from an underspecified input).

Statement o f the P rob lem

The fas t p rob lem that aris es in the des ign of a c ommunication
aid for people with aphasia is the representatio n of voc abulary,
It is a challenge to represent a large vocabulary in a transparent
manner fo r ind ividuals  experiencing substantial lexical access
problems. The iconic tec hnique under explo ration may p rovide
individuals with a cognitively syntonic representation of several
hundred words.

Even with a transparent language repres entation, the size of the
vocabulary that such an individual can access is necessarily lim-
ited. The s econd problem, thus, is in selecting an app ropriate
vocabulary. The vocab ulary must be large enough for gratifying
interaction,  but small enough so  that its ac cess  does no t over-
whelm an individual with ap has ia.

The goal is to p rovide an individual who has les s than complete
syntax with the ab ility to c reate well-  fo rmed  sentences  by en-
tering just  a string of c ontent words. Thus,  the third pro blem
that must be ad dress ed is  configuring the syntactic prosthesis.
The intelligentpars er must b e able to give an interp retation that
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is complete yet approp riate to the us er's s tyle and needs. It is
certainly pos sible to decide in advance that certain more likely
interpretatio ns s hall be made for given types o f sentences,  but
the system must have a mechanis m for incorporating the default
interpretations that best fit the particular individual.

A large number of individuals with aphasia experience their le-
sions in the 7th or 8th decad e of life. As adults reach their 60s,
70s  and 80s , there are c hanges in many asp ec ts of their lives.
One o f the areas that  reflects  this change Is the way p eople of
this age take part in conversation. Old er persons are listened to
in ways that  are different from yo unger persons. Information
expected from older persons Is, at least in part, determined by the
age -grade role. The type of request for informatio n from them
is often performed as tho ugh the aged  perso n was a repo sitory
of c ultural lore. It  is hypo thes ized  that this role,  alo ng with in-
herent biological changes, may cause older persons to recall and
recode into a story-like mode, which often reflects the extensive
elaboration o f memory information and serves to make it highly
digestible for the listener (Mergler & Goldstein, 1983).

The foregoing paragraph serves to illustrate the notion that el-
derly individuals, who  comprise the majority of individuals with
aphasia, have quite different communication needs from those of
the general population. This  certainly has an impact on the size
and content of an effective vocabulary for such individuals; the
story- telling mode of communication requires a rich vocabulary
which may intersect with, but is not limited to, the everyday vo-
cabulary mos t often asso ciated with elec tronic c ommunication
aids. In addition, the types of sentences favored by these individ-
uals can impact on the typ e of syntactic processing that should
be available in a success ful syntactic pro sthesis. For example,
the use of anaphora, ellipsis, and conjunc tion decline with the
age of the s toryteller and with the comp lexity o f the narratives
(Kemper, Rash,  Kynette and Norman, 1990).

Ap proach

Language Representation

A common problem experienced by peop le with aphasia is  the
failure to access the lexic al items which correc tly express the
semantic meaning the ind ividual wis hes to co mmunic ate. An
ico nic interfac e may be help ful to suc h ind ividuals b ec aus e it
may b e eas ier to identify pictures  or icons which represent the
meaning they wish to expres s. In ord er to make this reasonable
in terms of the p hysic al layout o f an interface, it is not enough
to use single- meaning key ac tuatio ns, since this wo uld require
an interface with 300 keys to represent 300 words . Instead, the
project utilizes an iconic representation approach requiring two
key actuations for each selectio n, which can therefore represent
300 wo rd s using far fewer keys . Consid er, for examp le, the
selection o f the noun sleeve. The first actuation wo uld be of a
key representing the semantic category of the desired noun (e.g.,
CLOTHING). The second key in the sequence would be selected
fro m a s et of mo re complicated  icons, implicit ly representing
items  from several semantic c ategories . The multiple meanings
associated with the seco nd icon would be disambiguated based
on the first  selec tio n. Fo r example, if  CLOTHING has  b een
selected, then an icon picturing a POLICEMAN might result in
the selec tio n of the no un hat, while the s elec tion of an ARM
icon illustrating an arm holding an ice cream co ne might res ult
in the selection of the noun sleeve. Note that the same icons can
trigger different nouns if a d ifferent category has b een chosen,
e.g. , s elec ting the ARM ic on when the FOOD ic o n has  b een
selected  might give us ice cream.

The utility of such a representational scheme is being developed

through interactions with able-minded individualsin their7th and
8th decades, as a prelude to testing on individuals with aphasia.
We hypothesize that this representatio n technique will sup port
lexical access of several hundred lexical items for this population,
using a relatively s mall number of keys.

Vocabulary Selection

Our goal is not merely to  p rovid e an uns truc tured  "word lis t"
for this set  o f clients ; rather,  we feel that  the fo llowing s teps
are necessary in the creation of a complete model of the client
vocabulary:

•  Co rp us Acquisition. Using appropriate data collection tech-
niques, a large representative corpus is gathered.

• L ang uag e Analysis. The co rp us is  analyzed  in o rd er to
answer the following questions abo ut the language model:

1. What words and classes of words are used?

2. What syntactic structures are commonly used?

3. What s emantic c oncepts underly the communication?

4. What pragmatic goals are evid enced in the communi-
cation?

• Lan guag e Model. The results of language analysis are com-
piled into the lexicon, syntactic rules, and semantic concepts
needed to design and implement the communication aid.

Syntactic Defaults

The job of the intelligent parsing component in a communication
aid is to determine which of the available syntactic patterns best
fits a particular input given by the ind ividual with ap hasia. The
knowledge required to perform this task successfully results from
the construction of a language model for a particular client group
(R istoe and Llo yd, 1980). Cons truction of the language model
will reveal p atterned relatio nships  between what the individ ual
wishes to express and the syntactic patterns commonly used by
non - aphasic individuals in similar life circumstances.

Once the client has selected a sequence of icons that express the
intended communication, the parser must "511 in the gaps" left
behind owing to a lack of syntactic knowledge on the part of the
client . Some ind ividuals with language los s are prone to lapses
in correct word order and the omission of function words, such as
determiners  and prepo sitio ns. F or example, the user might key
in the ic on sequenc es for the words TABLE CUP PUT when
the intended  communication is Put the cup on  the table. In this
case, the intelligent parser must determine that CUP is the object
of PUT, and that TABLE is  the loc ative of PUT, and reorder
the words appropriately. The parser must also add any missing
determiners (like the) and prepositions (like on).

Imp lic atio ns

Corpus Acquisition. Cerebro - vascular accidents (CVAs) causing
aphasia often strike individuals in their 7th and 8th decades (60's
and 70' s). Stuart  and  Beukelman (in press ) examine the top ics
and lexica used by S non - aphasic individuals in this age group.
While these individuals are not aphasic, it is reasonable to expect
that their vocabulary and syntax need s are similar to tho se of
aphasics in this age group (Holland, 1975).Beukelman and Stu -
art's data collection methodology has resulted in the recording of
a large amount of previously unavailable data concerning the vo-
cabulary and topics prevalent in an age group commonly affected
by aphasia. Thes e data and the language corpora resulting from
Stuart's subsequent work (Stuart, forthcoming) form the basis of
the vocabulary being developed.
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Lang uage An alysis. The analysis  o f the acq uired  co rp us in-
volves morp hological and syntactic analysis of each s entence to
determine not only the ac tual word forms present,  but als o the
underlying lexical form and inherent meaning o f eac h word . For
example, the verb throw can appear in various surface forms. If a
system fails to p erform morphological analysis, it will b e unable
to determine that throws and threw are both forms of the s ame
verb. In add it io n, if  we fail to  p erfo rm syntac tic  and  s eman-
tic analysis,  we will conflate the occurrenc e of a s ingle form of
throw in sentences like John threw up and John threw the ball.
The key point is  that the s ame s urfac e form c an be us ed to

in-

dicate d ifferent meanings, depending on the surrounding wo rds
(i.e. , syntactic s tructure). It should be noted that s yntax is suf-
fic iently rich to  render ineffectual the use of simple two -wo rd
co- occurrences; for example, in John threw his hands up, an en-
tire noun p hrase is interpos ed between the verb and its  part icle.
In this case, the verb and its particle can o nly be related through
a more complete syntactic analysis. Without this type of detailed
analys is,  broad  class es of words (such as phrasal verb s, non -
neighboring collocations , etc.) cannot be d ist inguis hed o n the
basis of key -word analysis only. It is also difficult to appreciate
thepragmatic communication goals of the client group unless this
type of analysis is performed, since the overall desire expressed
by a particular communicatio n act d epends  quite heavily on its
syntax and semantics.

Lang uage Mod el. Onc e the co rp us  has  b een analyzed , a lan-
guage model is c ons tructed that  inc lud es not only the selec ted
vocabulary, but als o a set o f syntactic constructions, pragmatic
goals , and s emantic concepts that must b e p resent to  s up po rt
communication by the client group. This is necessary to support
the subsequent des ign and development of a communication aid
for the p artic ular client group , since not o nly the vocabulary it-
self but also the syntax, semantics, and pragmatics must also be
encoded in the device (McCoy, et al., 1990).

Disc uss ion

The use of intelligentparsing in augmentativecommunication has
been a distant dream for many years. T he actual development of
suc h a system is no w at  hand. Old er ad ults with ap has ia have
been selected as  its firs t target po pulatio n,  becaus e the needs
of this  c ommunity are und erserved , and the po tential benefits
of intelligent parsing are great.  A s ubs tantial co rpus, reflecting
the actual s peec h and language use of this population has b een
gathered  and is  now the ob ject  of attentio n by c omp utatio nal
linguists and speech pathologists in 3 major centers of research.

Some fo rm of intelligent parsing may hold great p romise in the
des ign o f AAC s ys tems fo r aphasic individ uals.  T he strengths
of intelligent p ars ing (filling in miss ing wo rd s and  re- o rd ering
scrambled input) complement the difficulties of individuals with
red uc ed  language functio n. In ad dition, an intelligent p arsing
system that  utilizes an ic onic interface can make that cap ability
available in a pic torial fo rm that might be easier fo r aphasic s to
access, thus add ressing the impo rtant problem of lexical access
faced  by individuals  with aphasia.

To make intelligentparsing successful fora broad range of clients,
we must envis ion no t a single s ystem with a single vo cab ulary,
but several systems with vocabularies tailored forparticular client
groups and indeed particular clients. The effectiveness of intelli-
gentparsing techniques can only be as effective as the theamount
of care taken to acquire and support the vocabulary and language
mo del required by the part ic ular client or c lient  gro up . Note
we are not suggesting that o ur initial corpora vocab ulary will in
itself be sufficient for all clients. Indeed, the content of individ-
ual "sto ries" must be client specific, and will draw o n b oth the

common vocabulary and  a vocabulary specific to the part icular
client. The client- specific vocabulary must also be acquired and
made availab le in the c ommunicatio n aid . However, analys is of
the collected corp us should  provide us with a set of c ontextual
guidelines  whic h will make it much easier to  query clo se family
members for vocabulary content specific to a given individual in
specific communic ation situations.
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ABSTRACT

Three computer input devices were used to determine
if differences in physical ability result in differences in
mental workload as measured by working memory
capacity. The three devices were a voice input system,
trackball, and two - degree -of- freedom keyboard with
headstick. Subjects with cerebral palsy used the three
devices to perform a dual -task and their results were
compared with those obtained from a sample of non -
disabled subjects. The dual -task consisted of
transcribing a word while remembering a number.
Working memory capacity was defined as the maximum
number of digits remembered correctly.

The values for working memory capacity were
normalized using the results from the Digit Span test
from Wechsler's Adult Intelligence Scale. Results
showed no significant difference in normalized memory
capacities between the two groups when using the
different input devices. However, there were
significant differences between devices and trials for
both groups.

INTRODUCTION

Recent legislation has made it  mandatory that all
government office equipment, including computers, be
accessible for persons with disabilities. As computers
gain broader acceptance in the workplace, a wide
variety of computer input devices are being developed.
These devices may require different mixes of physical
and mental abilities. These devices may or may not be
effective for individuals with disabilities.

Researchers have concentrated on physical
performance aspects, such as keystroke rate and
keystroke accuracy, when evaluating input devices. This
is also the situation in the development of
augmentative computer input systems for persons with
disabilities (Rosen and Goodenough- Trepagnier,1989).
However, barriers to computer accessibility may be
presented not only by physical and sensory components
of computer systems but by their cognitive
requirements as well (Cress & Goltz, 1989).

In this s tudy, an attempt was made to quantify the
relative cognitive load of three non - standard input
devices by determining their effect on working memory
capacity. These values were used along with scores
from a Digit Span test to obtain individually
normalized assessments of memory capacity. The
objective was to determine whether differences in
physical ability result in significantly different values
for normalized memory capacity. A higher working
memory capacity for a device indicates that more

9.1

mental effort is required for its use. Because of a
reduced level of physical dexterity, the group of
subjects with cerebral palsy were hypothesized to
require greater mental effort  to use  a parlicular device.

METHODS

b'cct.
Five individuals with cerebral palsy and five individuals
with no physical disabilities participated as subjects in
this study. Both groups consisted of four males and
one female.

Apparatus
The input devices used were as follows: BUG Voice
Command System (Command Corp., Inc .), FastTRAP
Trackball (MicroSpeed, Inc.) with a screen displayed
keyboard (Freeboard from Pointer Systems), and two -
degrce -of- freedom keyboard with headstick (Johnson,
1986). All keyboards were presented with the le tters
arranged in an a lphabetic order. The voice system
required alphabetic input with a military alphabet.

Procedure
Working memory capacity was measured using a dual -
task computer program written in Quick Basic (Turner
and Engle, 1989). Each subject was presented with a
word - number pair. The primary task involved
inputting the  word that appeared on the  computer
monitor using the  different input devices. The words
were selected randomly from a list of 204 commonly
used words which were 4-6 letters in length. The
secondary task was to remember the number that
appeared next to the word. These numbers were
randomly generated between 1 and 9. If the subject
input the number correctly, the next set consisted of
two word - number pairs. Each time the subject input
the appropria te numbers in the correct sequence, the
number of word - number pairs increased by one. If the
subject made a mistake, the program would retreat to
the previous set size. Working memory capacity was
defined as the maximum number of digits which could
be recalled correctly.

Each subject had a minimum of three trials on each
device. Testing continued until the  value for working
memory capacity for the current trial was equal to or
less than the value from the previous trial. Once a
subject completed testing on all three devices; he or
she was given the Digit Span test from Wechsler's
Adult Intelligence Scale. This Digit Span test was a
measure of memory capacity without a secondary task
or device load. By dividing each subject's values for
working memory capacity on each device by their Digit
Span test score, an individual specific normalized value
for memory capacity was obtained.
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RESULTS

An analysis  of variance (ANOVA) was performed.
The results showed no significant difference in NMC
(n o r maliz e d  me mo r y c a p a c it ie s ) b e t we e n t he  two
gr o u p s . Ho we v e r , th e d e vic e  an d  tr ia l f ac to rs  wer e
b o th  s ig nific a nt . Po s t -ho c  a na ly s is  us in g Du nc an ' s
mu ltip le  ra n ge  te s t  ( a =  0 . 05 )  s h o we d  n o  s ig n if ic a n t
d ifferenc e b etwe en the two  - d eg ree -o f- freed o m
ke y b o a rd  an d  th e  t r ac k b a ll . T he  v alue  f o r  t he  v o ic e
in p u t s y s t em was  s ign if ic an tly lo we r ( F igu re s  I  an d  2) .
Du n c a n ' s  mu ltip le  r a ng e t es t (a = 0 .05 ) als o  s h o we d  no
signif icant d iff e re n c e  b e t we en  tr ials  I  an d  2 ,  h o we ve r
tr ia l 3 was  s ig n if ic an tly  h ig he r ( F ig ur es  3  a nd  4 ).

ANO VA S u mma r y f o r  NMC Va lu e s
Source SS M S dF F

Mod e l 4.465 0.179 25 8.52
Error 1.341 0.021 64
T o ta l 5.806

S o ur c e SS d F F p r >F

B E T W E E N  G R O U P
Gr oup 0.003 1 0.01 0.9336
E r r o r ( S u b ( G r p ) ) 3.580 8

W I T H I N  G R O U P
Device 0.321 2 7.65 0.0011
Grp *Dev 0.068 2 1.62 0.2062
Tr i a l 0.457 2 10.91 0.0001
Dev *T rl 0.010 4 0.37 0.8856
Grp  *T rl 0.007 2 0,17 0.6447
G *D *T 0.030 8 0.18 0.7933

G r o u p : Ab le -  b o d ied  vs .  Cere b ral P als y p o p ulatio n
S u b : S ub jec ts  (1 0)
De v ic e : In p u t Dev ic e s  (3 )
T r ia l: Re p et i t io ns  (3 )
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TB TROP VI

DEVICE
F i g u r e  1 . No r ma liz e d Me mo r y Ca p a c ity  f o r
s u b je c t s  w it h  C er e b r al  P a ls y  a s  a  f un c t io n  o f
In p ut  De v ic e .

Du nc a n' s  Mult ip le Ra n ge  T e s t  Re s ults  fo r  NM

Factor Mean Grouping

Dev ic e
T DO F  KB 0.573 A
T ra c k b a ll 0.542 A
Vo ic e In p u t 0.433 B

T rial
3 0.608 A
2 0.505 B
1 0.435 B

Ot he r me as ur e s  o f  inp ut  d e vic e  p er fo rma nc e in d ic a te d
s ig nif ic a nt  d iffe re nc e s  in the  ex p e c te d  d ir ec t io n s .
S imilar  a na ly s is  o f  v ar ia nc e wa s  p e rf o r me d  o n  o th er
d e p e nd en t me as ur es  o f Ke ys tr o k e Ef fic ien c y  a nd
Ke ys tr o k e Ra te . Key s tr o k e E ffic ienc y (th e r at io  o f
c o rr ec t  key s tro kes  to  to t al k eys t ro k es ) was  s ig nif ic an tly
hig her  f o r s ub je c ts  with o ut  d is a b il it ies  th an  fo r s ub jec ts
wit h c e re b ra l p a ls y. Devic es  als o  d iffe red  s ig nif ic an tly
o n Key s tr o ke  E ffic ie nc y  f o r b o t h g ro u p s .  Keys tro ke
Ra te ( keys t ro ke s  p e r s e c o nd ) was  s ign ific an tly h igh er
fo r s ub jec ts  wit ho u t d is a b il it ies  tha n s ub jec t s  w ith
c er eb ral  p als y. Devic es  als o  d if fer ed  s ignific a ntly  o n
Key s t ro k e Ra te fo r b o t h gro up s . Ne it he r  Key s tr o k e
Eff ic ien c y  o r  Key s tr o k e R at e d if fe red  s ign if ic a nt ly
amo ng  tr ials .

C O N C L U S I O N S

Dif fer enc es  in  p h ys ic a l a b il it y d id  no t  r es u lt  in
s ign if ic an t gr o u p  d iff er e nc es  in no rmaliz ed  memo r y
c ap ac ity. T he re fo r e,  a lo wer  lev el o f  p h ys ic a l ab ili ty
d id  no t imp ly  a highe r c o g nit iv e lo a d  f o r  ta s k
p e rf o rman c e.  T h e No r ma liz e d  Me mo r y C ap a c ity  wa s
significantly affected by device selection. Different
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0
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Z
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TB TDOP VI

DEVICE
F ig u r e  2 . No r ma liz e d Me mo r y Cap ac ity fo r
No n - Dis ab led  S ub jec t s  a s  a fun c tio n o f In p ut
Devic e.
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TRIAL
F ig u r e  3 . No rma lize d Me mo r y Cap ac ity fo r
s u b je c t s  w ith  Ce re b ra l  P a ls y  a s  a  f u nc t io n  o f

T ria ls .

d ev ic es  imp o s ed  d if fer en t lev els  o f me nta l wo rklo a d .
T his  mea s ur e wa s  als o  s ign ific ant ly a ffe c ted  b y
re p e ti t io n  s h o win g an  imp r o v emen t with  ex p e rien c e .

One  s ub jec t  w it h c er eb r al  p a ls y p er fo r me d  s ig nif ic ant ly
b e tt er  with  th e T DO F  Dev ic e  o n a ll  t h re e t rials  t ha n
any  o t he r s ub jec t . T his  is  g ra p hic ally  d e mo n s t rat ed  in
F igu res  1 and  3. Alth o u gh  th e gr o up  wit h c er eb ra l
p als y d id  no t d iffer  s ig nific ant ly f ro m no nd is ab led
gro u p ,  t his  o ne  s ub jec t  s ho wed  a s ignific a ntly in c rea s ed
No rma liz ed  Me mo r y  C a p a c it y whe n  u s in g  t h e T DO F

Devic e.

T he s e  find ing s  mus t b e c o ntr as ted  with  t he re s ults
ind ic at ing  th at  d if fer enc es  in p hys ic a l a b il ity  d o
p ro d uc e  s ignific a nt d if fer enc e s  in Keys tro k e E ffic ie nc y
an d  Ke ys tr o k e Ra te . It  is  als o  re le van t tha t  the s e
s ta nd ard  meas ur es  o f  d e vic e p e rfo rmanc e d id  n o t
imp r o v e  wit h  r ep ea t ed  t r ia ls ,  while  th er e  wer e
s ig nific a nt  d if fe re nc es  in No rmaliz ed  Memo r y Ca p a c ity
wit h p rac tic e. T he  g ene ra l c o n c lus io n  is  t hat  t he
c o g nit ive  lo ad  re q u ire d  b y a c o mp ute r inp ut d e vic e c an
hav e a  s ign ific an t eff ec t  o n t as k  p e rf o rmanc e,  b u t t he
eff ec t  o n p er fo rma nc e is  ind ep end en t o f the  leve l o f

p hys ic al ab il ity o f t he u s er.
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9 . 2

An In t er a c tiv e To o l fo r Vis ualizing the Bio d yn amic s of Hu ma n Mo ve men t

Ted Mo rris,  John Trimb le & Nick T ouras
Rehabilitation Res earch and Develop ment Center

VA Hines Ho spital
Hines,  IL 60141

Ab s t r a c t

A PC  co mpatib le interactive c o mp uter grap hic s p ro gram
has been developed to aid the res earcher or clinician in exploring
new ways  to  visualize the b iod ynamic s  o f human mo vement.
T he d es ign  go al o f the  s o ftware  p a c ka ge is  to  imp o s e  no
constraints  o n the relationships  that can be examined. A brief
description of the software package's features will b e disc ussed
and illustrated. Our future plans include develo ping an inference
engine that c an be used to detect and study movement dis orders
by s tudying the s p aces  that kno wled geab le c linic ians  us e to
analyze human movement.

Ba c kg r o u n d a n d S t a t e me n t  o f  t h e P ro b lem

Altho ugh human mo vement has  b een analyzed  sinc e the
1800' s  (Muyb rid ge),  we s t ill kno w relatively lit t le ab o ut the
bas ic laws that  go vern the complex s equenc e o f b iomechanical
and  neur al even ts  t hat  ac c o mp a ny a p a rt ic ula r mo veme nt.
During the past dec ad e, several investigato rs have used
comp uter graphics  to  help gain an unders tanding o f these laws.
Co mp uter grap hic s  -b as ed  mo dels  have b een d evelo p ed  fo r
walking,  jump ing and  other activities (Lans hammer &Lind roth,
1987: Delp  et  al.,  1990; Rowell & Mann 1989; Mo rris  et.  al,
1986; Lee et . al,  1990). Ho wever, mos t o f these mo dels  are
limited : th ey p ro vid e  a mean s  o f v is ua liz ing on ly specific
mo ve men ts , sets of variab les o r o nly s tatic dis p lays .
Acc ordingly,  there is a need fo r a too l that p ro vides  c linic ians
and researchers with a method for understanding these laws.

Ideally, s cientific vis ualization should  offer investigators a
means  fo r drawing inferences  regard ing the causality of events
that ac c o mp any partic ular events mo vement. Such an
unders tanding s hould  allo w inves tigato rs to  answer q ues tions
such as : (1) Is  t here  a d es c rip tio n  o f  eve nts in terms  o f
to p o lo gies  (within an ap p ro p riate s p ac e) that  c harac terizes
particular mo tion sequences? (2) Can this descriptio n be used to
des cribe the co ntrol laws  that  govern thes e motio n s eq uences;
and (3) If this  des crip tion exists , is  it  invariant and how does  it
change with movement dis orders ?

In o rd er to  answer thes e q uestions,  we have d evelo ped a
software to ol that allo ws  virtually unlimited exploratio n of the
relations hips  between the kinematic, d ynamic and p hysiological
as p ec ts of human mo v eme nt. Our tool allo ws these
relationships  to be explored  easily b y p eo ple with a minimum
knowledge of computer p rogramming.

Ap p r o a c h

Our p ac kage was  imp lemented  o n a P C  -b as ed  p latfo rm
using an AT VistaT m graphics copro ceseso r (TrueVision, Inc.).
We selec ted a menu - driven, multip le- windo w, real -time
enviro nment as the basis for our visualization package with the
intent of impo sing no  co ns traints  o n the relationships  that  c an
be examined.

The so ftware p ro vides a means of d efining 3 -D and  2 -D
interactive windo ws . T hree- dimensional windows may co ntain
any dynamic or time- vadying d ata whic h may b e observed from
any pers pec tive.  T hes e data may include moving vector field s,
bo d y segments  (rigid  bo d ies o r s tic k figures ) o r anatomic al
landmarks .  T he vec to r field s  may c o mprise mus c les  that  are

created by connecting line segments between mus cle origins and
insertions or vectors that represent joint reaction forces, torques
or instantaneous helic al axes . Figure 1 sho ws  an examp le of a
3 -D mo tio n wind o w that  c o nsis ts  o f the meas ured  gro und
reaction force vec tor s uperimpo sed o n a vecto r that repres ents
the c omputed trajec tory of the whale -bo dy center o f gravity.
This d isp lay was  used  to  determine if relat ions hip s  b etween
thes e variab les  c o uld  be us ed  to d erive a lo w- d imens ional,
invariant d es cription o f the biod ynamics of lift ing (see Morris
& Trimble,  1991).

Two - d imensio nal windows may be us ed to examine time -
varying relations hip s  as  sho wn in F igure 2. Thes e wind ows
incorporate mo ving cursors that  pro vide users with a means of
vis ualizing relationship s b etween two- and  three- d imensional
data. Us ers may move these c urs ors fo rward s or b ackward s
through data with a variable rate.  T wo - dimensional windo ws
may als o  b e res ealed  o r rearranged to  highlight o r remo ve
specific features of the data.

The s o ftware also  p ro vides  a means  fo r vis ualizing the
differenc es b etween two  o r mo re s ets  of data. F or example,
users may create displays to vis ualize differenc es between body
segment motio ns  p red ic ted  us ing a hyp othetic al mo d el and
actual motions  or differenc es in b ody segment trajecto ries that
result from different strategies for performing certain tasks.

The us er may als o  s pawn other app lic ations that may b e
used to process  data co ntained  in any window.  These d ata may
be evaluated  grap hic ally and  read jus ted  b y s p awning o ther
applic ations. Thus the software may b e used as an integral part
of a decision- making process for applications such as computer.
aided design.

The software is currently configured to  handle motio n data
either o ff -ine or in real -t ime from the WAT S MART  mo tio n
analys is  system (Northern Digital, Inc .) altho ugh it may b e re-
configured to other mo tion analys is sys tems.

Dis c u s s io n An d Imp lic at io n s

A high- d imens io nal s p ac e is  us ually req uired  to  fully
desc ribe the co mplexit ies  of human movement. Accordingly,  it
is difficult to fully appreciate and understand relatio nships such
as those between mo tio n d ynamic s and  p hy s io lo gic al o r
biomechanical variables without graphic visualization.

Muc h of the wo rk o n human movement has  fo c used  o n
c reating realis t ic  grap hic al dep ic tio ns  o f art ic ulated  b o d y
segments. Our work differs from this in that it focuses more on
pro vid ing us ers  with a means  o f s tud ying human movement
through multiple two- and three - dimensio nal s tate spaces that
may be customized to their needs.

We believe that the to ol that  we have created  will provide
inves tigators  with a means  o f ans wering q ues tions  like thos e
po s ed  previo usly. Our future p lans  inc lud e d evelo p ing an
inference engine that can be used to d etect and study movement
diso rders by studying the sp aces that knowledgeable clinicians
us e to analyze and  und ers tand  mo vement d is o rd ers ,  ad d ing
elementary variable transformations and adding the capability of
visualizing 3 -D time - variant or time - invariant relationships.
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An Interactive Tool for Visualizing

Fig 2: Visualizat ion of same subject  performing the lift ing task. Again the  center of gravi ty and ground re acti on f orce
vector  are r eprese nted i n the view window. A cursors follo ws each of the curves as the motion proceeds. The  pl ot  wi ndo ws
(from top to left bottom) represent the compute d lumbosacral torque vs . time, anterior- poste rior center of pressure
displace ment vs , t ime,  ve rtic al cent er of gravi ty displac ement vs. t ime , ve rti cal compone nt o f t he ground r eac tion fo rce vs.

time, and abso lut e t runk angle vs.  absol ut e t runk angular velo cit y.

RESNA 1 4th ANNUAL CONF ERENCE  • KANSAS CI TY,  MO. 1 991 119



An In t e r ac t iv e To o l fo r Vis u a liz in g

Ac k n o w le d g e me n t s

This  researc h is sup po rted b y the Hines Rehab ilitat io n R  &D
Center.
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Fig 1: Visualization of a sub ject  performing a lifting task viewed from three perspec tives. T he whole bod y center
of gravity (the small cross hair) and  ground reaction fo rce vector are sup erimposed in each view. Note that the
coordinate systems track the 3D po sition and orientation of the pelvis and upper tors o. The digitized points represent
digitized body land marks on the torso and pelvis. The stick figure model is superimposed over the rigid body model
allowing one to easily vis ualize out of plane rotations which c annot be accounted for us ing the stick figure pin joint/
linkage approach. The cursor is following the co mputed lumb osacral torq ue computed from an inverse dynamic
model b ased on the motion o f the stick figure.
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Vertical Vestibular Stimulation and Cerebral Palsy
A Preliminary Report

James  W. tee , Jr.  and James  W.  Labuzzetta
Applied Science and Engineering Laboratories

Alfred I.  duPont Institute/Univers ity of Delaware
Wilmington, Delaware  USA

ABST RACT

The object of this paper is to present a preliminary report on an
attempt to quantitatively analyze the effect o f vertic al accelera-
tions on athetoid movement seen in cerebral palsy. In order to ac-
co mp lish this , wo rkers at  the Alfred  1.  d uP ont Ins titute have
constructed an electro- mechanical system which can apply a pre-
determined vert ical ac celeration to  a c hild  and his/her no rmal
seating system. The researchers also have at their disposal equip-
ment whic h can acc urately and  p recisely meas ure arm flexion
and extension as it t racks  a moving target . Using these two  de-
vices, a study has  commenced with the intent of evaluating vol-
untary mo vement o f the fo rearm ab out the elbo w jo int in terms
of its power spectral density. Comparisons have been performed
of attributes of these densities before and after the subjects were
stimulated in a controlled  environment using known s tatis tic al

methods.

BAC K G ROU ND

Cerebral palsy is a nonspecific term used to describe a persistent
qualitative motor disorder caused b y nonprogressive d amage to
the central nervous  system.  A predo minant c linic al manifesta-
tion of the disorder is athetosis, which is characterized by slow,
writhing, involuntary mo vements whic h lac k fixed  amp litude,
rhythmicity or direction.

Vestibular stimulation has been recognized by rehabilitat ion cli-
nicians as a valuable p art of treatment p rograms for those with
this and similar motor dysfunctions. The benefits of this type of
treatment have b een id entified in the literature as : improved
alignment, impro ved balance reac tions , and more no rmalized

tone.
Most o ften vestibular stimulatio n takes the forms of c ircular or
rotary motion about a vertical axis. This treatment is usually per-
formed by placing the child in a swing and causing it to spin in a
circular fashion. Alternatively, the child is made to  lie prone on
a scooter board while being pushed in a circular motion.

Another form of vestibular s timulation has b een recently intro-
duced in the guise of Therapeutic Hors eback Riding.  The litera-
ture reports various p ositive effects resulting from s essio ns on
horseback. The increasing use of this modality of therapy places
a burden o n tho se reco mmend ing and p ro vid ing it to sho w a
physiological and economic justification for its use. It is the pur-
pose o f our ongoing investigation to attempt to  quantify the ef-
fect  of vertic al vestibular stimulation on atheto id movement as
well as on cerebral palsy in general.

The authors have designed and built a vertical acceleration table.
This table is capable of vibrating a subject in the vertical plane at
various speeds and amplitudes which are physiologically consis-
tent with those experienced by a rider on a horse. In addition, the
authors have in place the means for precise meas urements of el-
bow joint flexion and extension. This measuring device, know as
the Elbow Tracker (ET) is described elsewhere in these Proceed-
ings' . The data collected by the ET has been analyzed by various

statistical methods in an attempt to show a correlatio n between
vertical accelerations and changes in the subject's motor perfor-

mance.

RESEARCH QUE STION

9. 3

Does vertical oscillation of the entire body have any effect on the
cereb ral pals ied s ubject's  ability to track a c omputer generated

target?

METHODS

Vertic al Ac c eleratio n P latfo rm- A vertical acceleration plat-
form has been designed and built by the authors at  the Applied
Science and Engineering Laboratories of the Alfred 1. duPont In-
stitute. The completed system has been in o peration sinc e July
of 1990. The platform, Figure 1, is capable of vibrating a subject

in the vertical plane with adjustab le maximum vertical accelera-
tion. The platform has been designed to apply accelerations with-
in the range of those employed in current modes of therapy (e.g.
the value of acceleration in hors eback riding). That is, accelera-
tion will not exceed 1.79g, the maximum vertical acceleration of
a trotting horse2 . In the present study the acceleration was limit-

ed to a value that subjects  felt c omfo rtab le with, us ually ab out
0.7g.

T areet  T rac kine- The Elbow Tracking system used  in this ex-
periment is extensively outlined  elsewhere in these Proceedings l

and will not be repeated here.

Data Co llec tion- Arm po s itio n data fo r 8 c ereb ral p als ied
subjects (mean age = 14A yrs ) was c ollected at four intervals:
before stimulation, immediately after stimulatio n, and  at 15 and
30 minutes after stimulation. The subjects were presented with 7
separate tracking tasks:

1. Tracking a 0.5 hertz sinusoidal target
I Tracking a 1.0 hertz sinusoidal target
3. Tracking a "random" target
4. Flexing and extending the elbow as fast as

possible or "freewheeling"
5. Hold the forearm as still as possible
6. Traddng a sinusoidal target at a frequency

Chosen by the tester
7. Tracking a sinusoidal target at a second

frequency chosen by the tester
In each case the tracking task lasted 16 seconds and was admin-
istered by a certified physical therapist.
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Data Analys is - Elbo w angle data was  analyzed  by ap plying a
Fas t Fo urier T ransformatio n.  T he result of this trans formation
was a po wer sp ectral dens ity (PS D) c urve s ho wing freq uenc y
and  amplitud e d istrib utions  in the range from 0 to 30 hertz.  We
found early in the testing that most of the significant information
was contained  in a bandwidth between 0 and 5 hertz. One exam-
ple of such a PSD curve is  shown in Figure 2.

x10' POMER FREQUENCY SPECTRUN FOR 1 112. TARGET
a
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- -  a f t e r

P
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R 3

0,
0
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Figure 2. Power Spectral Density Curve

In his  work with athetoid movement, Neilson3 suggested that the

frequency range b etween 0.3 and 0.6 hertz might b e of signifi-
cance, therefore some of our analys is centered on this range. In
the analysis  of our d ata five sep arate attrib utes were ap plied to
the power s pectral density curves obtained from the fast Fourier
transfo rmatio ns. These five attributes  were:

Total Power- Obtained by integrated the frequency spectrum over the
entire range (0 - 30 Hz).
Frequency at Maximum Power- The frequency at which the power
spectral density curve reaches its maximum value.
Maximum Power- The value of power at the highest point on the spectral
density curve.
Momem of Distribution about Maximum Power- Obtained by summing
the power spectral values over the entire range with each value multiplied
by the difference between its frequency and the frequency at Maximum
Power.
Partial Power- The percentage of total power under the wive between 0.3
and 0.6 Hz.

In ano ther p aper pres ented  in thes e P ro ceed ings ' ,  the authors
have sho wn that differenc es  exist  in the abo ve five attrib utes
when they are applied to data gathered from no rmal vs. cerebral
palsied s ubjec ts.  In ap plying the tes ts  to  the p res ent s tud y, we
sought to find a change in the data which moved the attributes to-
ward the more normal values. For example, in Figure 2, the spec-
tral d ensity carve fo r data taken immed iately after st imulatio n
reflects an increase in power under a maximum frequency which
is  s hifted  toward  the target frequency. The curves in F igure 2
also demonstrate a red uction in the power under the curve in the
0.3 to  0.6 Hz. range.

In add ition to the sp ectral analysis  several other tes ts were ap-
plied  to the data. One such test  examined the maximum time a
subject held his/her arm in a given pos ition while attemp ting the
"ho ld still'  t rac king tas k.

RESULTS

Extensive statist ical analysis of the data from our seven tracking
tasks us ing our five measurements has revealed that while there
app ears  to be trend s in the data toward more no rmalizatio n of
values after vestib ular stimulation, no single task or measure has
resulted in a statis tic ally signific ant imp rovement.

By far the most interesting results have come from our examina-
tion of "holding still" tests. In this case six out of our eight sub-
jects showed a tendency toward a greater ability to remain in one
position longer after vestibular stimulation than before. Figure 3,
shown b elow, reflects this  trend.  Unfortunately, as in all of our

MAXIMUM TIME HELD AT ONE POSITION

o BEFORE

x AFTER

SUBJECT •
Figure 3. Holding Still Test

other tes ts,  the d ifferences found  in the d ata b efore and  after
stimulatio n were no t statistically signific ant.

DISCUSSION

Based on the comments of the therapist performing the tests, as
well as others in the room with the subjects at the t ime o f the
tests, the autho rs feel the lac k of statistical significance seen in
the differences in the data collected before and after stimulation
is not a s tatement about vert ical vestibular stimulatio n. Rather
these results tell us that our test were inappropriate, our popula-
tion too small, and the extent of athetosis vs. spasticity in the in-
dividual subjects was not c learly defined. We feel the trends in
the data are enc ouraging and reflec t what was expected . Our
wo rk is  o ngo ing and  in the future other tes ts  will be ap plied
which reflec t more of the physiology involved.
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A constraint for human arm motion in joint space
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ABSTRACT

This paper describes the development of a constraint
in arm joint- space, for routine motions. It was postu-
lated that the angle of the upper arm- forearm plane
about the shoulder -wrist line (y), for routine tasks re-
mains constant or varies minimally. A kinematic
model for the arm was developed. y was constrained
to remain constant and the motion for the arm was an-
alyzed for a specific hand trajectory. The motion was
compared to experimental motion and a pseudo -in-
verse optimization methods. The results were in good
agreement with actual data, suggesting the validity of
this geometric constraint.

BACKGROUND

Human arm motion has been examined previously
[1,2,3]. Typical questions that need to be addressed
are, what are the criteria for motion, is the arm con-
trolled in joint space or Cartesian space.

Information on the movement of the arm and its asso-
ciated biomechanics, as well as being useful to the
medical field would provide much needed data for en-
gineers, in particular prosthetists and roboticists. The
control used by the CNS for motion would help de-
sign artificial devices for the disabled.

Three degrees of freedom are required for positioning
the hand in space. The human arm possesses four ma-
jor d.o.f. for this purpose. The human uses all four
d.o.f. by either minimization of a merit function such
as energy, effort, optimal muscle lengths; or by find-
ing a relationship between variables

This work does not propose a relationship between
specific joint variables, as considered previously [2].
That approach may or may not answer the broader
question of control. Instead,the joint constraint pro-
posed is the rotation of upper arm- forearm plane. This
constraint is simple, although the relationship be-
tween the joints is complex.

RESEARCH QUESTIONS

What are some of the criteria the CNS applies to con-
trol the arm? and can these complex constraint rela-
tionships be represented as simpler constraints in joint
or Cartesian space?

METHOD

9.4

The arm was modelled as a 4 d.o.f., two link system
with Euler angles at the shoulder (,A,yr), and the el-
bow angle (a), figure 1. The inverse kinematics that

Figure 1 Kinematic configuration of the arm

yield the four joint angles, given xyz coordinates of
the hand, were solved. The geometric constraint, i.e.,
fixed -y, was adjoined to the inverse kinematics proce-
dure by way of describing the four joint angles when
the links are both in the vertical plane, then rotating
the plane about the shoulder -hand axis by an angle y.
This was accomplished by utilizing Rodrigues formu-
la for rotation about an arbitrary axis.

Upon examination of experimental data, it was seen
that there was a small variation in angle y for the mo-
tions examined. In an attempt to predict this variation,
a variable y was fed into the Rodrigues formula. y was
varied in proportion to the change in the angle be-
tween the upper arm- forearm plane and a line tangent
the hand trajectory.

In addition, an optimization criterion that minimizes
the total travel of the joints, using the pseudoinverse
technique, was obtained. This criterion was selected
because it minimizes small changes in displacement,
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which relates to mechanical energy.

Experimental data was collected for human subjects
for four routine tasks; arm curl, drinking, swinging,
pulling. The system used was the WATSMART sys-
tem that employs LED's placed on the subject and
gives xyz information of the emitters. The data were
collected at 40 Hz and filtered at 4 Hz using a Butter-
worth low -pass filter. The xyz data were then mapped
into joint -space and differentiated twice, using finite
difference to yield velocities and accelerations, thus
enabling comparison of joint variables between the
experimental and the three theoretical models.

RESULTS

The results for joint angle displacements for two of
the angles for the "pulling" motion are shown in fig-
ure 2. The pulling motion is similar to opening and
closing a door; the right hand starts at a position in

100
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Figure 2a Angular displacement for'pulling'
motion, angle 0

front of the left shoulder, then is brought down to the
right hip, and back again. The figures illustrate the
four methods described earlier (all have the same
hand trajectory). The graph shows that the y -con-
straint methods are close to the experiment but the
pseudoinverse deviates from actual data. The results
from the other motions displayed similar results.

DISCUSSION

body. This could be the minimum energy solution,
however it is not only anaesthetic, but goes beyond
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Figure 2b Angular displacement for 'pulling'

motion, angle 6

human joint limits. The fixed -y and variable -y con-
straints are close to actual motion suggesting the va-
lidity of this constraint. This is not to say that this is
the criterion used by the CNS, but this constraint in
joint space may be a representation of more complex
constraints. Motion that results from applying this rel-
atively simple geometric constraint is shown to be
aesthetically close to human motion, which is impor-
tant when considering application to a prosthetic arm.
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Id e ntific atio n Of A Lo w Dimen s io n al I n v a r ia n t F unc tio n Of Lift ing
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Hines, IL 60141

In t r o d uc t io n

P r o b le m S t a t e me n t :

Mo s t of the stud ies o n lift ing have examined its
physio logical and  biomechanic al sequelae us ing s tat ic,  quasi -
stat ic ,  o r d ynamic mus c ulo s keletal mo d els  (Chaffin 1987,
Freivald s et  al. , 1984,  S c hip p tein et  al. , 1990,  No rman &
Mc Gill,  1986). Fo r example,  S chip plen et al. (1990) app lied
Andriac chi's  (1980) invers e d ynamic mo d el to  d etermine the
rela tio n s hip  b e twee n th e amo un t o f  weight lif ted  and  the
sagit tal -plane torq ues at the lumbos ac ral junc tion and the hip
and kne e jo in ts . They found that certain d yna mic  jo int
characterist ics  were invariant with the amount of weight that
was lifted.

We b elieve that these findings suggest  that there may b e a
more global invariant relationship that can be used to describe
the dynamics of lifting. In fact, McIntyre (1990) states that for
many submaximal lifting tasks, the "human may be regarded as
a 'self - optimizing' machine in which the biological system
becomes coordinated to possibly accomplish a task with
minimum energy expenditure, to maintain balance and to
minimize pain." Our goal was to identify kinematic or kinetic
variables that might define such a relationship.

A clue to this relationship may lie in the fact that balance
is required for proper lifting. When the body is balanced, there
is a unique relationship between the center of gravity (COG),
center of pressure (COP) and ground reaction force vector. The
relationship between these variables might be used to develop
an invariant description of lifting dynamics since they also
reflect the overall dynamic behavior of the biomechanical
system. The purpose of our study was to test this hypothesis.

Potentia l Impact of Research Study:

A simple, yet robust relationship that describes the
dynamics of lifting could be used to analyze and teach lifting
strategies or to identify people with low back injuries.
Additionally, the COG, COP and ground reaction force vector
may be obtained using a force platform thus providing an
inexpensive and simple method for studying low back injuries.

Significance of Research:

An invariant relationship between COG, COP and the
torque at various joints during lifting might reveal specific
characteristics of the neural and musculoskeletal systems that
control lifting. Such a relationship might also reveal the
influence of balance on postural control during lifting.

Method:

Three volunteer subjects were used for our preliminary study.
None of them had a history of low back pain. They were asked
to lift a 10 kg load with handles placed 0.28 in apart from an
initial position that was 0.28 m from ground and 0.54 in in
front of their ankles to a final position that was shoulder height
with their arms fully extended. Each subject lifted the load
three different ways: (1) preferred or free style, (2) bending
predominantly at the knees and (3) bending predominantly at the

9.5

hip. All subjects  were told to perform the lift at  their preferred
rate fo r a minimum of 10 s eco nds .  S ub jec ts were allo wed  to
prac tic e lifting befo re any d ata were c ollected and  they were
allowed to res t at  least 1 minute b etween lifts.

The ground reaction fo rce and moment vector compo nents
were record ed us ing a six - degree -o f- freedom forc e platform
(AMT I, Inc.)  up on which the subjec ts s tood  during the course
of the lift .  A similar fo rc e p latfo rm was  us ed to  reco rd  the
ap p lied  re ac tio n fo r c e ac ting o n the han d s  d uring the lift .
Signals  fro m the fo rc e platfo rms  were d igit ized  us ing a 16-
channel analog -to - digital co nverter (WAT SCOP E,  Northern
Digital, Inc.)  and filtered  digitally with a second -order lowpass
Butterworth filter with a cutoff frequency of 10 Hz.

The three - dimensional position o f infrared light- emitting-
diode arrays (IREDs) placed on one side of the subject's body at
the wris t ,  elbo w,  s houlder,  b o ny p ro minenc e of the femoral
trochanter, knee and ankle were recorded simultaneously using a
two - camera mo tion tracking s ystem (WATS MART, Northern
Digital,  Inc .) .  All kinematic  data were s amp led  at  60 Hz and
filtered digitally using a second -order lowpass Butterworth filter
with a cuto ff frequenc y of 5 Hz.  We also digitized the locations
of the posterior aspects of the calcaneous and distal ends of each
subject's great toe to define his base of support.

The lo c atio n o f the sub jec ts '  L5 /S  1 artic ulations  were
computed on the basis  o f the geo metric  mo del in whic h bo dy
segments  were mo d eled  as  an art ic ulated  s even -link mo d el
(F reivald s  et  al.,  1984).  T he inert ial p ro p erties  o f the b o d y
segments  were estimated us ing anthrop ometric  d ata o btained
from P lagenhoff (1983).

The subjects '  resting COPS prior to the lift were estimated
from kinematic and force platform data obtained while they were
in a quiescent, erect posture. These data were used to determine
the deviation of thew COPS during the lift.

The force data were processed to obtain the trajectory of the
body COG in the s agittal plane and the p oint o f application of
the gro und  reac tio n fo rc e in the ho rizo ntal p lane (S himb a,
1984).  We us ed  an invers e d ynamic  mo del (F reivalds ,  1984,
Sc hip p lein, 1990) to  p red ic t the reac tio n to rq ues  at  the hip ,
knee and ankle joints using the three - dimensional target data and
the reaction forces at either the free or fixed ends  of the b ody
(e.g., hands or feet). We also c omputed the axial compres sion
fo rc e ac ting thro ugh lumb o sac ral disc using the method
developed and tested by Freivalds (1984) and Chaffin(1987).

R e s u lt s :

Interac tive mo tion analys is  s oftware (Morris et  al.,  1991)
was used to conduct an exploratory analysis of the relationships
between the trajec to ries of COG, COP , and  ground  reac tio n
fo rc e ve c to r  and  jo int  d ynamic s . Vis ualizatio n o f thes e
relatio ns hip s  s ugges ted  that  a c o mb inatio n o f the vert ic al
trajectories of the COG and the ground reac tio n forc e vectors
and  the ho rizo ntal trajecto ry o f the COP  might b e s tro ngly
correlated with the torque at the lumbosacral junction.

Accordingly, we applied multip le linear regression to these
variables and  fo und  that  there were linear c o mb inatio ns that
accurately predicted the to rque at the lumb osacral junction, the
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hip joint and to a lesser extent the knee joint. Likewise, there
was  a  linear combination that accurately predic ted the
compression force acting through the lumbosacral disc (L5 /S1)
(Fig. 2). The first  linear regress ion used the vertical
displacement of the COG and the vertical component of the
ground reaction force vector. The second linear regression added
the anterior - posterior displacement of the COP as a third
independent variable. Figure 1 shows the excellent agreement
between the predicted and actual joint torques  and disc
compression force. The analysis of variance for the L5 /S 1
torque are summarized in Table 1. The shapes and magnitudes
of the predicted torques calculated using either the fixed or free
end models were in general agreement with values published in
the literature (Schipplein et al., 1990). The results of the 3-
variable regression analysis clearly show that the greatest
variance in the torque at the lumbosacral junction is due to the
anterior- posterior component of the COP trajectory. The results
of the 2- variable regression anaylsis show that the greatest
variance in the torque at the lumbosacral junction is due to the
vertical displacement of the COG. Note that the correlation
coefficients, (R in Table 1), reveal the improvement in the
curve fit by adding the COP trajectory. The results of the other
joints also followed this trend.

TABLE 1: REGRESSION ON TORQUE ABOUT
L5 /S1 JUNCTION

SUBJECT CORR, R PARTIAL FI STYLE2
COGZ GRFZ COPT{

ALV307 0.949 0.0060 70.623 2147.3 FS
ALV305 0.959 220.80 77.800 1951.9 BK
ALV302 0.976 27.200 187.90 2357.0 BH
TMV304 0.974 454.60 928.90 3226.7 FS
NTV302 0.976 6675.6 143.40 11674. FS
NTV305 0.934 682.30 25.700 7091.2 BH

ALV307 0.847 458.4 1067.3 * FS
ALV305 0.860 1606.5 253.40 * BK
ALV302 0.900 2284.2 221.10 * BH
TMV304 0.916 1313.9 742.10 * FS
NTV302 0.787 2364.9 224.80 * FS
NTV305 0.703 1558.2 723.50 * BH

'The partial F statistic isan indicator of the amount of variance
explained in the torque curve due to the corresponding independent
variable in the presence of the other independent variables.
2FS = Free Style, BK = Bending Knees, BH = Bending at Hip.

* indicates regression on COGZ and GRFZ only where

COGZ is the vertical component of whole body center of gravity
trajectory.
GRFZ is the v ertical component of ground reaction force vector.
COPXis the anterior- posterior component of the center ofpressure
minus the average COP computed for the subject in standing errect
posture.

Discuss ion:

The torques that we are able to predict using a simple, low -
dimensional model are in excellent agreement with published
and actual data. This supports our hypothesis that there is a
global invariant that may be used to describe the dynamics of
lifting. The variations in the joint torques that are predicted
from the inverse dynamic model are due to uncertainties in the
anthropometric and kinematic data. This is not unusual since
investigators have shown previously that uncertainties in
kinematics have a profound effect on torques obtained from
dynamic models (Patrianco et aL, 1981).

In order to completely identify invariances between human
body joint dynamics and the descriptors of whole body
behavior, it is paramount to reduce uncertainties in the predicted
joint torques. We will accomplish this in the future by using
more accurate six- degree -of- freedom rigid body model.
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COMPUTED AND FITTED TORQUE AT LUMROSACRAL JUNCI ION
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Fig  la - c . : Cu r v e s  o f  c o m p u t e d  t o r q u e s  b a s e d  o n  in v e r s e  d y n a m ic  m o d e l a n d  f it t e d  3 -  v a r i a b le  r e g r e s s io n  e q u a t io n  w h ic h  u s e d

COGz, COPx, and vertical component of grnd reaction force, GRFz. All torques are normalized with respect the subject
body weight + height in Newtons and meters respectively. The first peek represents the subject lifting the load for the first
time.
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Fig 2: Curves of c omputed dis c compress ion force and fitted 3- variable  regressio n equation using the independent  variables
as descr ibed in text  and Fig 1. Disc compr ession for ce is normalized wit h respect to the subject's body weight.
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C H A R A C T E R I Z A T I O N  S Y S T E M

Dia n e  M.  Br o n g o  a n d  Mic h a e l J .  R o s e n

Ne wma n  L a b o r a t o r y  f o r  B io me c h a n ic s  a n d  H u ma n  R e h a b il i t a t io n

Me c h a n ic a l  E n g i n e e r in g  D e p a r t m e n t

Ma s s ac h u s et t s  I n s t it u t e ofT e c h n o lo g y

A B S T R A C T

Pathological tremor is  characterized  by rhythmic,
oscillatory mo tion that occurs at rest  or during activity. In
severe c as es the tremo r may have suffic ient amp litud e to
ob sc ure any underlying voluntary activity,  making no rmal
func tio n d ifficult or imp oss ible. While d rug therapies exis t that
can reduc e tremor in s ome cases, p redic tion of drug
effectivenes s fro m c urrent d iagnos tic  c ategories  is extremely
unreliab le.

The CSCAT (Computer -based Sys tem for Clinical
Assess ment of Tremor) has been designed to  test  the hypothesis
that the differential diagnosis of tremo r may be ac complished
by the imp osition of co ntrolled mechanical lo ads on tremorous
limbs while the patient performs  a well-  defined  task.  T he "lo ad
resp onse" of tremor,  i. e. how the o bjec tive tremor parameters
change in the pres enc e o f varying mechanic al lo ad s, is
exp ected to reveal d ifferences among tremors whic h would not
app ear under co nventional assessment, resulting in a more
objective and  definit ive tremor clas sification system. It is
hyp othes ized that tremor c ategories in this way will
successfully pred ict drug effectivenes s once the neces sary
exp erimental co rrelation has b een estab lis hed.

I N T R O D U C T I O N

Tremor, one of the most common movement dis orders,
is c haracterized b y rhythmic , os cillato ry motion that  oc curs  at
rest  or during activity. [1] [2] "Physiolo gic al tremor' is p res ent
in normal persons at  frequencies of 8 -  12 Hz. [3) In
pathological cas es the tremor may b e severe enough to obsc ure
any underlying vo luntary activity,  making normal functio n
diffic ult  or impo ssible. [4)

The goal o f this  wo rk is the develo pment and
evaluatio n o f an improved approac h to d ifferential diagno sis  of
tremor based on the response of the p atient to controlled
mec hanic al load s.  This  p rojec t is mo tivated  by the
unpredictability of drug effectiveness  which res ults from
inc omplete and ins ensit ive c haracterizatio n o f patho logic al
tremors b y trad it ional ass ess ment tec hniques which are largely
sub jective.  [5] Four neurologists surveyed indicated that
between 23% and  70% o f their p atients  d id not res po nd as
hoped to the  drug s pres cribe d, cle arly demons trating the
need for a n improved drug pre scription strategy. These
new method s emp loy s ens it ive, ob jec tive instrumentation for
clinical d ata c ollec tion and computer -based signal p roces sing
tools for analysis, both of which have b eco me fairly common in
tremo r res earc h.

The load resp onse of tremo r, i.e, bow its objective
signature changes  when tas ks are performed  in the presence of
varying mechanical load s, is expec ted  to  reveal differenc es
among tremors  which would not ap pear under fixed  co nditio ns,
res ulting in a more definit ive tremo r clas sific atio n sys tem.  T he
prototyp e clinical system whic h has been comp leted to test this
idea is known as CSCAT. Aspects of its design will be
presented belo w.

In the next part of the investigatio n the new tremor
categories will be c orrelated with the patients '  respo nse to d rug

treatments. If the hypothes ized correlatio n is found, the result
will b e a drug prescription strategy based  on CS CAT that may
then replace the standard trial- and -erro r treatment strategy.

CSCAT (Figure 1) is a mobile 1- degree -of- freedom
manipulandum consist ing of three parts: a mo tor that  is
digitally co ntrolled via feedb ack from torque and kinematic
transduc ers to s imulate various  levels of springs, mas ses and
dampers [6];  a patient interface whereb y mechanical lo ading is
applied to the patient' s limb  and a target is displayed; and a
computer based - assessment manager that handles the collection
and  analysis o f all data and  interfaces  with the c linic ian. T he
assessment task requires the patient to execute a target - tracking
task whic h excites his /her tremor.

De s i g n oft h e Limb In t e rf a c e

Dwee  o f Free do m Se le ctio n
Tremor is seen in all parts of the body, from the head

and  neck to the distal p ortions o f all extremities. It is not
practical or necessary to  assess clinically all tremor sites, but
the manipulandum should be capable of measuring at leas t a
few for two reasons.  Firs t, no t all patients  have tremor in the
same p lace, and secondly it has not been s hown which d egrees
of freed om (DOFs ) will yield the best results fo r predic tion of
drug effec tiveness. The p artic ular choic e of DOFs depends on
both human and machine- related factors.

Persons with tremor in the lower body can compensate
for so me of the resulting dis abilit ies  with a wheelc hair b ut
tremor in the upper b ody can cause more serious functional and
aes thetic  disab ilities.  These people are mo re likely to  seek
drug treatment to help their tremo r and s o will b e more in need
of this diagnostic tool. Therefore asses sment c an be c onfined
to the upper body. [7)
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The patient must perform a 1- degree -of- freedom
tracking task. For the assess ment to be reliable this  DOF must
be isolated from all other DOFs  that co uld pro duce motions at
the measurement s ite. These interfering motions  must then be
restrained , a d esign challenge that is more difficult  for some

DOFs than others.
The axis o f mo tion under ass essment must b e aligned

with the mo tor shaft, i.e, either the motor axis or sub ject's body
will need  to  be reoriented to  ac commod ate all DON und er
study and a range of subject sizes. The mo tor axis may be
vertical, horizontal or p ossibly adjus table but must be easily
aligned with all human motio n axes c hosen fo r study.  In
addition, the s elected  human movements s hould have
comparable angular range of motion and not be so fo rceful that
an unacceptably large or expens ive mo tor is req uired  to c reate
the virtual environment.

The DOFs  chosen for inclusion in the present
imp lementation of CS CAT meet the des ign requirements
acceptab ly. They inc lude: elbow flexion/extension, forearm
pronatio n/supinatio n, and wrist  flexio n/extens ion, which can all
be accommodated with a horizontal mo tor axis  orientation
thereby avoid ing an ad jus tab le moto r mount. All as ses sments
can be conduc ted for both the left and right arras.

Design Criteria fo r Arm -to  -Motor Co up linys
Coupling a single joint axis  of rotation to a motor axis

poses a considerable design challenge.  The arm -to -motor
couplings must satisfy the clinicians who conduc t the
assessment, the human s afety co mmittees , the s ponsors funding
develo pment of the devic e, and  of co urse the patient who is
wearing them.

The system must couple the load ing (motor) and
instrumentation to the joint so the acq uired signal accurately
represents the actual joint  angle. Attac hment must be mad e to
the o utside of the bod y. This means  that  the coupling between
limb motio n and the attachment is  characterized  by the mass,
compliance and d amping o f both the body tissues and the
attachment itself. Since the objec tive of this device is to apply
contro lled loading to  the body and to measure and analyze the
angle, angular p osit ion and torque of the limb segment,  values
for the above parameters must be chosen to have litt le or no
effec t on the actual applied load.

In addition to  these functio nal qualities of the
coupling, a device that  can fit  all subjects and test  both the right
and the left arms is desirab le. The c oupling s hould  als o be easy
to connect to both the patient and the motor for the
convenience of the clinicians who will c onduc t the ass essment.

For the patient's sake,  the interface should be safe and
look unimp osing. In addit ion, since a ses sion with the device is
expected  to last  up to o ne hour the attachment must be
comfo rtab le fo r at  leas t that length of t ime.

As this device is a prototype for a production
diagnostic  tool, its  manufacturing cost should be kept to a
minimum.  Therefo re the materials and  co mpo nents  used  in the
couplings should be stand ard and inexpensive wherever
possible, and custom parts should be kept to minimum. In
add ition,  the p lanned experimental evaluation may take years
so the prototype couplings as well as the rest of the device

should be durable.

Arm -to -Motor CounIjpgJZad s
All arm -to -motor couplings attach to the motor shaft

by means of a keyed coupling rod and a knob - actuated split
clamp which is  firmly connec ted to the motor s haft. T his
clamping mechanis m provides  a s tro ng, uniform clamp ing
force on the rod while allowing the rod to  be clamped

anywhere along its length. Round tubing was  chosen for the
coupling rods as it has a greater stiffness -to- weight ratio than
solid rods or square tubing of the same size. The motor end of
each co upling rod is keyed s o the c ouplings can o nly be
attached to the motor in the correct rotational pos ition. Most
metal structural parts are aluminum, c hosen for its high
stiffness -to- weight ratio,  easy availability and low cost. The
piec es were anod ized  clear for a tougher and  more aesthetically
pleasing finis h.

The Univers al Wrist Coup ling shown in Figures  2 and
3 is used for both pronation/supination and wrist
flexion/extension as ses sments  with the left o r right arm. The
configuratio n of the coupling is  eas ily altered by loosening the
knob, rotating the handle until it hits one of the limit stops , and
tightening the knob, The handle is  offset 12 degrees to  acc ount
for the natural grip  line of the hand; this  allows the evaluations
to be c onducted with the p atient 's arm in a c omfortable, natural
position. The handle is covered with a firm foam handle -bar
grip that is comfortable for the subject without adding
excessive spring or damper effects to the system.

For the pronation /supination exercise the patient grips
the handle at an appro priate place along its length s o the
forearm axis lines up with the mo tor axis. For wrist
flexion/extens ion the co upling is adjustable. T o accommod ate
variations in length from the c enter of the patient 's grip line to
the wrist axis the keyed coupling rod  is slid to the ap propriate
position in the split clamp. A s cale emb ossed on this ro d allows
each patient's sett ing to be recorded.

The elbow flexion/extension assess ment requires q uite
a few more parts. T he natural grip of the hand canno t be used
for this assessment since forces would then have to be
transmitted thro ugh the wris t jo int. Instead the forearm is
splinted (AliMed Rigid  Wrist /Mumb Immo bilizers,  abo ut $40
each) and c oupled  to the mo tor shaft via a sliding dovetail
connec tor and a keyed c oupling rod (Figure 4). In addition to
providing a stiff co upling to the arm, the splint immo bilizes the
wrist , sup press ing any wrist tremor and preventing any
distractio ns and data co ntamination that a tremorous  hand  may

cause.
The s liding do vetail co nnector jo ins the keyed

coupling rod to the splint and provides  for adjustment
perp end icular to the fo rearm axis . T he keyed c oup ling ro d then
slides into the split clamp and  is ad justed  along the forearm
axis  to align the elbow axis with the moto r axis. Both
connectors have embossed scales so the patients '  settings can be
stored fo r future trials.

Des ign Criteria fo r Arm Res traint
For the motor to apply a load across a joint, and for the

movement parameters to  be measured accurately, the distal
limb  segment must be firmly attac hed  to the motor s haft while
the pro ximal s egment is sec ured to the moto rs mechanical
reference, in this case the cart. A system to  restrain the distal
limb segment must be devised that once again satis fies  the
clinic ian, the sp onsor and the patient.

Design requirements are es sentially the same as  for the
Arm -to -Motor Couplings. Stiffness, comfort, ease and range of
adjustab ility, eco nomy of manufacture, durability and
unintimid ating ap pearance are the major requirements.

Ar m Re s t ra in t  De ai=
The arm restraint s ystem consis ts of the fo llowing four

parts (named for their function and/or appearanc e): the support
tower, the T -bar, the adjustable leg with foot,  and the cushion
post. It is shown set up for pronation/supination (Figure 5) and
wrist flexio n /extensio n (Figure 6). The setup for elbow
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flexio n/extension is  similar to that sho wn in Figure 6 excep t the
armres t is angled  the o ppo site way. T he suppo rt tower is
securely fastened to the cart. T he T -bar fits  into the top
chamber of the sup port tower and is  clamped with a knob -
actuated  set  -s crew. The adjus table leg then slid es into  one of
the three o penings on the T -bar and is  clamped in plac e the
same way.  The cus hio n p ost  is keyed s o that it c an only fit  into
the ad jus tab le leg one way and  will not ro tate o nce it  has b een
ins erted. It too is fastened in place with a knob - actuated set-
sc rew. Next the cushion atop the cushio n post  is ro tated to the
desired pos itio n and another knob  tightened to hold  it  there.
Finally, the arm is  strap ped  onto the cushion with two Velcro

straps.
The k e y feature of this design is the T -bar since it

allo ws o ne arm cushion to be used for all exercis es. The wrist
flexion/extens ion and  elbo w flexion/extens ion arm-to -motor
coup lings were d esigned to p ut the forearm axis  the s ame
distanc e away fro m the target plane.  The T -bar extends out to
this distance (there is a stop on its back end) s o the armrest
lines  up  with the fo rearm axis.
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The Polhemus Isotrack as an Assessment Tool for
Cerebral Palsy
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ABSTRACT

The objective of this study was  to develop a co mputerized pur-
suit tracking system for the quantification of upper limb dysfunc-
tio n seen in p atients with cerebral pals y. The trac king system
emp lo yed  a magnetic  s ens ing d evice pro duc ed b y P olhemus
Navigatio n S ystem Corporation in conjunction with a 286 p er-
sonal computer. Forearm position, resulting from flexion and ex-
tension of the elbow, was record ed as the subjec ts attempted to
follow a series of co mputer generated targets. Measurements of
a control group of healthy subjects and a cerebral palsied group
were obtained. Statistically significant differences (p<.01) exist-
ed between the two group s for s everal mathematically extracted
attributes of the tracking data.

BACKGROUND

Cerebral palsy is a nonspecific term used to describe a persistent
qualitative motor disorder caused b y nonprogressive d amage to
the central nervous s ys tem. A p red ominant clinical manifesta-
tion of the disorder is athetosis, which is characterized by slow,
writhing, involuntary mo vements whic h lac k fixed  amp litude,
rhythmic ity or d irection. S everal recent inves tigations into the
quantific atio n of athetotic movements t,2.3 have utilized electric
gonio meters p laced  at the elbo w joint to record arm movement
during p ursuit tracking tas ks.  T he find ings of thes e investiga-
tio ns  sugges t that s ufficient d ifferenc es  exis t between no rmal
and cerebral palsied subjects regarding their ability to perform a
trac king task and  that  frequenc y analys is  us ing a fas t fo urier
trans formatio n is  an important method of identifying these dif-
ferences. The present study was undertaken to determine if a pur-
suit trac king sys tem utilizing a magnetic  sensing device in place
of a goniometer could confirm and enhance the results of the ear-
lier studies.

The magnetic sensing device, which utilizes the principle of low -
frequency magnetic field technology for the determination of the
position and orientation of a sensor relative to a source, is a sub-
system of a packaged sys tem manufactured by VPL Res earch.
The system combines their Data Glove with the 3SPACE Isotrak
by Polhemus Navigatio nal Sc ience.  The authors  interfac ed the
Isotrak subsys tem with a 286 pers onal comp uter and an author
written control s oftware package.

RESEARCH QUESTION

The present study was undertaken to determine if a pursuit track-
ing system utilizing the Polhemus Isotrak could confirm and en-
hance the results of earlier studies done with electric
goniometers, which demonstated differences in the tracking abil-
ity of normal healthy subjects and subjects with cerebral palsy.

METHOD

Exp er imen tal S etup -T he tracking s ystem was  c o nfigured  to
calculate the angle between the magnetic senso r attached to the
sub jec t' s forearm and the table surfac e on which the magnetic

9.7

source was placed. Upper arm motion was restricted with an ad-
justable brace. The brace held the upper arm at a 45 degree angle
with the table's surface and allo wed unrestricted  flexion and ex-
tens io n of the elbo w. A series  of c omputer generated targets
were presented to each subject. The targets, in the form of high-
lighted b ars , moved up and d own on the CRT  sc reen.  Next to
each target bar was a highlighted tracker bar whose up and down
motion was controlled by the magnitude of the angle between the
forearm and the table's surface. As a target moved on the screen
a subjec t flexed  o r extend ed  his /her elb ow s o the trac ker bar
mimiced the motion of the target bar. The target position and the
angle were recorded at 60 Hz and stored in a computer file.

Data Collection - Arm po s itio n data fo r 36 normal s ub jec ts
(mean age =14.0 yrs) and 18 cerebral palsied subjects (mean age
= 14.1 yrs) was c ollected. T he sub jects were presented with 7
separate tracking tasks:

Tracking a 0.5 hertz sinus oidal target
Tracking a 1.0 hertz sinus oidal target
Tracking a rando mly generated target
Flexing and extending the elbow as fast
possible, "freewheeling"
Holding the forearm as still as possible
Tracking a sinusoidal target at a frequency
chosen by the tester
Tracking a sinusoidal target at a second
frequency chosen by the tester

In each case the tracking task lasted 16 seconds and the test was
administered  by a certified Physical Therapist.

Data Analys is - The recorded  angle data o f the s even separate
tasks fo r each s ubject were analyzed by applying a fast Fourier
transformation. The transformation p ro duced po wer sp ec tral
density (PSD) curves showing frequency and amplitude distribu-
tions in the range from 0 to  30 Hertz. Examples of PSD c urves
for a no rmal co ntro l subject and a cerebral p alsied subject are
shown in Figure 1.

a10' POWER FREQUENCY SPECTRUM FOR I HZ. TARGET

Figure 1. Power vs. Frequency

FREQUENCY

Normal data

-- CP da ta
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In order to make c omparisons between the normal control group
and  the cereb ral palsied group , five attributes  were d etermined
for each individ ual PS D curve. T hese five attrib utes were:

Total Power- Ob tained by integrated the frequency
spectrum over the entire range (0 - 30 hertz).
Freq uenc y at  Maximum Po wer- The frequenc y at  whic h
the spec tral density curve reac hes its  maximum value.
Maximum P o wer- The value of po wer at the highest point
on the spectral dens ity c urve.
Moment of Distributio n ab out Maximum Po wer- Obtained
by s umming the p o wer s p ec tral values  o ver the entire
range with each value multip lied by the difference
between its  freq uenc y and  the freq uenc y at  Maximum
Po wer.
Partial P ower- The p erc entage o f total p ower und er the
curve b etween 0.3 and 0.6 hz.

The mean values of these attributes were calculated for the seven
separate tasks within each group and co mpared using the "Sepa-
rate" t -Test

RESULTS

Comparing the two groups  using the mean values o f the five de-
scribed attributes  resulted  in the identific ation of several s tatisti-
cally s ignific ant(p< .01) differences. In general we found that the
total powers  generated b y the sub jec ts within the normal gro up
were greater than the total p owers generated  by the cerebral pal-
sy subjec ts  for the 0.1,  0.5, and 1.0 Hz trac king tas ks  and  the
"freewheeling" tas k.  Ad d itionally it  was  fo und  that  the to tal
powers generated while "ho lding s till" by the subjec ts within the
normal group were less than the total powers generated by the ce-
rebral palsy sub jec ts.  The " freewheeling" d ata was also  signifi-
cant for the frequency of maximum power, which is a
measurement of the speed at  which the arm flexed and extended.
The mean frequency of the control gro up and the cerebral palsy
group were 2.28 Hz and  0.69 Hz,  respectively. This means that
the cereb ral pals y subjec ts flexed and extended their arms at ap-
proximately one third  the sp eed of the normals. Even tho ugh the
abo ve res ults were stat is tically s ignific ant,  overlap of data b e-
tween the normals and the cereb ral palsied s ubjects would p re-
vent a diagnosis based on any of these attributes..

PARTIAL POWER in .3 HZ. --  .6 HZ. RANGE FOR 1 NZ. TRACKING

o =CP
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Fig ure  2.  Pa rit r l Power for  1. 0 Hz. Tra cking

The most interesting result we fo und had to d o with the p ower
generated in the 0.3 to 0.6 Hz range when performing a tracking
task with a target moving at 1.0 Hz. This range was selected for
analysis based on Neilson's findings that the athetotic arm is un-
derdamped and has a rhythmical oscillation at about0346 Hz.'
The mean partial power of the cereb ral palsy group was greater
than the control group's. The difference was statistically signifi-
cant(p<.Ol) and a graph of the data, Figure 2, revealed a distinct
and complete separation of two groups in this study

DISCUSSION

The results of our study are consistent with those of others who
have attempted to quantify arm movements in cerebral palsy. We
have found, in agreement with Neilson', that the percent of pow-

er in the 0.3 to 0.6 Hz. range is higher in o ur CP  subject group
than in the normal subject group . In add ition we found that this
difference seems to be greater when the sub ject is attempting to
track a target than when he is attempting to hold still or move as
fast as he can.

If the higherpowers in this frequency range are do to an athetotic
tremor, our data sugges t that  this  tremo r may be aggravated by
attention to coordination
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Abstract

The Actimeter is a device that
measures and records gross human
body movements. The data
obtained from the Actimeter are
used to establish body position
pr o f i l e s of able- bodied
individuals partaking in a
variety of occupations. These
profiles are then used to aid
vo c a t i o n a l re h a bi l i t at i o n
counselors with the placement of
disable- bodied persons into jobs
they are physically capable of
performing. The analysis of
preliminary data obtained from
Actimeter tests indicate that the
system is approximately 75
percent accurate.

Introduction

Recently, Rogan and Hagner (1]
discussed the need for
improvement in the area of
effective and efficient job
placement for the disable- bodied
population. They identified the
current criteria for vocational
evaluation as; "(a) describing an
individual by his /her functioning
needs, (b) specifying the
outcomes to be achieved through
rehabilitation 0 and (c)
identifying the interventions and
services required to achieve
those outcomes." They assert
t h a t s e v e r a l p r o b l e m s
characterize the "traditional
evaluation" process. These
included "traditional vocational
evaluations typically occurring
in artificial, simulated
environments ", and that "the most
fair, reliable, and useful way to
evaluate an individual with
severe disabilities is within the
actual work setting using
materials that are naturally
present."

Statement of Problem

The successful placement of
disable- bodied individuals into

jobs best suited for them is one
of the main goals of vocational
rehabilitation. The long range
goal of the actimeter project is
to produce a reliable system that
will provide rehabilitation
counselors with an additional
evaluation tool enabling them to
place their clients into jobs
they are physically capable of
performing. In all, the research
question is can we build a device
that will satisfy the criteria
defined by Rogan and Hagner.

Rationale

The Actimeter will be used to
establish body position profiles
of able- bodied individuals for an
assortment of occupations. This
information will then be stored
in data bases within a computer
analysis program. The vocational
rehabilitation counselors would
use this program to match their
clients abilities to occupations
they are physically capable of
performing. The computer
analysis program would, in
effect, provide the counselor
with data for an objective
analysis. These data would
supplement the current evaluation
process enhancing the quality of
services being rendered.

Design and Development

The actimeter system is
comprised of several different
components [2]. An Actimeter,
the actual data acquisition unit,
contains the microcontroller
(Intel 87C51) used to measure and
record data during the test
period. The Actimeter is
connected to a cable system
containing six mercury switches
that detect the various body
positions at 45 degree intervals.
The sensors are attached to an
undergarment suit, via velcro
stirps, worn by the test
subjects. The sensors are placed
on the head, side, back, upper
arm, and upper and lower leg (see

RESNA 14th ANNUAL  CONFE RENCE • KANSAS CITY,  MO. 1991 133



Physical Activity Profiles

figure 1) .

The information collected by the
Actimeter is downloaded for
analysis into either a digital
display unit or a personal
computer. The digital display
unit displays the information on
a LCD. The personal computer
receives the data from the
Actimeter through an interface.
This data may then be stored in a
data file. The information
stored in a data file after an
actimeter test may be observed
and analyzed using a computer
analysis program. This program
allows the user several different
options to be selected from the
main program menu. These options
include tabular displayed
results, bar and line graphs, and
an error analysis.

L . . k

� � u o p [ � 1 p

• � � l o w [ � 1 p

F i g u r e  1 : A c t i m e t e r  S y s t e m .

E v a l u a t i o n

T h r e e s e t s of t e s t i n g w e r e
p e r f o r m e d o n a b l e -  b o d i e d
i n d i v i d u a l s t o d e t e r m i n e t h e
r e l i a b i l i t y a n d f e a s i b i l i t y o f
t h e  a c t i m e t e r  s y s t e m . T h e  f i r s t
t e s t s  w e r e  d e s i g n e d  t o  e s t a b l i s h
a  t e s t i n g  p r o c e d u r e  p r o t o c o l  a n d
t o  r e c e i v e  f e e d b a c k  f r o m  t h e  t e s t
s u b j e c t s r e g a r d i n g  w h e t h e r t h e y
f o u n d  t h e  s y s t e m  o b t r u s i v e . T h e
t e s t s u b j e c t s w e r e r e q u i r e d t o
w e a r t h e a c t i m e t e r s y s t e m f o r
e i g h t  h o u r s  d u r i n g  t h e i r  n o r m a l
w o r k d a y . T h e s e c o n d s e t of
t e s t i n g  w a s  d o n e  t o  d e t e r m i n e  t h e
c a p a b i l i t i e s a n d l i m i t a t i o n s o f
t h e a c t i m e t e r s y s t e m . F i v e
s u b j e c t s  p e r f o r m e d  a  s e q u e n c e  o f
d i f f e r e n t t e s t s t h a t i n c l u d e d
s y s t e m a c c u r a c y , r a n g e o f

f r e e d o m , s e n s o r hy s t e r e s i s ,

system response to varying
speeds, and alternative sensor
placement systems. The third set
of tests involve five students,
who each wore the actimeter
system five consecutive school
days, eight hours each day.
Their body position profiles were
observed and analyzed to
determine common behavioral
patterns.

Discussion

Initial testing was designed to
establish a testing protocol.
Based upon feedback received from
the test subjects, the actimeter
system was not obtrusive, as it
did not inhibit the subjects'
body motion. The data retrieved
from the Actimeter were compared
to written observations made by
the test subjects regarding the
types of activities they were
engaged in during the testing
period. These data revealed that
the data collected by the
Actimeter matched the types of
body positions assumed by the
test subjects.

The second set of testing was
done to determine how reliable
the actimeter system was and what
it's capabilities were. A range
of freedom test determined that
any body positions assumed by a
test subject in the vertical
plane were not altered by
movement, for that particular
position, in the horizontal
plane. Hysteresis testing
defined the capture zones of the
mercury sensors for each of the
body positions. Additionally
there was some hysteresis
associated with the sensors,
approximately plus or minus one
degree for each position. System
response to varying speeds
defined the amount of 'jitter'
inherent in the system. Slow and
normal variation speeds showed no
traces of 'jitter'; however, for
fast variation speeds some
'jitter' was observed. Finally,
from the first set of test
results it was observed that
there may have been error in the
system due to the undergarment
suit. Therefore, alternative
sensor placement systems were
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tested for accuracy. The two
additional systems were a
restrictive undergarment suit and
a skin attached sensor system.
The results of this testing
showed that the restrictive
undergarment suit would be the
most accurate system.

The last set of testing was
performed by five students. The
results of this testing (see
figure 2) showed that there were
common patterns and trends
regarding the types of body
positions the students assumed.
The numbers along the horizontal
axis in figure 2 represent the
different body positions the
actimeter system can detect. For
example, the most commonly
occurring positions were numbers
24, 22, 21, and 12, which are
'Head 0 1 , ' Arm 0

1 , ' Arm 45 1 , and
'Sit 0, Leg 0 1 .

Normal [ zed Body P o a l l l o n P r o l l l a s

...................

Figure 2: Student Testing.

The results of these three sets
of testing showed that there was
a substantial amount of error in
the system, approximately 25
percent. However, observations
and feedback from test subjects
d e m o n s t r a t e d t h a t wi t h
improvements to the existing
system a clinically feasible unit
could be achieved. The greatest
sources of error were due to the
undergarment suit, mercury
sensors, and sampling rate. The
next version of the actimeter
system will include a restrictive
undergarment suit, shown to be
the most accurate, a one or two
second sampling rate, and larger

mercury sensors. Additionally,
two sided body movement and a
lower arm sensor will be
incorporated into the system.
O n c e c o m p l e t e d , fur th er
feasibility testing will be
performed.
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1 o.1
POWER MOBILITY: A PARENTS VIEW.

PHILIP A. WHITE

Abstract.

This paper deals with attempts to get Rachel, my
daughter, a practical power mobility solution through
'normal' channels and the final chair that I created. I will
discuss the design, development and implementation of a
unique power mobility system that my daughter could use,
given her severe limitations, both mentally and physically.

Background.

My daughter, Rachel, has cerebral palsy. She is athetoid
and exhibits strong muscle tone. She cannot hold her head
up for an extended period of time. Her hands are of very
little use to her. She cannot cross mid —line, and any
attempt to extend her arms puts her entire body into
extension. She has a cognitive diagnosis of severe and
profound retardation.

Because of my daughter's severe cerbral palsy and her
"severe and profound mental retardation" label,
professionals did not believe she could acquire the motor
skills needed to use powered mobility. My wife and I
believed she would, because Rachel has a strong desire to
participate in life and is willing to work hard at tanks
that are presented to her.

To give our daughter a chance to demonstrate she could
develop the skills needed to control a power wheelchair,
we adapted a "TONY ARMSTRONG" toy robot. This is a
small motorized childs toy that has a joystick control. I
build a seating system and enlarged the joystick with a
tennis ball. The seat contained a high back with, lateral
supports, seat belt, trunk support strap, and a head rest.
There were also straps to hold her feet in place. Rachel
learned to drive this device in one sitting. She developed
two methods of operating the controls. To go backward,
Rachel hooked the joy stick in her hand and pulled it
toward herself using her back thrust. When she wished
to go forward, she sould lean forward and push the stick
with her forehead. She learned very quickly how to use a
combination of these two methods to get about anywhere
that "READY," as we called the toy, would go.

Neither of these methods of control were acceptable to
her physical therapist or her occupational therapist. They
insisted that Rachel was stimulating primitive reflexes
that they thought were in her best interest to suppress.
Nevertheless, READY served the purpose that I had
designed it for. First, there was now no doublt in my
mind and in my wife's mind that Rachel could handle
power mobility. Second, we learned that she would
probably not be able to control the system with her
fingers.

So with hope, I set out for the local developmental
disabilities clinic to see what they could do about a real
power mobility system. My wife and I had difficulty
convincing the professional staff that Rachel was a
candidate for mobility technology.

We had to arrange a demonstration of Rachel's
competence. Only after she drove her toy around for
them, did they even concede that she was a possible
candidate for power mobility. My wife and I had so many
misgivings about the negative attitude of the clinicians
that we decided to take the situation into our own hands.
Thus we set out on the adventure of creating a good
system for our daughter ourselves.

Objective

We first defined what we thought was needed in a
seating system for Rachel. Our criteria included the
followin:. 1. There should be only one seating system for
both manual and power, since the chair needed to be
adjusted every six months or so. 2. My wife, who is 5
feet tall, needed to be able to transfer the seating from
manual to power. 3. The power system needed to move
slow so Rachel could control it. 4. Yet it needed as well
to be capable of going just about anywhere a child her age
would want to go: grass, gravel, reasonable hills, door
thresholds, curved street curbs, and oW just about any
small obstacle.

Methods /Approach.

The methods I used to determine what could be purchased
and what needed to be created involved basic trial and
error. Through the help of local dealers, I evaluated many
different powered wheelchair systems. Physics text
books from local libraries provided the needed information
on such subjects as how casters track, different wheel
drive mechanisms, and information about front versus
rear wheel drives.

Results

The only power base that seemed to fulfill our needs was
the Inva —Care Arrow Xt, which was then a prototype
'F =R' chip in the 1551 switch controller. With this base
and Rachel's current manual seating system a Safety
Travel Chair (STC), the basic pieces were in place to
create something practical which she could control. The
Arrow XT would provide the power plant, the Travel
Chair, the seating system, and the 1551, the electronic
control. The items which still needed to be created
included the method of attaching the Travel Chair to the
Arrow XT, and a switch control system for Rachel to use
to control the chair. With a little help from the
rehabilitation unit of a local hospital, all these pieces
were put together to meet the original criteria. Funding
was secured through the insurance plan provided by my
employer.

I built an interface that usees a single lever to attach the
Travel Chair to the Arrow XT. I also created a new front
wheel system for the STC that could be removed using a
lever screw. To change from manual to power the STC
was placed on the power base by removing the rear
wheels, the same way the chair is placed in a car. The
rear was locked in place using a lever in the back.
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The front and rear wheels are removed and the swtches
are put in place. Turn on the Arrow XT and off she goes.
Transferring the system from power to manual or back
took about the same amount of time as it takes to take
Rachel in or out of the seating system. Transfers were
done with Rachel in the chair.

Rachel controlled the chair by activating four switches
which were mounted around her head. Two of the four
switches stored on the STC, and could be used for
activating other devices. The other two stayed with the
power base. The switches on the STC were mounted on
a hibge that allowed them to swing from behind the chair
into place placing a switch on each side of her head,
around the temples. These switches controlled left and
right movement of the chair. The front and back
switches were mounted on one piece that slid into a
groove, made from a drawer slide, attached to the back
of the STC. The front switch was mounted such that
Rachel pressed it with her forehead. The rear switch
was behind her head such that she had to push her head
straight back in order to activate it. Above her head was
a small plate that rested lightly on top of her head. This
plate, attached to the bar that held the switches, was
mounted on a parallel arm mechanism. If Rachel moved
her head up or down this system would cause the
switches to follow her head movement.

The STC was mounted on the Arrow XT so that the drive
wheels were in front, thus pulling the casters behind.
With this arangement Rachel was able to go almost
anywhere the other children could go. One of her favorite
activities was to drive the chair half way over the
street curb and then press one of the side switches. This
would cause the chair to spin around in a circle going up
and down the curb. The hill next to out house which had
a slope rangeing from 15 to 20 degrees was not a
problem under normal conditions.

Discussion.

Rachel is a child whose severe physical limitations
impact her ability to function in daily life. When we see
a child like this, we must not arbitrally eliminate them as
a candidate for power mobility. I feel that this
opportunity must be presented in steps that can help the
child grow. These steps must not be overwhelming but
yet must chalenge the child to use all of their resources.

When Rachel was presented with the TOMY robot she
learned and adapted, using the skills she had available to
her. This toy allowed her to explore and experience a
new world of independent mobility. It allowed her to to
do things she had never been able to do before, like being
naughty. She cherished the opportunity to empty the
books from shelves in her room. She also learned the
physical power that she now had at her disposal. That if
she ran into things they could break, or that she could
now run over her brothers as they had done to her many
times. Yet on the toy she could not do any real damage,to
either herself or what she hit. Once those lessons of
independence were learned she was ready for the next
step, a system that was fully functional. When she
started driving the Arrow XT she already understood it's
potential power and was very careful to avoid any
possible collisions.

Developing a functional power system for Rachel
presented many problems. The first consideration was
her method of control. We tried many different systems:
standard joysticks, sip and puff, chin and cheek joysticks
and so forth. The best method appeared to be to use her
head movement. Once the chair was created she
showed a quick and marked improvement in her head
control.

In creating the halo switch system, Rachel's inability to
hold her head in a stable position without having
something to rest it upon became the biggest problem.
To stove this problem I designed a new head rest that
better stablized her head laterally. In this new design I
was able to take advantage of the newly found head
control that operation of the chair had given her. The
prooblem of the back extension was solved by making
the front and rear swithces float up and down with her
head movement. Without this feature, sometimes the
switch was on her nose and other times it was above
her head. The floating switches also allowed her to pull
her head forward out of the halo if she desired. The rear
switch was placed behind her head carefully so that she
could not activate it using her back thrust. If she did try
to extend pressing backwards, the switches just floated
right up with her head. She had to push her head
backwards without moving her shoulders and without
raising her chin. All of the protoype switches were built
by myself. The final system used four mounting
switches, from Don Johnston Developmental Equippment,
mounted on quarter inch rod.

I decided to mount the seat with the drive wheels in
front. This arrangement solved two problems. First the
total length could be reduced because the foot rests did
not need extra space to clear the casters. Secondly
when using non — proportional control the chair's
movements followed the switch indications more
accurately. When the drive wheels were in back and the
forward switch was pressed the chair would turn
slightly in the direction that the casters were facing
before going straight. This presented a control problem
for Rachel. With front wheel drive this did not occur.

The final step was to mount the STC to the Arrow XT.
Which was accomplished by designing a metal mount and
locking the system using the existing features of both
the chair and base.

After completing the system Rachel had a device at her
disposal that made an enormous impact on the quality of
her life. The technology and resources are available to
make this possible for many other children. We must
continue to be inovative in our possible solutions before
we give up.
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I o.2
THE EFFECT  OF  T RANSDUCER CURVATURE ON INTERFACE PRESS URE READINGS

Calvin L.  Guthrie
Roho Incorporated

Belleville, IL

INT RODUCT ION

Flexib le air  inflated transducer's,  such as tho se sup plied
with the Oxford P ressure Monitor (OPM),  accuracy c hange
dramatically when curved . To assess  the interface pressure
produced when a p erson is seated on a cushion the
curvature of the trans ducer mus t be known. While
developing labo ratory tests to  measure the readout p ressure
verses the rad ius of curvature is fairly simple and straight
forward, meas uring the curvature when the trans ducer is
between two compliant surfaces, bod y and cus hion, is
extremely diffic ult.  Therefo re, to c ompare d ifferent
cushions having d ifferent disp lacement characteris tics
when suppo rting different peop le without acco unting for
the transd ucer curvature is a meaningless activity.

BACKG ROUND

Attempting to document all of the so urces for error in
interface pressure measurements, soo n produces a large
number of inter - related factors that are difficult if not
imposs ible to measure separately. Three major categories
for error might be set out as the transducers and their
associated electronic s, clinical technique, and the interface
artifact. Transducer types can, in part, be d ivided into
rigid and flexible,  thick vers es thin,  flexib le air inflated
with and without electrical contacts.  Size is an impo rtant
factor and with electrical contacts, the width of the
contacts, loc ation and spacing within the transducer
influence accuracy. Single cell verses matrix types can also
be a factor. With clinical techniques some of the factors are
how to locate data sites, can the transducer be reproducibly
located by d ifferent clinicians, and what kinds  of quality
assurance measures c an be applied to the results. Interface
artifacts inc lude ease of deformation of the supp ort surface,
displacement distance, surface tension, coefficient of
friction,  muscle bulk, age, degree of innervation, state of
dehydration, etc. T he reader can continue the process of
identification of sources for error.

A review o f the literature revealed  several things . Mos t of
the stud ies pub lished expect d ata from healthy, able
volunteers to be applic able to the disab led with multiple
health compro mises. Few researchers have ques tioned
whether the instrumentation they are using is acc urate in
any state, let alone eq ually accurate across the variety of
support surfaces tested. Even fewer questio ned if the
transducer itself is a major artifact in the data ob tained. Of
those researc hers that did calibrate their transd ucers only a
couple were found to have tested the transducers in
anything but the flat state.

Reger et. at.'  tested  the OPM, TIRR Press ure Evaluator
Pad and the Scimedics pressure gauge for correlation to an
externally meas ured press ure o r calculated physical load in
both the flat  and curved states. The flat test was similar to

that of Reddy et.  al.'  and  generally follow the calibration
test described by Talley in the instructions for the OPM.
The transducer is c alibrated by being placed between two
flat soft surfaces with a known external pressure applied.
The applied pressure is then compared to the transducer
readout. Reger found an excellent comparison for all three
transducers in this state. However, when he used a bowling
ball on fo am for the externally applied load the c orrelation
between the calculated load and the transducer readout
ranged from 15% below to 50% above that of the
transducer readout. Reddy attributes this discrepancy to
edge stresses developed by the gap created because of the
finite thickness of the transducer. Reger probably more
adequately describes the discrepancy as the support
surface' s inability to envelope around the transducer.
Support surface enveloping being a term described at
length by William Cho w.'

If Reger and Reddy are right, then why do they report such
good correlation when the s ame transducers on the same
poor enveloping surface types are used flat? Reddy
demonstrated good correlation of the Scimedics PEP to the
invasive wick catheter method under the thigh. This  area is
almost the same as the flat laboratory test and is not
presenting the transducer with the small radius curve of an
underlying b ony prominence. It would be interes ting to see
the results  if Reddy had tried the same experiment in a
location with high incidence of pressure s ore formation.

Ferguson -Pell et. al? recognized the problem of curved
surfaces limiting the size of rigid  strain gauge transducers
and that there is a significant contribution in the total
applied load from in -plane stresses. In particular he states,
"Pressure gradients can o nly be characterized with
transducers having dimensions considerably less than the
minimum radius of curvature of the body area under
investigation."

Levine and Kett'  add that interface pres sure measurements
do not account for body tissue mechanical properties which
not only vary b etween individuals but by location within an
individ ual. Muscle bulk, d egree of innervatio n, wellness,
mental status, and age may also be unaccounted
contributors.

Clearly others have reco gnized the prob lem and Reddy's
statement that transducer performance is highly d ependent
on the properties of interfac e materials is  exactly true.
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RES EARCH QUES TION

In an effort to show the effect of transducer curvature on
the pressure readout of the OPM seven different support
surfaces were tested using a curved surface indentor. The
seven surfaces chosen were an attempt to have a variety of
surfaces similar to market availability and provide a range
of deformability.

MET HODS

The indentor was modeled after the Ischial Tuberosity of a
skeletal pelvis but simplified from the complex radii of the
I.T. The end of the indentor in contact with the transducer
is approximately 2.5 cm in diameter with a spherical radius
of 2.5 cm. While the reduction in complexity aids the
ability to test the idea it severely limits the ab ility to
compare the data generated to that generated  using live
disabled persons. The weight of the indentor was
appro ximately 2.27 Kg.

The indentor was positioned so the center of the indentor
was centered on the transducer cell. Several readings were
taken to  insure centering and a maximum pressure were
obtained.

The calculated load of the indentor is 145 gm/cm2 or 107
mm Hg. If the transducer is completely enveloped by the
support surface the instrument readout should be close to
the calc ulated load. If there is less than complete
envelo ping then the contact area will be s maller increasing
the readout.

RESULTS

INDENTOR WIT H S INGLE CELL T RANSDUCER
Surface mmH¢

office chair 286
Action Products 256

Flotation Pad
Varilite 251
2" Alimed foam 238
Jay Active 233
2 density molded foam 197
Roho High Profile 069

DISCUSSION

Using the regular form of the indentor the OP M Single
Cell transducer s hould have given the same reading on all
surfaces if they all enveloped the transducer equally
bending it around the indentor. The order of the readouts is
however about as would be predicted from visual

inspection of how the surfaces deformed around the
indentor. It should be noted the 2 density molded foam
cushion has a top layer of extremely soft flexible foam
over a core of more dense material. The indentor did not
appear to weigh enough to penetrate to the d ense core. The

Roho cushion reading is very low because the air cells
adjacent to the one the transducer was placed on picked up
the sides of the indentor as it sank into the cushion greatly
increasing the s urface area supp orting the load.

The curvature of the transducer as measured here by the
difference in deformation characteris tic of the support
surface is  signific ant.  How much more change in readout
is possible when both sides of the interface are deformable
is not known nor is it usefully meas urable. Meaningful
comparisons of cushions are not possible with flexible air
inflated transducers.
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10.3 DEVELOPMENT OF AN ANALOG CONTROLLER INTERFACE TO
RELATE STEERED FRONT WHEELS TO POWERED REAR WHEELS

Frank W. Winkler, B.S.M.E., Dan Zuber, M.S.E.E.
Engineering Department, Electric Mobility Corporation

Sewell, NJ

ABSTRACT

Steering the front wheels of a
powered wheelchair offers excellent
directional control, and maneuver-
ability is enhanced with the use of
variable turning rates on the  two
wheels. By interrelating the steering
control signals with control of the
powered rear wheels using analog
control logic, excellent steering con-
trol and ride stability can be achieved
economically.

BACKGROUND

A number of configuration options
exist for powered wheelchair drive sys-
tems. The most common arrangement
makes use of front casters and powered
rear wheels. The use of casters results in
some reduction of directional control when
initiating the chair movement. At start up
and at low speeds this imprecise steering
control can be cumbersome in tight quar-
ters. At high speeds the presence of bumps
and small obstructions in the traveled path
can disturb the caster direction. The use of
steerable front wheels can provide the
rider with more precise steering control at
both high and low speeds.

STATEMENT OF THE PROBLEM

The use of steered front wheels offer
directional control advantages, while at
the same time presenting some unique
control considerations. The steering re-
sponse characteristics need to vary with
speed in order to optimize control. When

indoors at low speed, precise steering con-
trol along with quick steering responsive-
ness and large turning angles are needed;
the user needs more precise control of
speed and the chair's acceleration rate
should be slower. At high speeds in more
open areas directional stability is of prime
importance. This requires slower turning
rates and smaller turning angles since
even small wheel movements have a large
effect on chair direction. The steering
response needs more dampening and the
amount of joystick movement needed to
move the wheels to a given position should
be increased to reduce the tendency to over
control the chair.

Another consideration is stability in tight
turns at high speed. The speed of the chair
needs to be reduced in tight turns in order
to keep the chair from rolling over. This is
preferable to limiting the turning angle
with speed since steering control should
be given priority to best avoid obstacles.
Steering responsiveness as it relates to
chair speed is also dependent on the abili-
ties and limitations of the user and must be
taken into account.

DESIGN

The controller consists of three main
components; two industry proven, off the
shelf motor controller printed circuit
boards and a custom designed control logic
printed circuit board. The two motor con-
trollers perform the functions of signal am-
plification and current limiting for the in-
dividual motors being controlled, one for
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DEVELOPMENT OF ANALOG CONTROLLER

steering and the other for drive. The
Cont rol  Logic Board act s as  the mas ter
control for receiving and conditioning all
control inputs to  determine the proper
control signal outputs. Control inputs
received by the Control Logic Board
include joys ti ck turn and speed signals ,
steering feedback potentiometer position,
gear shift indicator switch position, seatlift
switch  pos it ion,  and bat tery charger op-
eration.

s t eer ing moto r ampl i f i er  which  in  turn
drives the steering actuator.

The joystick speed and direction signal
is condi tioned based on the position of
the front wheels and the seat height
postion. This conditioned signal instructs
the drive motor ampl i f ier  to  power the
drive motor.

Joystick turn and speed signals are
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The joyst ick left  /right signal input re-
ceived by the Control Logic Board is condi-
tioned based on the joystick speed and
direction signal and the transmission gear
selected. This  signal is then filt ered  and
buffered  before bei ng compared wi th  a
condi tioned and properly scaled pos ition
feedback signal. The resulting error signal
is amplified and sent to a summin g ampli-
f i e r  wher e a signal  proport ional to the
turning rate of the wheels  i s subtracted
from  it . Th e  o utpu t  o f t he  s u m m in g a m p h -

fier is the low level signal used to drive the

al so  condi tioned based on the part icular
contro l  module ins tal l ed in the sys tem.
Small modules ,  which can easily be
changed in the fi eld, alter the steering
responsiveness, speed and acceleration of
the chair. Addit ional circuit ry includes
fail -safe logic which  detect s system fail-
ures and provides a control led shutdown.
Failure detection includes joystick wiring
faults, joystick circuit faults, feedback
potent iometer wi ring faults, on board
power supply faults , low batt ery voltage,
and others. Each motor amplifier also

R ESNA 14th  ANNUAL C ONFER ENC E • KANSAS C ITY,  MO.  1991 141



DEVELOPMENT OF ANALOG CONTROLLER

includes its own fail -safe circuitry. Fig. 2 were conservatively specified in order to
shows a simplified control logic diagram. increase overall reliability.

STEERING
STEERING POSITION

POSITION SENSOR SIGNAL STEERING
CONDITIONER RATE

SIGNAL
GENERATOR

TRANSMISSION
GEAR INDICATOR

STEERING
INPUT

SIGNAL
JOYSTICK CONDITIONING
INPUTS TO STEERING

MOTOR AMPLIFIER

DIFFERENTIAL
CONTROL AMPLIFIER

FAILSAFEMODULE

SPEED TO DRIVEA77ENUATOR MOTOR AMPLIFIER

STEERING

SEAT LIFT ANGLE
LIMIT

POSITION SWITCH DETECTOR

CONTROL LOGIC FLOW DIAGRAM

FIGURE 2

DEVELOPMENT

The development of the Control Logic
Board for this powered chair centered on
refining the steering response versus
speed characteristics while insuring over-
all stability, safety and reliability. Steering
rate and angle, input dampening, chair
speed and acceleration are just some of the
many system parameters that had to be
related to maximize user control. A large
effort was put into developing a smooth
and natural feel to the controls. The con-
trols need to instill a sense of security in the
user a nd  boost  hi s  confi dence  in his
ability to control the chair. The chair
needs to move in a predictable manner
under all conditions. The concern for
stability and safety lead to the need to
relate the various inputs so that no combi-
nations could produce unstable opera-
tion. The system was simplified wherever
possible and individual components

EVALUATION

The design goal of varying the steering
characteristics as a function of chair speed
in order to maximize the benefits of front
wheel steering has been met. By properly
selecting system parameters, steering re-
sponse and user control have been opti-
mized without compromising overall sta-
bility and safety.

The aim of achieving a system adaptable
to the needs and limitations of the user has
been met by the use of control modules
which vary system response characteris-
tics. These modules tailor the chair to the
individual and can be easily selected and
changed by the field service provider. The
goal of maximizing safety and reliability
was met by utilizing conservative design
practices coupled with inherent safety
features and extensive fail -safe circuitry to
monitor critical system components.
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Antiskid Wheelchair Brake Design

James J. Kauzlarich and John G. Thacker
UVa Rehabilitation Engineering Center

Charlottesville, Virginia USA

Abstract

Currently mos t wheelchairs  have  a bar / tire type  parking
brake, and some electric wheelchairs have dynamic
brakes. The parking brake is unsatisfactory as a
dynamic brake since it wears the tire severely when used
as  a dynamic  b rake .

By plac ing an idle wheel between the tire and the
braking element and selecting a friction pad with a
coeff icient of friction less than that between the tire and
id le whee l, the  only sl ippage  takes  place  at the  b rake
pad and  idle wheel, not the tire and idle wheel. The tire-
idler contact is antiskid, and there  is much less  wear on
the tire than if  the tire -Idler skids.

This paper presents design geometries  for the  concept
as well  as des ign calculations.

Background

In 1986 Thacker, Seelye, and Kauzlarich presented
info rmation f rom a survey of whee lchair use rs as to the
need for dynamic brakes, This survey showed  that
64.8% of the respondents fel t that speed l imiting brakes
would be helpful; the remaining respondents  had no
opinion. In this same paper experimental tests on
commercial ly availab le bicycle  type  calipe r b rakes  and
hub b rakes  were p resented . Actuating f orce, braking
torque, and b rake  fade  were presented. High ac tuating
force and frequent adjustments of cal iper brakes proved
to  be a prob lem. Hub  b rakes were  recommended  f or
adoption, but the complicated  design and expense has
apparently limited interes t I n this type o f b rake as  they
are seldom seen on wheelchairs.

Whitt and W ilson (1985) present a good introduc tion to
dynamic brakes f or bicycles. In their survey of brakes
they mention the plunger b rake  used on early bicycles
which is  s imi lar to  a whee lchair parking  b rake o f  the
bar /tire design. They remark that the p lunger b rake  and
the cal iper rim b rake  are ve ry poor in we t weather.

Prob lem & Rationale

Wheelchair users have indicated a need for simple
brakes on wheelchairs that can be  used under dynamic
conditions  as we ll as  f or parking. A number of  brakes
have evolved, essentially from bicycle designs, but
nothing has been found to be outstandingly useful to the
disabled in wheelchairs. Wheelchair brakes have a
number of  unique requirements: 1. The brakes must be

lightwe ight and durab le. 2. Quick - release hubs must not
interfere with the brakes. 3. Brakes must be
maintenance f ree., and 4. Brakes must not interfere with
wheelchair folding.

Fig, l; Antiskid Brake

10.4

The  approach used in the  d es ign o f  a new dynamic
brake was to cons ider the design o f the whee lchair and
make as much use of the typical structure as  possible.
Des ign o f a brake to f it  where the parking  brake  is now
placed would be advantageous, and it appeared that the
concep t of  add ing a simp le  idle  whee l to  the  exist ing
parking b rake mechanism would result  in a dynamic  and
parking brake , with the added  advantage  that the brake
mechanism could be  des igned  to have  a reasonable
amount of self- actuation. In order to  avo id catching
fingers, the lever and brake mechanism are well
separated and  all  edges  wi ll be smoo th.

Antiskid Brake Design

The new antiskid  brake des ign is shown in Figure 1. As
shown, the  lever arm under a force F. presses the brake
block against the idle  wheel and the idle  wheel presses
agains t the  wheelchair rear tire. This action generates a
force Q which slows the wheelchair. The maximum force
Q _ depends upon the dynamic coeff icient of friction at
the tire -road contact. The coeff icient of friction between
the idle wheel and brake block is  control led by selecting
an appropriate brake material, and it is desirable that this
be less than the coeff icient o f f ric tion between the  id le
wheel and tire. Thus , the idle whee l and the tire will  be
in antiskid  operation. The  antiskid operat ion at the  ti re
is highly beneficial since the wear is considerably
reduced over skidding wear, and the rolling coeff icient of
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Antiskid Brake

friction can be considerably higher than sliding
coefficient of friction. In addition, with rolling at the idle
wheel it is less likely that abrasive particles picked up by
the tire will be transferred to the idle wheel; a common
problem with bicycle rim brakes.

The idle wheel arm is lightly spring loaded against the
brake block so that the idle wheel is inoperative when
not in contact with the wheelchair rear wheel. For
parking, the brake lever arm is ratcheted and can be
locked in place under load. The idle wheel is assumed to
be 1.5 in. in diameter and 1.0 in. wide, in steel or
aluminum. The design of the idle wheel needs to be as
light as possible so that it will come up to speed rapidly
when placed in contact with the rear wheel of the
wheelchair_ There are brake block materials that are
especially designed for steel or aluminum with good wet
operating characteristics (See Whit and Wilson, p. 208).

Fig. 2; Whee l choi t Free -Body O i ogron

N

Model Equations

A free -body diagram of the rear wheel of the wheelchair
and the rest of the wheelchair is shown on Figure 2. By
applying the conditions of static equilibrium to the forces
shown it is possible to write an equation for the
maximum braking force Q..x at the brake In terms of the
overall load acting at the center of gravity, dimensions of
the wheelchair with respect to the center of gravity, and
the coeff icient of frictlon at the rear tire contact. The
value of the dynamic coefficient of friction, N, depends
upon the tire material, where N= .45 for polyurethane, p
= .65 for clay f illed rubber, and y = .85 for silica f illed
natural rubber. The equation for Q. . is

Qm. — AW( 2X,+ [1]

In addition, From Fig. 1, we have

FR
-  Q  - P [2]

In Eq. 1, we see that the dynamic forces acting on the
wheelchair cause the maximum brake force to be
substantially different from the forces that would be
calculated assuming the wheelchair Is stationary.

Design Calculations

The International Organization for Standardization (ISO)
has experimentally determined the location of the center
of gravity of user and chair (Ref. 3), and for a typical
wheelchair with a weight of 55 Ibs and a user having a
weight of 165 Ibs (Total weight of user and wheelchair is
220 Ibs) the dimensions to the c,g. are

x, = 7 in. (0,178 m); xZ = 8 In. (0.203 m);

h = 26.3 in. (0.668 m) [3]

Neglecting the rotational inertia of the wheels, the
deceleration of the wheelchair due to the brake on a
horizontal road according to Newton's Law is

M d z ie- FR
- Q [4]

From Eq. 4 and integrating once results in an equation
for the time of braking as

t - o ° [ 5]

Substituting Eq. 1 and wheelchair dimensions into Eq. 5
results in the minimum time to stop from a speed of Vo
= 2 mph as
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Antiskid Brake

Fig. 3: Antiskid Brake
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The minimum stopping distance is given by

Smin - V. tt '  1.47 t (ft) [7]

The equation for the short shoe drum brake is developed
in several machine design texts, e.g. Mott, p. 486, and is

Q (a - b )
FH-  [8l

In Eq, 8 we have assumed the following dimensions for
the brake shown in Fig. 1: L = 12 In., a = 3 in., and b
= 3/4 In. In the case where b is as shown in Fig. 1, the
drum brake is self- actuating, Le, the force Q acts to load
the brake pad against the idle wheel. This means that
the user does not have to exert as much force F„ as
would be necessary if the brake were not self- actuating.

Design Results

The calculated results using Eqs. 6 and 7 are shown on
Fig. 3. The operating point for three different tire
materials does not show a significant advantage as far
as braking is concerned. A plot of Eq. 1 and Eq. 8 is
shown on Fig. 4. Here we see the advantage of using a
self - acting brake, especially at high p.

Discussion

This new antiskid dynamic brake design for wheelchairs
offers significant advantages to the user over the typical
parking brake currently available. The design is a self -
actuating brake which minimizes the force necessary to
operate the brake.

Force (lbs)
60

40

30

20

10

0
0 0.2 0.4 0.6 0.8 1

Dynamic Friction Coeff icient

— Q + F H

Fig. 4: Brake Loads
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1 0 . 5 Improved Wheelchair Gearb ox Efficiency

Mark R . F ord , J.G .  T hacker & J. J.  Kauzlaric h
University o f Virginia Rehab ilitat io n Engineering Center

Charlottes ville, VA 22903

Introduction

An effic ient drive system in an elec tric wheelc hair helps
co mp ens ate for the limited energy s upp ly of wet c ell b atteries
and the time  t ha t  is  re q u ir ed  t o  r ec ha rg e th em. Aft er  a
rec harge of the b atteries , it is des ired to go as long as pos sib le
befo re hav in g t o  rec ha rg e o nc e a ga in. If  t he mec h anic al
sys tem in the po wer train is  inefficient c ons tant recharging is
nec ess ary. This paper d isc us ses  a way to extend the "o n road"
servic e time of an elec tric wheelc hair.

Background

T he d rive s ys tem o f  a n elec tric  wheelc hair consists of a
permanent magnet DC mo to r whic h is  c o ntro lled  b y a P uls e
Width Mod ulator (P WM), a red uctio n gear b o x and  a pulley -
belt arrangement. T he PWM is  sup plied  by a c o ns tant twenty
four volts; two twelve volt batteries . As the op erato r
maneuvers the control stick the PWM sends varying length
pulses  o f c onstant energy to the moto rs  whic h d etermines their
s p eed  and direc tio n. T he  mo to rs  ar e e ac h a tt ac h ed to a
s ep arate gear b o x.  T he gears  ins id e the b o x will red uc e the
ro tatio nal s p eed  o f the mo to r and  at  the s ame t ime inc reas e
its  torq ue cap ab ility. T he o utp ut s haft  o f eac h gear b o x is
then c onnected  to  a p ulley whic h d rives the rear wheels  o f the
chair by a belt system. Ineffic iencies  are found inside the gear
bo xes  where mec hanical lo s s es  o cc ur, and in the s lipp age o f
the belt  on the p ulleys .

Discussion

T he c o mmo n p rac tic e  is  to  us e a gear b o x utilizing a wo rm
and  a  s ing le en velo p ing g ear. T his  allo ws  th e s haft  o f the
mo to r and  the gear b o x o utp ut s haft  to  b e at  right angles  to
one another.  Although a s pace s aver it  is no t a highly efficient
gearing  arrang ement. The wo rm is  d riven b y the mo to r and
wo rks much the s ame as  a p o wer s crew thread .  As  the wo rm
turns  it  drives  the gear whic h is p art ially wrap ped  aro und  the
wo rm. Bec aus e o f the slid ing c o ntact  between the worm and
the wo rm gear high fric tion forces occ ur lo wering the
efficiency. A s pur gear o n the o ther hand  co nsis ts o f a s mall
p inio n and  a larger gear. The p inio n is  d riven b y the mo to r
and  trans mits  p o wer to  the gear. Due to  invo lute c utt ing o f
the gear teeth t heir is  ro lling  fric t io n and  mu c h les s  s lid ing
frict ion as app osed to the c onstant s lid ing friction in the wo rm
gear. T he effic ienc y is therefo re higher in  t he  s p ur  g ea r
arrangement than that  o f a wo rm gear s ys tem[1].  If  the s p ur
gear were to be us ed  it would  no t allo w the c hair to  b e folded
fo r sto rage d ue to  the shafts of the pinio n and the d riven gear
being in a parallel line with o ne ano ther . This  is  an imp o rtant
drawb ac k fo r s p ur gearing in wheelc hair d es ign.

Ass uming the necessity fo r c omp actnes s of wheelc hair sto rage,
ano ther  alter native is  p o s s ib le: Du e  t o the relatively lo w
volume of electric wheel chair prod uc tion the gear bo xes us ed
are no t specifically designed for wheelc hairs . They are
designed to be us ed  at  relat ively high s peeds . As  a res ult the

lub ricant is  a very vis co us  blac k greas e.  T he entire gearbo x is
filled  with the thic k lubricant. At the lo w s p eed s  that a
wheelchair will be operated the grease causes a lot of drag
decreasing its efficiency. A lubric ant kno wn as
polytetrafluoroethye.ne (P T F E) is used for its ability to
lub ricate in unus ual co nd it io ns,  o ne o f whic h is  low s peed s.

It  wo rks  in much the s ame way as  graphite. Very small s olid
particles slide over eac h other with a very low co effic ient o f
frict ion. This property is id eal for the slid ing motio n b etween
the teeth o f the wo rm and the envelo p ing gear. As the
surfaces s lid e pas t eac h o ther the P TF E p artic les  p erform as
microscopic ball bearings . S mall amo unts o f  P T F E are
ap plied  only to the teeth s urfaces  eliminating the drag that  is
experienced by the total immers io n of the gears  in the grease.

Metho d

The p ower was measured to determine the different efficiency
ratings for thes e different gearing poss ibilities. A dynamometer
was used to d etermine the input po wer delivered to the sys tem
and  to  meas ure  the p o wer tha t  was  p ut o ut b y the s ys tem,
The efficiency was  then calculated b y po wer output divided  by
power inp ut. Fo ur d ifferent motors,  all o f the same typ e were
tested  to find  an average efficiency rating. The one that  b es t
fit the  av era ge was then used as a cons tant for the two
different gearb ox c onfiguratio ns  and  the lubric atio n variat io n,
The wo rm gear was  tested at a c ons tant load while varying the
inp ut voltages. Changing the amount of vo ltage is  eq uivalent
to the varying leng th p uls es  s ent  o u t b y th e P uls e  Wid th
Mo d ulato r. The sp eed  o f rotation b eing in direc t prop o rtio n
to  the vo ltage inp ut is  a pro p erty o f the DC mo tor and thus
different inp ut and  o utp ut p o wer values  c an b e reco rded  fo r
the various inp ut vo ltages . At the s ame  t ime the ro tatio nal
speed at eac h voltage level can be used to  c alc ulate the
wheelc hair s peed . T he lin ear velo c ity o f the c hair c an be
determined  from the ro tatio nal sp eed  o f the gear b o x o utp ut
shaft  and  the measured radii of the two pulleys and the radius
of the wheelc hair

lr

wheel b y the fo llo wing equation:

V E L w = 21< I

R

(RPM  X R pu LLEY) GEARR WHEEL� X 60

e I[ w11EELYULLEY 1 0 0 0

The effic ienc ies  fo und  fo r the mo to r and  gearb o x to gether
were then d ivid ed  b y the effic iency o f the motor b y its elf fo r
eac h of the c o rresp o nd ing vo ltages  res ult ing in the gearb o x
effic ienc y. The same p roced ure was follo wed using a s pur gear
of ap proximately the same size and  weight. The results  of the
data fo r b o th the wo rm gear and  s pur gear are s ho wn in
figure 1. The next test  involved us ing the worm gear b ox and
remo vin g all the gr eas e fr o m ins id e an d  aro un d  the gears .
The PT FE lub ricant was  then ap plied to  the teeth s urface and
the s ame p ro c e d ure was  fo llo wed  a s  b efo re. The res ults
co mp aring the effects o f the two lub ric ants  in the worm gear
are s ho wn in F igure 2.
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Figure 1: Efficiency vs Sp eed
Wo rm gear & S p ur gear

Exp erimental Res ults

As Figure 1 illus trates,  the sp ur gear d oes have a nine percent
average higher efficiency rating than the worm gear.
Ins tallat ion o f s pur gears o f the s ame size and weight as  the
wo rm gears  wo uld  inc reas e the t ime and  dis tanc e o b tainab le
by eac h rec harge. Ho wever,  as  mentio ned  befo re,  us ing the
spur gears wo uld  restric t the wheelc hair' s s torage c ap abilities,
due to the sp ur gear's  characteris tic  of input and o utp ut shafts
being p arallel.

Staying with the worm gear but replacing the trad itional grease
lub ric ant with the  P T F E wo u ld as  illus t rated  in F igu re 2
signific antly increas e the effic ienc y esp ec ially at the lo wes t
sp eeds .  T he s p eed s ,  c o ns eq uently,  that  are mo s t freq uently
encountered at which turning and basic maneuvering occur.
It should  be noted  that  if the PTF E lubricant were used in the
spur gear an even higher efficiency would be obtainable.
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Figure 2: Efficiency vs Speed
Effec t  o f Wo rm gear Lub ric atio n

Conclusion

The experimental res ults  for worm gear b o performanc e show
a twelve p erc ent increase in effic iency at the lo w s peeds of the
wheelc hair and  a fo ur p erc ent inc reas e in eff ic ienc y at  the
higher speeds. This is a sufficient imp ro vement which
warrants the us e o f the P T FE lub ric ant in typ ic al wheelc hair

worm gear sets.
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10.6 AN IMPROVED DC -DC CONVERTER  FOR ELEC TRIC WHEELCHAIR PROPULSION

Rafael M. Ihigo, Karim T. Shafik, Collin W. Park

University of Virginia Rehabilitation Engineering Center

Charlottesville,VA 22903

Abstract

This paper describes the design, construction and
testing of a pulse- width - modulated (pwm) power
supply for electric wheelchairs using state -of the -art
power MOSFET transistors and integrated circuits.
Due to  the low component count and use of n-
channel power MOSFETS only, the efficiency of
the circuit is extremely high, a a very important
consideration for electric wheelchair power sup-
plies. The all new pwm power supply represents a
considerable improvement with respect to our pre-
vious design which used both n- channel and p-
channel MOSFETS.

Background

It is well known that, in order to control the speed
of an electric wheelchair, the constant do voltage
supplied by the battery must be converted to a vari-
able magnitude do voltage to be applied to the
armature of the permanent magnet do motors used
for chair propulsion. The modern method of obtain-
ing this variable do voltage is by using a pulse -
width- modulated (pwm) power supply, created by
switching the constant do on and off by means of
power transistors. The resulting constant fre-
quency, variable width train of pulses has an aver-
age value equal to the do component. The
waveform also contains many harmonics (ac com-
ponents) that do not contribute to the motor torque.
The motor efficiency is lower using the pwm supply
than a pure do voltage. However, the efficiency of
the pwm supply is very high, because when the
transistors are off, they do not have losses, and
when they are on (and saturated, which is the case
here) there only losses are due to  the "on resis-
tance", i.e. the equivalent resistance between drain
and source in a power metal-oxide-semiconductor-
field effect - transistor ( MOSFET.) In modern Mos-
fets, this resistance is extremely low. In this way,
circuit efficiency is optimized, an important con-
sideration for better utilization of battery charge,
and consequent improvement in hours of use
between recharging and on battery life.

To avoid the anoying noise caused by the pwm at
low frequencies, it is standard practice to run the
converter at frequencies of 20 KHz or higher. MOS-
FETS are more efficient than bipolar transistors at
high frequencies and their input impedance (gate
impedance) is extremely high. For these reasons,
MOSFETS are preferred in pwm do -dc converter
design. Until recently, it was necessary to use both
n- channel and p- channel MOSFETS because the
H -bridge configuration required for bidirectional
operation of the motors put the gates of the two

"on" transistors at very different voltage values. An
all solid state do -dc converter using both types of
MOSFETS was designed constructed and tested at
the University of Virginia Rehabilitation Engineer-
ing Center some years ago [1] . The efficiency of
this converter was good, but it required the use of
two p- channel transistors in parallel to accomodate
the required operating current, because the current
capacity of p- channel MOSFETS is lower than that
of n- channel MOSFETS. In addition, their "on
resistance" is higher than that of the n- channel dev-
ice. Thus, a two p- channel combination has losses
higher than double the losses of a single n- channel
equivalent.

Research Objective

The objective of third research is  to design, con-
struct and test an efficient, compact and reliable
pwm do -dc converter with an efficiency consider-
ably higher that that of the previous design. The
basic innovation of the design consists in the use of
only n- channel MOSFETS, made possible by the
IR2110 integrated circuit [2]. The converter has
been designed, constructed and tested, both in the
bench and in an EWC.

Design and Construction Method

The all -n- channel do -dc converter has a very low
component count. It consists of the SG3731
integrated circuit (IC) pwm waveform generator,
two IR2110 ICs to drive the MOSFET gates, four
n- channel power MOSFETS and a few passive
components (resistors and capacitors,) Fig. 1 . The
H -bridge configuration allows bidirectional motor
operation. The SG3731 has two pwm outputs, only
one of which is active at a given time. The control
signal is  a voltage from -6 to +6 volts. When the
input is negative, output channel B is active, and for
positive input, channel A is active. The operating
frequency is controlled by the RC circuit to which

the input is applied and was set at 20 KHz by
proper choice of CT . Each IR2110 IC generates
two pwm outputs, H and L, Fig, 1, which are at the
proper level to be applied to the gates of the high
and low MOSFETS, respectively, as shown in the
figure.

In order to drive the two motors of an electric
wheelchair, the design of Fig.l had to be doubled,
i.e., two identical circuits driven by a single joystick
(with two outputs) were implemented. The total
number of ICs is then six (two SG3731, four
IR2110) and eight MOSFETS are necessary.
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Figure 1 The all n- channel do -dc converter

Results

The circuit was tested in the bench to check proper
operation, and to determine the input- output voltage
characteristic which, as shown in Fig.2 is very
linear. Next, the efficiency was determined using a
high precision digital power analyzer, induction
dynamometer, and dynamometer digital power
readout, Fig.3. Two basic tests were performed:
efficiency vs armature voltage with constant torque
and efficiency vs torque for constant armature vol-
tage. The efficiency of the converter -motor combi-
nation and of the motor alone were determined, thus
allowing the calculation of the converter efficiency
by means of ticonv = rlrotITImot

Results are shown in Figs.4 and 5 which show con-
verter efficiency vs armature voltage and vs torque,
respectively. It can be seen that in both cases, for
adequate operating conditions (i.e., armature vol-
tage above 50% of the rated 24V and midrange
torque, the converter efficiency stays above 90% .
The n- channel,p- channel converter highest effi-
ciency was.about 85 %. Fig.b shows the efficiency
of the "old" and the n- channel MOSFET
converter +motor for constant, torque (.5 Nm) and
variable armature voltage. Notice the very signifi-
cant improvement in efficiency of the new con-
verter. In addition to achieving efficiencies in the
mid 90% range, efficiency remains essentially con-
stant for a wide range of armature voltage. On the

other hand, the previous converter had a much
lower efficiency that peaked at about 75% and
decresed rapidly for lower armature voltages.

The converter was also tested in an electric wheel-
chair with excellent results. Tests were performed
in a chair equipped with the adaptive
microcomputer -based control system developed at
the UVA REC [3] for flat terrain, upramp, down -
ramp, etc. In all cases the performance of the pwm
was on a par with the rest of the system.
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Discussion

It has been shown that a do -dc converter using ICs
and n- channel power MOSFETS with very low
component count, and consequently high reliability,
low cost and small size and weight, has an excellent
efficiency and can be used for efficient electric
wheelchair operation.
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A NEW METHOD FOR ELECTRIC WHEELCHAIR PROPULSION

Robert Pence, Frank Churillo and Rafael M. Inigo

Rehabilitation Engineering Center

University of Virginia, Charlottesville, Virginia

ABS T RACT

Traditionally, elec tric wheelchair pro pulsion has b een effected

by means o f p ermanent magnet d irec t current (de) servo

mo to rs .  Alternating c uurent (ac ) induc tion mo to rs are very

reliab le,  unexp ens ive and  have c haracteris tic s ad eq uate fo r

vehic le p rop ulsion. However, a c omplex elec tronic  circ uit is

required  to co ntro l thes e mo to rs . The rec ent availab ility o f

integrated circuits that perform many of the necessary

functions,  has simp lified the d es ign o f the nec ess ary control

circuit. In this paper we decrib e the design and construction of

an electronic , highly integrated circuit that produces variab le

frequency three phase alternating c urrent from a direct current

power supply.

BACKGROUND

Elec tric  wheelchairs  have almos t exclus ively b een driven b y

permanent magnet do mo tors [1). T here are two bas ic reasons

for this exclusivity: 1) this type of mo tor has high effic iency;

and  2) it  is  easily c ontro lled  due to  its linear to rque /s peed

characteristic. Altho ugh o ther types  o f motors p os sess high

efficienc ies and the necessary performance characteristics,

e.g, brushless d o motors and ac  induction motors, they are not

as easy to control as permanent magnet d o motors. The

diffic ulty in co ntro lling the AC ind uc tion motor is manifo ld :

an ac wave must be pro duc ed from a d o po wer sup ply and  to

produce a variable speed at  high efficiency, multiple variables

such as the amp litud e, frequency and p has e o f the input

current must be co ntrolled . The need  to  c o ntro l numero us

variables typ ically res ults in a co mplex control system that  is

prohibitively exp ensive if implemented with discrete

components.
Although it may appear that p ermanent magnet d o moto rs are

perfect for electric wheelchair p ropulsio n, there are p roblems

assoc iated with their use, The princip al prob lem is that these

mo to rs req uire a signific ant amo unt o f maintenanc e to keep

them op erating efficiently. This maintenance is d ue to the use

of mechanic al c ommutation to co ntro l the flow o f current in

the armature o f the motor. To  pro duc e the c ommutatio n,

brushes ride o n the motor c ommutator and as the co mmutator
turns a spark oc curs at the wailing edge of the brush [2]. Over

time thes e sp arks  res ult in deterioratio n of the b rushes and,

eventually, the commutator itself. Hence, the need for

increased  maintenance.

10.7

The increased maintenanc e required  b y the permanet magnet
do mo tors has resulted in efforts to us e other types of mo tors

for wheelc hair propulsion. One type of motor under

cons ideration is the AC ind uction motor.  Up on examining the

ac induction motor mode of o p eration, it  is immed iately

discovered that the amount of maintenance required is

significantly les s than that  o f a p ermanent magnet DC mo to r.

This  is becaus e ac  ind uc tion mo to rs  d o no t need  b rushes  to

prod uc e an alternating current in the rotor. The c  ind uc tion

motor has  two ad ditional ad vantages over p ermanent magnet
do motors: 1) the po wer rating and mechanical sp eed of the

moto r is  not limited  by a mechanical commutator;  and  2) they

arc les s expensive.

The advantages that the ac induction motor posses ses over the

permanent magnet ac  moto r are enc ouraging. Ho wever,  as

discussed  previous ly, the c ontro l circuitry for an ac induc tion

motor is more c omp lex than that of the permanent magnet do

motor. This factor is the main reason that ac induction motors

are not widely us ed, but recent ad vanc es in integrated circ uits

my change this.  The truth of this statement is indicated by the

succ ess  that GM has  had in incorporating ac ind uction mo tor

propulsion into their electric car, the IMPACT [3).

DESIGN METHOD

Currently there are commerc ially availab le integrated circ uits

that when co upled with several power MOS FETs will produce

an ac wave fro m a d o  p o wer s up p ly. One such IC ,  the

IR2110, is produced b y International Rectifier. The remainder

of this report will focus on the use of the IR2110 to produce a

pro totype mo tor co ntroller fo r a 24 vo lt /24 amp ac induction

motor.

Pro to typ e mo tor co ntro ller

The typ e o f mo to r co ntro ller des igned is  generally called  a

solid -state inverter. The inverter c ons is ts  o f two parts: a

control portion and a power portion.

Co ntrol p o rtio n

To  us e an ac  ind uc tio n moto r o n an elec tric  wheelc hair,  a

method must be found to c reate a three -phase power s upp ly.

To simp lify the des ign of the three -phas e wave generator, it

was decided  that the moto r co ntroller would  us e three -phase

RESNA 14th  ANNUAL C ONFERENC E. • KANSAS C ITY,  MO.  1991 151



Ne w p r o p u ls io n  me t h o d

square waves to power the motor. Therefore, complex

circuitry was not needed to create a pure sine wave. This may

decreas e moto r efficiency beyond acceptable limits. Currently

we are evalauting the performance of this circ uit and

considering how to p roduce a more sinus oid -like waveform.

Circ uits  that  us e vario us  fo rms  o f lo gic to prod uc e sq uare

waves were ex amined to  d etermine which typ e o f d es ign

could  p rovid e three s eparate p has es , while p rovid ing a means

to vary the frequency over a larger range.

First, a netwo rk was  c ons tructed that provid ed a variable

freq uency, single -phase wave. This was ac co mp lished by

using an LM555 timer as a sq uare wave os cillato r.  By using a

100 kit  p o tentio met er in the t imer c ir c uit ,  the LM555 was

able to  pro duc e an output that could b e varied from 140 Hz to

9600 Hz.

With this variable frequency square wave, a three -phase wave

was  p ro duc ed  b y using three D -Flip -Flops connected in  a

John son Coun ter configuratio n. In general when N D -F lip -

Flop s are c onnected  as a Johnson  Counter, a y H4 input wave

will res ult  in N d is t inc t  o utp ut wa ves  at  y12N Hz that  are

separated by 360 ° /N, e.g. with N =3 and y=360 Hz then three

dis tinct waves  are output that  are 1200 out -of -phase with each

other. To  guarantee that  the waves  are exac tly 3601 /N out -
of- phase, the D- Flip -Flops must be reset.

With the ability to  produce a three -phase square wave fro m a

group of lo gic d evices, the next task is to use these low power

logic level waves to produc e the nec essary 24 volt three -phase

waves fo r input to the moto r. This  part of the inverter des ign

is  referred to  as the po wer po rtion, becaus e of its  use o f the

IR2110s  to p rod uc e a high p ower outp ut from a lo w po wer

logic level input.  The reaso n for producing 24 vo lts ac power

supp y was related  to the availab le d o vo ltage (24V) fro m the

battery.

Po wer P o rtio n

The p rimary co mpo nents  of the p ower po rtion of the des ign

are three Internatio nal Rec tifier IR2110 high vo ltage MOS

gate d river chips  and  s ix IRF 150 MOS FET  trans is tors , als o

fro m International Rectifier. The MOS FETs  are co nnected  in

series  pairs fro m the 24 volt rail to  ground . Eac h series pair

provides one phas e of outp ut to the motor. By conventio n, the

MOS F ET s  c o nnec ted  to  the 24 vo lt  rail are called  the high

sid e FETs and tho se c onnec ted to the gro und rail are the low

sid e FET s. The high s id e FETs  s witc h 24 volts  to the mo to r

when turned  o n and the lo w s ide F ETs  switc h 0 vo lts  to  the

motor when turned  o n.  Only one FET in the p air is  o n at  any

given t ime. Therefore, switc hing F ET s  o n and  o ff in the

proper sequence will p roduce 0 to  24 vo lt sq uare waves. With
the control portion of the circuit providing three -phase squares

(one phase to each FET series pair, via an IR2110, each phase

of the F ET  d rivers  will pro vide a 24 vo lt  s q uare wave with

each phase having a 120 d egree p has e shift

The IR2110s  in the circ uit  are us ed  to  p ro vid e the gate b ias

required  to drive the FETs into full enhancement, i. e. with the

lowest voltage d rop  ac ros s the d rain -  so urc e terminals. The

high side FETs  are the primary reas on for us ing the IR2110s

ins tead of a generic  charge injec tion design. This  is because

in o rder to  o p erate the F ET s  in full enhanc ement,  the gate

voltage must be 10 -15 volts higher than the drain vo ltage. On

the high s id e,  s uc h a gate voltage is ab ove the 24 volt  rail,

whic h is  the h ighes t  vo ltage  availab le in the d es ign. The

IR2110 integrates most o f the functions req uired  to  drive the

high side F ET and italso provides  the ability to d rive the low

side FET.[4]

A pro to typ e inverter c irc uit  was d es igned,  co nstruc ted  and

tested. The schematics is given in Fig.1 . The IR2110 has three

principal inputs (HIN, LIN and SD) and two principal outputs
(HO and LO). The HO and LO outputs  are connected  directly

to  the gates  of the F ET s  and  they are in phas e with the HIN

and  LIN inp uts  res pec tively. T he HIN and  LIN inp uts  are

pro vid ed by the co ntrol po rtion of the design. These s ignals

are 1800 out-o f-phase with eac h other s o that either the high

side or low s ide FET is turned on at s ome instance in time, but

both never are o n simultaneo usly. T h e S D inp ut is  als o

provided by the control portion of the des ign. When this  input

is  held  high,  the HO and  LO outp uts  are b o th low,  thereb y

disabling the FETs. The HO output pin is us ed to control the

high s id e F ET  and  the LO likewis e c o ntro ls  the lo w s id e.

Since the HO and  LO signals are 180° out -of- p hase, it can be

seen that  when the high sid e FET is on the lo w side is  off and

vic e vers a. Therefo re,  a s ingle IR2110 and  two  FET s  c an

prod uce the pro per switching neces sary to  operate one phase

of the ac  inductio n motor.

RESULTS

The pro totype motor controller of Fig.1 has suc ess fully b een

built  to  op erate a 24 vo lt /24 amp three -p has e ac  induc tio n

motor. It is currently being tested to  determine its efficiency.

Once this test ing is completed, the results will be comp ared to

the effic ienc y o f the mo to r us ing a 24 vo lt  three -p has e ac

input to  operate the mo tor.  One po ssib le c onc lusion that may

co me from thes e effic iency test  c o mp ariso ns  is  that  us ing a

sq uare wave as  the inp ut to  the mo to r s everely res tric ts  the

performance of the motor. If this indeed does prove to be true,

then the moto r c ontroller will have to  be red esigned s o that  it

produces a sine wave for input to the motor. This will b e o ne

of the first  areas under investigation after c o mp letion o f the

efficienc y tests.
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Figure  1 . The Prototype Inverter Circuit

CONCLUSIONS

The c ircuit rep orted  in this  paper, together with a s pecially

wound 24Y ac  induc tion motor have been used to s how that it

is  p os sible to  c ontrol the sp eed o f an induction mo to r by

means of a simp le,  low co mp onent, reliable inverter c ircuit .

The low c ost  and  extremely high life o f the ind uc tio n mo to r,

plus its go od characteristics fo r vehicle p ropulsion, make it an

attractive alternative to permanent magnet do motors.
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10.8
T H E  D E V E L O P M E N T  O F  A N  H M R C  H E A V Y  D U T Y  J O Y S T I C K

Je r z y  A n t c z a k ,  I h s a n  A 1 -  T e m e n ,  L y n n e  B a l f o u r  &  S t e p h e n  N a u m a n n
H u g h  M a c M i l l a n  R e h a b i l i t a t i o n  C e n t r e

T o r o n t o ,  O n t a r i o ,  C a n a d a

A B S T R A C T

A  H e a v y  D u t y  P r o p o r t i o n a l  J o y s t i c k
h a s b e e n d e v e l o p e d p r i m a r i l y f o r
p o w e r e d  m o b i l i t y  c o n t r o l .  I t  a d d r e s -
s e s  t h e  n e e d s  o f  p e o p l e  w h o  d e s i r e  a
p r o p o r t i o n a l c o n t r o l s y s t e m b u t
w h o s e s p a s t i c  o r  a t h e t o i d  m o v e m e n t s
p r e c l u d e  t h e i r  u s e  o f  s t a n d a r d j o y -
s t i c k s . A p r e v i o u s d e s i g n of a
h e a v y  d u t y  p r o p o r t i o n a l  j o y s t i c k  h a s
b e e n d e m o n s t r a t e d  t o  b e f u n c t i o n a l
w i t h c l i e n t s , h o w e v e r m e c h a n i c a l
d i f f i c u l t i e s  h a v e  r e d u c e d  i t s  e f f e c -
t i v e n e s s . A  n e w  h e a v y  d u t y  j o y s t i c k
h a s  b e e n  d e s i g n e d  t h a t  a d d r e s s e s  t h e
t e c h n i c a l  d i f f i c u l t i e s . T h i s  d e s i g n
i s  p r e s e n t e d  h e r e .

I N T R O D U C T I O N

T h e m o s t f r e q u e n t l y e n c o u n t e r e d
c o m m e r c i a l i n t e r f a c e fo r p o w e r e d
m o b i l i t y  s y s t e m s  i s  t h e  p r o p o r t i o n a l
j o y s t i c k _  I t  p r o v i d e s  r e s p o n s i v e  a n d
d i r e c t c o n t r o l  o f  s p e e d  a n d d i r e c -
t i o n . S o m e  i n d i v i d u a l s  h o w e v e r a r e
u n a b l e to t a k e  a d v a n t a g e of th i s
f i n e c o n t r o l b e c a u s e  t h e y d o not.
h a v e s u f f i c i e n t m o t o r i c c o n t r o l .
Ga te d,  m ic ro  -  s wi tc h jo ys ti ck s ar e an
a l t e r n a t i v e t h a t  s t i l l  p r o v i d e d i -
r e c t c o n t r o l , b u t f i n e m o v e m e n t
c o n t r o l  o f  d i r e c t i o n  i s lo st . L e s s
u ; r e c t s o l u t i o n s s u c h  a s s c a n n i n g
s y s t e m s (1, 2 )  o r  t o u c h sensitive'
i n t e r f a c e s  ( 3 )  a r e  y e t  a n o t h e r  s o l u -
t i o n  b u t  a g a i n  d o  n o t  a l l o w  f o r  f i n e
c o n t r o l . W h i l e t h e s e a l t e r n a t i v e s
p r o v i d e s o l u t i o n s f o r i n d i v i d u a l s
w i t h m o r e o r  l e s s s e v e r e m o t o r i c
i m p a i r m e n t s , t h e r e is  a g r o u p of
p e o p l e w h o s e  n e e d s  a r e  n o t  a d d r e s -
s e d . T h e s e p e r s o n s ma y h a v e t h e
a b i l i t y  t o  u s e  p r o p o r t i o n a l c o n t r o l
b u t  u n c o n t r o l l e d  s p a s t i c  o r  a t h e t o i d
m o v e m e n t s d a m a g e  s t a n d a r d  j o y s t i c k s
w i t h i n a  s h o r t  t i m e . Ou r s o l u t i o n
w a s  t o  e m p l o y  a  h e a v y  d u t y  j o y s t i c k .
P r e v i o u s l y  w e  h a d  d e v e l o p e d  a he a v y
d u t y j o y s t i c k u t i l i z i n g  a  P e n n y &
G i l e s J C P 3  j o y s t i c k a s s e m b l y (4 ).
To -date 1 1  o f  t h e s e  j o y s t i c k s h a v e
b e e n  p r o v i d e d  t o  c l i e n t s .  U n f o r t u n a -
te l y v a r i o u s m e c h a n i c a l p r o b l e m s
e x i s t  w i t h  t h i s  p a r t i c u l a r  j o y s t i c k .
T h e r e f o r e w e  h a v e  p r o t o t y p e d  a n e w

he a v y d u t y  j o y s t i c k  b a s e d  u p o n o u r
o w n m e c h a n i c a l  a n d e l e c t r o n i c d e -
si g n .

H A R D W A R E  D E S I G N  C R I T E R I A

T h e p r i n c i p a l  d e s i g n  r e q u i r e m e n t s
fo r th e d e v e l o p m e n t  o f th e he a v y
d u t y  j o y s t i c k  w e r e  a s  f o l l o w s :

1 .  T h e  j o y s t i c k  s h o u l d  b e  s e l f c e n -
te r i n g an d h a v e s t r e n g t h and
d u r a b i l i t y t o  b e  a b l e to wi t h -
s t a n d t h e e x c e s s i v e  f o r c e s ap -
p l i e d by ve ry st r o n g , sp a s t i c

us e r s .
2.  T o t a l s t i c k  t r a v e l  s h o u l d  b e 1 4

d e g r e e s  i n  a n y  d i r e c t i o n  f r o m  t h e
c e n t r a l  p o s i t i o n .

3 .  T h e  o v e r a l l  p a c k a g e ' A u s t  b e  e a s i -
l y  m o u n t e d  o n  a n y  t y p e  o f  p o w e r e d
w h e e l c h a i r .

4 .  T h e  k n o b  m o u n t  s h o u l d  b e  m o d i f i a -
b l e to al l o w fo r m o u n t i n g of
d i f f e r e n t  k n o b s  a n d  h a n d l e  b a r s .

5 .  T h e d e v i c e  m u s t  b e  a b l e to r e -
p l a c e a n u m b e r of c o m m e r c i a l
j o y s t i c k s  w i t h  d i f f e r i n g  e l e c t r i -
c a l  c h a r a c t e r i s t i c s  a n d  r a n g e s  o f
mo v e me n t .

6 .  T h e j o y s t i c k  m u s t  b e  a b l e  t o b e
d i r e c t l y  p l u g g e d  i n t o  a n  e x i s t i n g
i n t e r f a c e  i n p u t  o n  t h e  m a i n  p o w e r
c o n t r o l l e r  o f  t h e wh e e l c h a i r .

D E V I C E  D E S C R I P T I O N

E l e c t r o n i c  c i r c u i t r y  h a s  b e e n d e -
s i g n e d to p r o v i d e ou t pu t s i g n a l s
that e m u l a t e a  r a n g e of s t a n d a r d
w h e e l c h a i r j o y s t i c k s . S i n c e th e r e
a r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e s e
s i g n a l s b e t w e e n  v a r i o u s m a n u f a c t u -
r e r s ,  t w o  s e p a r a t e  e l e c t r o n i c  b o a r d s
h a v e  b e e n  d e s i g n e d .  O n e  p r o v i d e s  t h e
d i f f e r e n t i a l  v o l t a g e s  n e e d e d  b y  E v e -
r e s t &  J e n n i n g s  w h e e l c h a i r  c o n t r o l -
le r s w h i l e  t h e  o t h e r  i s c o m p a t i b l e
w i t h  t h e  s i n g l e  e n d e d  i n p u t s  o f th e
I n v a c a r e  A r r o w  a n d  F o r t r e s s  S c i e n t i -
f i c  w h e e l c h a i r s . T h e  p o s i t i o n i n g  o f
ON /OFF a n d HI /LO W s wit che s m ay b e
e a s i l y  c u s t o m i z e d  f o r  e a c h  c l i e n t  t o
a l l o w  f o r  a c c e s s i b i l i t y  a n d p r o t e c -
ti on o f  t h e  s w i t c h e s  f r o m  t h e  e n v i -
r o n m e n t . T w o  l i g h t  e m i t t i n g d i o d e s
(L E Ds ) in di ca ti ng  H I /L OW  s pe ed an d
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ON /OFF status were mounted on a face
plate of the joystick. The HI/LOW
and ON /OFF switches were also moun-
ted on the same plate close to cor-
responding indicators.

A commercially available 3/8" bore
spherical bearing was selected as
the basis for the design. The joy-
stick has a 7/16" diameter stainless
steel shaft whose diameter was step-
ped down to fit the spherical bea-
ring, and captivated to the bearing
with the retaining ring. This assem-
bly is nested in a square aluminum
block via a large internal retaining
ring. The top end of the shaft was
threaded to allow various lengths of
shafts to be used. The opposite end
of the shaft was reduced to 3/16"
diameter to allow it to engage with
two cradle assemblies that are at 90
degrees to each other. The cradle
assembly was fabricated from two
brass rotors connected to each other
using two 3/32" diameter stainless
steel rods placed symmetrically a-
bout the centre line of the rotors
and spaced apart to fit the 3/16"
diameter end of the stick. One brass
rotor of each cradle assembly was
directly coupled to a potentiometer.
The cradle assembly was supported by
two ball bearings housed in the main
square aluminum block. This sub-
assembly was fastened to the alumi-
num coverplate using four screws. A
Delrin disc was fastened to top of

DELRIN DISC

LED

POT

SPHERICAL
BEARING

RETAINING

the coverplate with a conical hole
in the centre to serve as a mechani-
cal stop and to limit the travel to
+/ -14 degrees. This arrangement is
to eliminate the transfer of loads
to the delicate cradles and poten-
tiometer elements. The whole mecha-
nism was housed in a cast aluminum
box together with the electronics. A
rubber boot is used to seal the top
of the stick. Mounting holes and
brackets are used to mount the joy-
stick to the wheelchair arm rest.

CONCLUSION

A heavy duty joystick has been
developed, suitable for clients par-
ticularly with spastic or athetoid
cerebral palsy, who exert extreme
force in arm movements.
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DYNAMIC COMPETITION SELECTION TECHNIQUE FOR COMPUTER ACCESS

T. Nantais, F. Shein, M. Milner and H. O'Beirne
The Hugh MacMillan Rehabilitation Centre
and the Institute of Biomedical Engineering,

University of Toronto,
Toronto, Ontario

ABSTRACT

A new selection technique for computer access is presented. This
technique is based on a conceptual model of the experienced human
listener in direct selection augmentative communication. It is hy-
pothesized that redundancy in terms of the characters selected and in
the pointing motions required to make selections can be exploited to
reduce the amount of confirmation that the user must give during
selection. Reduction inconfirmation may reduce thephysical burden
of computer access for persons with severe motor impairments and
result in increased efficiency of use.

BACKGROUND

Individuals who have difficulty using acomputer keyboard because
of motor impairments are often prescribed an alternate access system
to replace the keyboard. The aim is to lessen the physical demands of
entering characters while maintaining full functionality of the com-
puter. One particular type of alternate access system continuously
monitors the user's input (such as finger position); these have been
labelled "auto- monitoring" access systems (Vanderheiden, 1973).
Potentially, these systems offer an advantage compared to the
standard keyboard since the keyboard is incapable of sensing or
reacting to what the user's hand is doing until a key is pressed. The
additional information associated with the continuous movement
overakey has been used as a technique to selecta key in theAutoCom
(Vanderheiden,1973).

If continuous motion of some part of the body is to be used to select
from an array of possible items (e.g., letters), the user must have some
means of indicating when a selection is to be entered into the
computer. A "selection technique" is necessary because there is no
longer a discrete switch associated with each possible selection as
with a keyboard. Two selection techniques have been employed in
previous auto-monitoring access systems. The fist requires the user
to activate an external switch when pointing within the area of the
desired selection. The second relies on "relative cessation of move-
ment" (Vanderheiden,1988) inside some region around the desired
selection. This second technique will be referred to as the static
pause -time technique.

STATEMENT OF THE PROBLEM

Typical static pause -time strategies require that movement remain
completely within a certain region for a specified time. This means
that if the user momentarily leaves the region of that element, the
selection process begins again from time zero, with no bias toward
theelementwhich had been receiving so much attention. Romichand
Russell (1985) proposed an improved selection technique where
there is a counter associated with each element in the selection set.
Each counter keeps track of how many position samples have been
found inside its corresponding region since the last selection. When
any one of the counters reaches some specified value, that selection
is made and all counters are reset. This softens the selection criterion
to a competition between the candidate elements and has been shown
to reduce the physical demands of access (Romich & Russell, 1985).
This technique, however, does not take advantage of additional
information available to the system which could be used to speed the
selection process.

APPROACH

In this project, the possibility of extending the competition selection
technique is explored for the purpose of further reducing thephysical

11.1

demands ofaccess, In particular, the model of theexperienced human
listener in direct selection augmentative communication is used. It
has been observed that the human listener speeds the communication
process by echoing a prediction to the communication board user as
soon as he or she is relatively certain which element the user intends
toselect. The selection criterion of the listencroften exploits knowledge
of redundancy in language and in the pointing motions themselves,
resulting in correct Interpretation even when pointing is unclear. It is
proposed that an approximation to the listener's ability to exploit
redundancy to bias selection towards certain elements over others
will improve the efficiency of the selection process in a computer
access system.
A technique similar to the competition selection technique is sug-
gested whereelements arechosen when pointing within the region of
an element exceeds some minimum number of samples. However,
we propose to vary the minimum number of samples or "activity
quota" from element to element, with more probable elements being
given lower quotas than less probable. This selection technique will
be referred to as "dynamic competition." Both lexical probability
distributions based upon previously entered selections and pattern
analysis of the pointing motion itself are used to set the activity
quotas. These are described below separately.

1. Lexical Probability Distribution
Thecharacters that have already been entered can be used to evaluate
each character's probability of being selected next (Shannon, 1951).
A Markov Model is often used to store the probability distributions
in the computer's memory. For our experiments, the Markov Model
was built using a table of 5000 words and their relative frequencies.
Knowledge of the frequency of the words was used to calculate the
frequencies of characters within words given the characters that
precede them. These preceding characters are called the context

An example of the model's performance is shown in Figure 1. As
shown, the number of characters used in the determination of the
distribution (i.e., the context size) depends on how many characters
in the current word have already been entered. It has been noted in
previous work with lexical probability distributions (Fouids et al,
1987) that predictions made across word boundaries are a large
source of prediction error in such a model. The model is not capable
of producing a meaningful distribution for the first letter of a new
word unless it is able to consider probabilities at the word level.
However, the model is not so equipped. Therefore, all letters are
considered equally probable for the first entry of a new word. The
probability distribution for the second letter depends only on the first
letter. Thus, the context used for producing probability distributions
increases as morecharacters of a word are entered, up to a maximum
size of four characters.

Onceaprobability distribution iscalculated, the individual probabili-
ties are converted into activity quotas through an arbitrarily chosen
decreasing function such as an exponential decay. Parameters of this
conversion function are chosen during the customizing process in
order to fit the pointing qualities of the client_

2. Pointing Motion Pattern Analysis
The lexical probability distribution depends only on the previous
entries and is set before the motion toward the next character begins.
It is likely that the pointing motions themselves contain information
about the motion's destination. Referring back to the experienced
human listener model, it is not difficult to imagine a large part of the
listener's "experience" consisting of the ability to use these motion
cues to separate probable from improbable destinations on the
communication board. Equipping the system with the potential to
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s e q . Co nt ex t Corr ec t
Next
13n

P - b . Se q. Con te xt Co t `  . t
Next

try

Ptob, seq. Con te xt Co r n e t
Next
Ent ry

Prob.

1 T 0.037 8 SUN S 0.14 15 I S 0.10

2 T 11 0.33 9 SUNS H 0.00 16 Is b 0.63

3 TH E 0.63 10 UNS11 1 Q,037 17 W 0.037

4 THE b 0 . 4 2 1 1 1 1 NSHI N 1 0 . 2 0 1 1 8 1 W I A 1 0 . 2 0

5 S 0.037 12 SHIN 0.0 6 19 WA R 0.017

6 S U 0.019 13 HINB b 078 0 WAR M 01057

7 SU I N
10.12

1 4 f 0.037 21 W ARM b 1.0

Figure 1: An example of the performance of the variable - context Markov model for determination of lexical probability distributions. The
"context" is the string of previously entered characters used in the distribution's calculation. Only the probability of the correct nextletter is shown
here, but all probabilties are calculated by the model. "b" represents space.

infer the destination of
a

pointing motion from characteristics of the
motion itself makes use of more information from the user and could
result in reduced need for confirmation information like pausing.

To explore this hypothesis, a system was assembled for analysis of
finger- pointing motions. Assume that the position of the user's ringer
relative to a letter board is known to the system. As the finger moves
from region to region on the board, the task is to decide whether it will
be stopping in its current region or moving to another, as illustrated
in Figure 2 for a mo tion going from 'T'  to 'H. '  The arrows in the
diagram represent points at which the system considers thedestination
question. The decision takes the form of a number, Gi, between zero
and one with a low number indicating low likelihood that the region
in q ues tio n is the des tination and  a high numb er ind icating high
likelihood.

Neural Networks for Pattern Recognition
The details concerning selection of these numbers, Gi, arc now de-
scribed. A neural network model (Rumelhartetal,1986) was chosen
because of adaptability. A neural network is a collection of inter-
connected simple processors. Processing together, they can model
co mp lex s ignals  fro m the outside wo rld . T he o p emtio n of the
processors  can be s imulated o n a micro computer altho ugh elec-
tronically integrated neural network chip s are becoming available
which can process very quickly because they act in parallel. The real
advantage of a neural network is that pattern classification problems

A B C D E F G

I J K L M N

R S T UVW Q

X Y Z

fit{ =o.8 GI Gh=0.I , d = 0 . 0 1

OR--0.04
Figure 2: The pointing motion interpretation problem. See text for
details.

are approached through observation of labelled training examples.
No assumptions about the underlying process producing the patterns
need be made. In this sense, a neural network learns by example as
opposed to being programmed.

Itis possible for theselection technique to adapt itself to theparticuhlr
pointing qualities observed over time from a particular user. Several
neural - network -based pattern c lassifiers were examined and the
arrangement shown in Figure 3 was eventually chosen. To accom-
modate differences in pointing ability in different arras of the board,
eachcharacteron the selection board has a network with the structure
shown associated with it Each network is trained sep arately with
pointing motions that have either stopped at or just crossed over its
ownregion.Oncetrained, the taskofeach network is to determine the
number "Gi" as soon as the finger crosses into its region.

Pattern Recognition Performance Evaluation
In a pilot study, the pointing motions were collected from a partici-
pant with spastic cerebral palsy who uses a direct selection letter
board for face- to-face communication. Each pointing motion was
examined separately and broken down into segments according to
the regions that werecrossed in theprocessof reaching thedestination.
If a region was simply crossed on the way to another, a desired Gi of
0 was associated with that motion segment. If aregion was the target
of apointing motion, a desired Gi of 1 was associated with the motion
segment that brought the finger into the target's region. The network
gradually leams to imitate the desired outputs based on the motion
segment information. The goal of this network training is to produce
a reasonable output when presented with a new motion segment.

output

F. y 2 y2 x3 y3 x 4 y FAT y

Figure3: The neural network model used to predictselections. There
is o ne network with this s tructure for every region containing a
selection on the selection board.

After training, as a pointing motion passes over a region associated
with a network, the single output unit of that network produces a
number between zero and one indicating an estimate of the chance
that the user's finger will stop in its region. If the networks are able
to tell thedifference between "stopping "and "moving on" early in the
targeting phase of the mo tion,  the activity q uotas  for candidate
regions can be adjusted accordingly. In other words, a high ccnainty
that the pointing motion will end in a particular region results in a
reduction of the activity quota for the corresponding element so that
it is easier to select.

Overall p erformanc e of all of the networks can be evaluated by
comparing the desired outp ut with the actual output for pointing
motion segments that the networks had not previously encountered.
Figure 4 contains two histograms showing the distribution of the
network outputs for the two classes of desired output. Figure 4(a) is
the frequency distribution ofactual network outputs when thedesired
output was zero (i.e., "moving on "). Figure 4(b) is the same distribu-
tion for the motion segments when the finger was stopping in that
region (i.e., desired output is one). Figure 4(a) contains many more
entries than Figure4(b) because there are many more instances where
the region is only crossed over on the way to another target. There
are 26 entries in Figure 4(b) because this is the number of times `W'
was the target in the trials.
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Figure 4: Histograms showing performance of the neural network associated with the letter W.' (a) shows output when the letter region was
crossed on the way to another letter. (b) shows output when 'W' was the destination.

Figure 4(a) suggests that the networks can tell when the pointing
motion will not stop at their particular region with high accuracy,
Figure 4(b) indicates a lesser degree of certainty when the pointing
motion finishes in their regions. However, the large percentage of
cases in Figtr+e4(b) where the output is greater than 0.5 demonstrates
potential for significant savings in selection time through classifica-
tion of pointing movements.

3. Prototype
The concepts described in the previous sections are implemented on
an IBM PS/2 Model 30 286. The Markov Model uses 300 Kb of
extended memory and the neural networks and the other control
software arc implemented in the 640Kbase memoryofthecomputer.
The position of the finger is sensed optically using a special - purpose
video camera system and a passive marker mounted on the finger.
Locations of the marker are fed from the camera to the PS/2 in two
dimensions at a rate o f 30 samples per seco nd. A letter board is
mounted on the table in the viewing area of the camera. As the user
points to regions on the letter board, the camera relays the pointing
information to  the PS/2 which applies the dynamic competition
selection scheme. In the c urrent implementation, a commercially
available keyboard emulator connects the PS/2 to a target PS/2.

This arrangement is c urrently b eing tested with the p art ic ipant
mentioned ab ove.  The exp eriment is a comparison between the
proto type and  the computer ac cess system that this  participant
normally uses for writing. Results of the comparison will give an
indication of the usefulness of the technique.

IMPLICATIONS AND DISCUSS ION

The upcoming pilot study is meant to support the idea that acomputer
access system can relieve much of the physical burden of making
selections by playing the role of a familiarfacilitator like the expe-
rienc ed human listener in augmentative c ommunication.  Further
clinical test ing with the prototype is required to gain kno wledge
about the design criteria of such systems.

One likely msultof clinical testing is the identification of the need for
a more versatility in pattern recognition. Limitations of the current
system aredueentitely to computadonalconsidcm6ons and not with
the performance of neural networks. Neural networks are already
appearing in fast hardware implementations and it is expected that
computational considerations will notpresentaproblem inthefuture.

Increasing generality of the pattern recognition section would im-
prove adaptability of the system both to person- to-person variation
and to variation in the selection qualities of an individual over time.
Different pointing techniques such as headpointing, could also be
accommodated with possible relief of problems such as neck fatigue
through relaxation of selection criteria.
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WIVIK: A VISUAL KEYBOARD FOR WINDOWS 3.0
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ABSTRACT

WiViKTm is an acronym for Windows Visual Keyboard. It is a
softwareapphcationdmtdisplaysanon- screen keyboardthatenables
users of Microsoft Windows 3.04 to transparently enter text into
applications through anypoint ingdevice thatfunctionsasaMicrosoft
MouseTM Equivalent keystrokes to a real keyboard are entered into
the currently active application when a key is clicked with a pointing
device within WiViK.

The WiViK keyboard is displayed within a moveable, resizeable
window. It may be customized for: number and arrangement ofkeys,
key widths, key labels, key label font, key spacing, and key colour.
Keys are automatically resized when the keyboard is resized. Mul-
tiple WiViK keyboards may be displayed, each with a different key
layout, and used simultaneously.

When a pointing device is used, all of the graphical user interface
features of Windows areaccessible, although some actions may still
be difficult ( Brownlow, Shein, Thomas, Milner, & Pames, 1989;
Treviranus,etal.,1990). Scanningisspecificallynot yet implemented
because many problems areunresolved in supporting non - keyboard
actions. This paper describes our developments to -date, proposed
future developments, and unresolved issues.

BACKGROUND

Introduction
Many techniques have been developed toallow people with physical
disabilities to use traditional text -based interfaces on computer
systems. Forexample, people can enter text into a computer through
alternative keyboards (e.g., expanded orminiature), by scanning and
selecting from a keyboard displayed on a computer screen (visual
keyboard) or separate device with as little as a single - switch, or by
using Morse Code with one or two switches. Visual keyboards that
provide transparent text entry have been available for several years
on front -end computers (Lee,Shein, Parnes, & Milner, 1985), as pop-
upwindows in text-based interfaces(Dolman, 1987; Gorgens,Bergler,
& Gorgens, 1990; Schwejda, & Vanderheiden, 1982),and as a
separate application window on the Macintosh (Schoenberg, &
Halleck,1987).

Recently, Graphical User Interfaces (GUIs), such as Microsoft
Windows 3.0 have gained widespread acceptance because of their
ease of use. Unfortunately people with physical disabilities may find
GUIs a tremendous barrier in accessing a computer. Most of the
problems relate to the physical demands of the pointing device which
involves: moving with relatively fine continuous control, clicking
one or more buttons, dragging while holding the button, and moving
between the keyboard and pointing device.

Solutions are starting to appear in the marketplace to address these
problems. For example, Microsoft has recently released Windows
3.0 software developed at the Trace Center (Madison, WI) that will
support 'sticky key' features and keyboard mouse emulation. Key-
board emulation through a serial link is also possible. The Trace
Center has also developed a device that will provide these keyboard
enhancements and emulation with any operating system on an IBM
personal computer (Schauer, Novak, Lee, & Vanderheiden, 1990)
including DOSP OS/2;" and Windows 3.0. Current visual key-
boards, however, will not function within Windows because it is a
completely different operating system.

Statement of the Problem
Although keyboard modifications and serial linked keyboard emu-
lations are available, the development of a visual keyboard within

Windows 3.0 presents unique problems, These problems are seen in
two areas: achieving functional text -entry; and supporting manipu-
lation of GUI objects (windows, icons, menus, scroll bars, text
blocks, etc.). Only the first area is of concern to users who have
pointing ability. They can manipulate objects with some pointing
device and only need support to enter text Here, the point and click
ease -of -use of GUIs is an advantage.

Users who have only limited pointing or clicking ability, or who may
utilizean indirect scanning technique are atan extremedisadvantage.
Manipulation of objects may be very difficult or impossible. It is
suggested that a visual keyboard alone cannot solve this problem.

Rationale
After carrying out a two -year study of access to GUI environments,
we have endeavoured to develop a series of visual keyboards that
incorporate the positive features from existing ones and that begin to
address the unique GUI access problems. This paper reports on the
development of a new visual keyboard that supports users who have
pointing ability. Typical users would be thosewith ahigh-level spinal
cord injury. At this time, scanning was purposely not incorporated
because adequate solutions for scanning within a GUI do not pres-
endy exist.

DESIGN AND DEVELOPMENT

We have separated visual keyboards into three separate classes

• Basic keyboard:emulation of a standard IBM style keyboard, or
part of a keyboard, ! ,̂ the numeric keypad or function keys

• Macro keyboard: user - defined macro definitions of text and
command functions

• Predictive keyboard:predictivedisp Iayofa library of words and
macro definitions

Rattler than combine all of these distinct keyboard styles together in
one visual keyboard, we decided to take advantage of the Windows
environment and assign a separate window foreach. This has several
advantages including: individualized layout, sizing, and placement
of each keyboard; reduced amount of information that needs to be
displayed in a keyboard if not all styles are necessary or desired; and
modulaNevelopment. To -date, we have developed a basic keyboard,
called WiVIK, inseveraldifferentlayoutsandintenwtional languages,
A macro keyboard is currently under development and a predictive
keyboard is planned for the future.

WiViK was programmed in Microsoft C and works with any IBM
PS/2Tm and MS -DOS compatible 286, 386, 486 microcomputer
running Windows 3.0. A minimum of 2 Mb memory is suggested to
run Windows effectively although WiViK itself only takes ap-
proximately 35K of memory. The standard keyboard remains
functional throughout all operations.

Any pointing device that emulates the Microsoft Mouse including
mice,trackballs,touchscreens,and headpointingsystems,will function
with WiViK. The target application is first identified by clicking
anywhere within its window. Keystrokes are then transparently
entered into that application by pointing and clicking WiViK keys
with the pointing device. Common one -finger 'sticky key' features
such as latching shift, control and caps lock keys are built -in since
there is always only one selection point.

The keyboard window may be positioned and sized using standard
Windows operations. Access to all standard Windows functions by
the pointing device is not affected by WiViK in any manner. Thus,
both key entry and pointing control is available through a single
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device. The real keyboard remains
functional at all times.

As an alternative to clicking, an option
is provided that enables selections by
dwelling overakey. Users may employ
this to their advantage to quickly enter
textwithouthavingtoactivamMa switch
fo r every s elec tio n. T he p ointing
device's switch is still required, how-
ever, for actions outside of the visual
keyboard. Users who are unable to
operate a switch would be limited to
text entry alone because of the nature
of the Windo ws  enviro nment. This
limitation is d iscus sed b elow under
"Unresolved GUI Access Issues."

Several layout and function op tions
are provided, including:

• loading of pre - defined keyboard
layouts and definitions from sepa-
rate text files

• variable unitwidth and height keys
• automatic sizing of keys within the

keyb oard windo w when it is  re.
sized

none, small (10% of key size), medium (20%) or large (30%)
• a variety of screen fonts with automatic sizing of characters to fit

within each key
• international keyboard characters
• multiple keyboard layouts which may be displayed and used

simultaneously
• an option to lock the position of keyboard or allow the user to re-

position it
• an option to lock the size of keyboard or allow the user to re-size

it
• an option to always have the keyboard displayed above all other

(including active) windows
• automatic storage of layout
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dard layout WiViK plus a numeric keypad WiViK operating with two applications.

EVALUATION

Formal evaluations of WiViK have not yet taken place. In -house
technical evaluations have been carried out to ensure that WiViK
does indeed function as designed. Demonstration copies of WiViK
have been distributed to several sites across Canada, the United
States, Finland, Sweden, and England. In addition to evaluations by
individuals with disabilities, WiViK is being examined by industrial
companies because it is applicable to the general marketplace for
such applications as point -of- -sale systems and multi-media.

DISCUSSION

Access Features
Several design features enable WiViK to provide access to any
Windows application. It is suggested that any implementation of a
visual keyboard in a GUI should contain at least these features:

a) Selecting keys in the visual keyboardshould not transferkeyboard
focusfrom the larger application.

While permitting multiple windows to occupy the screen, most GUIs
restrict keyboard input, or focus, to one window at a time. Keyboard
focus defines where keystrokes will be sent, and many GUIs only
display selection highlighting and the insertion point in the window
having keyboard focus.

Typically, keyboard focus is transferred W a window when the user
makes a mouse selection within it. In WiViK, however, focus is only

switc hed  when it is moved,  sized,  or when its  menu is used .
Whenever the user clicks within its keyboard area, WiViK is pro-
grammed to send the key without obtaining focus. Thus, any high-
lights and the insertion cursor remain visible in the application and
multiple visual keyboards may be operational at one time (Figure 1).

b) The visualkeyboard application should send keystroke informa-
tion to the target application that currently has focus.

WiViK achieves this capability by posting a sequence of messages
to the Windows event queue. When the user clicks on a key, the
appropriate virtual keycode is fast determined. Then the destination
of the keystroke is identified as the window with input focus (the
target application). A 'key down' message is posted along with the
virtual key code. Control to Windows is briefly yielded to allow the
target application a chance to process the message. This is followed
by a final posting of a 'key up' message along with the virtual
keycode. The target application views these messages as if theywere
generated by the real keyboard.

A unique problem arises when sending keystrokes to select menu
items with .Al[-key combinations. The first Alt -key combination
(e.g., Alt -F for 51e menu), pops up a menu as expected. Then,
according to Windows convention, the user should pointand Click at
a menu item or use a key equivalent to select an item. Clicking
anywhere outside of the menu, by convention, closes the menu.
Clicking a visual keyboard key to send a key equivalent would Then
nor mall y c lo se the menu without selecting an item. Therefore, an
exception had tobe programmed into WiViK to force the operating
system to always consider a mouse click within the keyboard am:tas
a key selection.

c) The visual keyboard window should usually rerrtainoo top and be
visible.

In aGUI which allows multiple overlapping windows, windows rise
to the top when selected for input Any visual keyboard could then be
obscured by another window. Although the user can always move
windows outof the way with the pointing device, it can bea nuisance.
On the other hand, if the visual keyboard is always forked on top of
all other windows then a portion of an application maybe obscured
and ilwould be similarly bothersome tamovethe keyboard, W1ViK's
solution is togive the user the option to rum on or off its exclusive
positioning above all other windows.
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When the option is off, the visual keyboard rises to the top only when
clicked; it may be temporarily obscured by any pop-up dialog boxes
or new application windows. When the option is on, the visual
keyboard will always be the top -most window. When the visual
keyboard is'minimized' or reduced to an icon on the screen the icon
remains visible above all other windows.

d) The visual keyboard shouldsupport a range ofkeyboard layouts.

All key information used by the visual keyboard is stored in a text file
that can be loaded into WiViK. This information includes key
presentation characteristics (width, height, color), key arrangements,
key label strings, virtual key codes, key types (normal, Shift, Alt,
Caps Lock, Control). Layouts and key codes that differ among
keyboard manufacturers and nations can be accommodated by
entering their definitions into the text file.

A customizing program that will enable the user to change the
keyboard layouts and key definitions is under development. When
completed, the user will be able to use one visual keyboard to create
another. However, it is anticipated that most of the customizing will
be with the macro visual keyboard and that the basic keyboard will
remain constant.

Unresolved GUI Access Issues
A number of problems exist in accessing all of the features that are
common in a GUI such as Windows 3.0. A GUI employs gadgets
such as menus, scroll bars, tool palettes and so on. Although a dwell
time may be set to permit selection of keys by dwelling over a key,
gadgets are inaccessible because only the visual keyboard itself is
programmed to accept such action. Altering the software driver for
the pointing device so that dwell time selections are accepted
throughout the GUI is possible. However, this is only a partial
solution because the targets for selection (gadgets and the insertion
point) may be difficult to point at because of their various sizes
compared to keys in the visual keyboard which can be sized to match
the user's physical pointing ability.

Further, operation of gadgets goes beyond clicking and includes
double - clicking and dragging. A simple dwell time is no longer a
solution forthese. Hamann (1990) has proposed an alternate solution
for headpointing devices that includes both dwell times and gestures.
A short dwell time selects a cursor position; a downward nod
performs a single -click; an upward nod performs a double - click;
shaking to the right clicks the right button; and continued dwelling
initiates dragging which iscompleted bydwelling again. Dwell times
and the gesture actions may be adjusted to individual preferences.
Filtering may alsobe applied to smooth the movement of the cursor.
Manipulation of small gadgets, however, still remains a problem if
head control is poor.

The same problems exist if scanning is employed in the visual
keyboard. Scanning to emulate the mouse is impractical for screen
pointer and insertion cursor manipulation. The time that it takes to
scan to akey repeatedly to move the cursor to selectand move ablock
of text, pull downamenu or move icons is unacceptable. If a GUI is
designed for total keyboard control then it may be possible to access
gadgets and text by scanning to select the appropriate keystrokes but
these may be different between applications. This would also greatly
increase the number of items that must be scanned as well as increase
the cognitive demands of the interface (remembering keystrokes)
which is counter to the notion of a GUI reducing such loads.

Strategies must be developed that take advantage of the inherent
feature of scanning which is the discrete selection of items. These
mustbeapplied to notonly thevisual keyboard butto the whole GUI
environment. For example, the data itself, such as text, may be
scanned within the application (Shein, et al., 1990). Perhaps the
gadgets can be scanned directly. Intelligent agents may also be
defined in the visual keyboard that can be delegated to perform tasks
that typically involve movement Another possible solution is to
implement virtual selection techniques to accommodate users who
cannot performstandard button selection actions. Selection could be

mapped toavirtual codeand movements could be mapped toavirtual
technique. However, further research is requited to identify and
refine such tactics.
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Providing Computer Access  Features under DOS
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Abstract
DOS is the most popular and widely used Operating
System for IBM personal computers available today.
Even though DOS has shortcomings and /or limitations,
the population of DOS -based computer users continues
to expand. While several Graphical User Interface
(GU1) Operating Systems, such as OS/2`" and
Windows 3.0`", are available for personal computers
and were designed to avoid many of the DOS limita-
tions, many disabled and non - disabled computer users,
for various reasons, prefer to learn or remain operating
under DOS. However, the inability of many disabled
users to operate standard input devices, such as the
keyboard and mouse, has many times prevented them
from accessing a personal computer. Many third -party
developers have created software patches which assist
disabled and non - disabled individuals to access personal
computers. These have not, however, addressed the full
range of requirements set down by the General Services
Administration (GSA). In particular, they have not ad-
dressed the access problems surrounding mouse -based
software. A new software package of access features
has been developed for DOS, which addresses all the
GSA requirements for persons with physical (motor)
disabilities. This access package includes access fea-
tures for the keyboard and mouse and for alternative
input devices. Currently under test, this access package
for DOS is expected to be released in the spring of
1991. It is hoped that this access package can act as a
"model" for direct incorporation of the access features
into future versions of the standard DOS operating
system.

Background and Statement of the Problem
The Disk Operating System is the most popular and
widely used Operating System for IBM personal or
IBM compatible computers available today. However,
the inability of many disabled users to operate standard
input devices such as the keyboard and mouse has pre-
vented them from accessing personal computer systems.
People with moderate physical disabilities may require
assistance to access a computer due to one or more of
the following reasons:

1) An individual may not be able to simultaneously
depress more than a single key, preventing
them from using most programs which require
multiple simultaneous key depressions to per-
form tasks such as typing shifted characters,
screen switching, menu activation, or cut and
paste operation. Many times, this is the only
major computer access barrier for people who
type with a mouthstick, headpointer or have a
spinal cord injury.

2) An individual may have poor coordination with
slow or irregular response time or capability,
which makes time dependent input unreliable.
These individuals find themselves generating

11.3

numerous unwanted key repetitions simply
because they cannot release a key within the
repeat tolerance of the keyboard.

3) An individual may have limited eye /finger.
(eye /stick) coordination and often strike un-
wanted keys before targeting the desired key.
Those individuals who have hand tremors,
eye/hand coordination difficulty, or utilize a
headpointer or mouthstick often may spend
more time trying to delete unwanted keys than
selecting the desired key.

4) An individual without fine motor control, with
paralysis, tremors, or using a mouthstick or
headpointer for computer input, may not be
able to control or manipulate a pointing device
such as the mouse or joystick with fine enough
movements or activate the buttons on a point-
ing device such as the mouse while simultane-
ously maneuvering the device.

Individuals with more severe physical disabili-
ties often are unable to access a personal com-
puter, even when modifications to the standard
keyboard or mouse input devices are available:

5 These individuals require some mechanism to
connect and use an alternate input device(s), to
emulate the standard keyboard or mouse.

Approaches Taken and Implications
Many third -party developers have created software
patches which assist disabled and non - disabled individ-
uals to access personal computers. Perhaps the single
most important and most often duplicated piece of
"access" software performs the "sticky" key operation of
the keyboard modifier keys (SHIFT, CONTROL, and
ALTERNATE). These programs have various names,
but all of them allow the one finger, mouthstick, or
headpointer typist to type sequential keystroke combi-
nations instead of pressing and holding multiple
keystroke combinations simultaneously. This simple
computer keyboard modification has provided com-
puter access for many persons with disabilities. One
common method to provide the "sticky" key action, was
to use a DOS terminate- and - stay - resident (TSR) pro-
gram. The TSR program would alter the codes sent to
DOS from the keyboard for keys which were to remain
"sticky" such as the SHIFT key, and after the "sticky"
action was completed, the TSR program would provide
the necessary house keeping to keep DOS in synchro-
nization with the actual status of the keys on the key-
board. This method to perform the "sticky" action
works well with those DOS applications which retrieve
their keystroke information while using standard DOS
keyboard function calls. This method does not work
well with those DOS applications which read the key-
board hardware directly or hook the standard DOS
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keyboard function calls and replace them with their own
calling methods.

Some of these same TSR software programs also pro-
vided for the adjustment of the key repeat rate and also
adjustment of the length of time delay until a key starts
to repeat.

The ability to adjust the amount of time a key must be
depressed before it is recognized by the computer has
not been as readily available as the DOS programs
which provide the "sticky" key action. Many times, an
individual with a disability who could benefit from a
keyboard with a slower response, must resort to a
mechanical keyguard over the keyboard or an alternate
keyboard to prevent the depressing of unwanted keys.

The popularity of pointing devices such as mice as an
alternate form of standard computer input has spurred
the development of DOS application software requiring
a pointing device for efficient operation. However, a
DOS program which provides mouse emulation from
the keyboard has not been available.

Several third -party manufacturers have designed and
developed various alternative input or augmentative
communication devices which can also be used to access
a computer. Most of these devices consist of specialized
hardware which can communicate with a computer
through the serial or parallel port. Any software run-
ning on the DOS computer must be designed to receive
the serial or parallel alternate device information and
redirect it to the keyboard or mouse software handlers,
typically called "drivers ". This DOS computer software
must also understand the alternate device communica-
tion protocol or "how to decode" the alternate device
information into appropriate keyboard and mouse
codes before it can send the information onto the key-
board or mouse drivers. Efforts initiated by the Trace
Center and early alternate device manufacturers have
led to the unofficial adoption of the Keyboard Emulat-
ing Interface (KEI) Standard. The KEI Standard out-
lines a common series of alternate device commands, to
allow alternate input devices manufactured by different
third -party companies to emulate the keyboard while
communicating with a computer running DOS. The
KEI Standard however, did not provide any commands
to provide pointing device or mouse support, limiting
users of alternate input devices to the ability to do key-
board emulation only.

In the early 1980s, the Trace Center developed a TSR
program called "1- Finger" that runs on DOS based
computers. I-Finger provides the computer user with
"sticky" key and adjustment of the key repeating. These
keyboard enhancements are  now commonly referred to
as "StickeyKeys" and "RepeatKeys" respectively. Due
to the popularity and demand for 1- Finger, the Trace
Center has maintained and upgraded the program as
new computer hardware and new versions of DOS were
developed or released. While people with disabilities
who required the "sticky" key action or required adjust-
ment for key "repeating" have used 1- Finger with good
success, other disabled users who require a slower key-
board response, an alternate form of pointing device
control, or a method for their alternate input device to
access the computer have not been helped by 1- Finger.

Also, while 1- Finger requires only 1500 bytes of space
when operating in its TSR state, it still is subject to TSR
conflicts, and i- Finger has difficulties with DOS appli-
cations which do not use DOS keyboard function calls
to retrieve keystroke information.

Since there has been a high demand for additional
functions from programs such as 1- Frtger, and since the
Family 2 IBM Personal System 2 (PS/2) computers
allow direct insertion or injection of both keyboard and
mouse information, the Trace Center decided to launch
a new effort to totally upgrade the 1- Finger program.
The new program will provide similar functionality for
the IBM PC/XT /AT computer hardware as the current
1- Finger program. These include the "StickeyKeys and
RepeatKeys" keyboard enhancements while remaining
a DOS TSR program.  For computers running DOS
which contain the necessary hardware, the new program
will also provide the "SlowKeys and MouseKeys" fea-
tures. SiowKeys allows the computer operator an ad-
justable delay time before a depressed key is accepted
by the computer, thus slowing the keyboard's response.
MouseKeys allows the computer operator to control
the pointing device or mouse, from the numeric keypad
keys on the keyboard. For the IBM PS/2 Family 2
computer, the new program will take advantage of the
new hardware insertion or injection capability to pro-
vide a greater degree of transparency for DOS and
DOS applications since any injected keyboard and
mouse information will seem to have originated at the
standard keyboard or mouse.

The new program will also allow serial port access for
alternative input devices, on computers with the hard-
ware to support it. This form of access, utilizing the
serial port, has been dubbed "SerialKeys ", and will allow
for both keyboard and pointing device emulation pro-
vided the alternative input device follows commands
and protocol outlined in the General Input Device
Emulating Interface ( GIDEI) Standard. The GIDEI
incorporates much of the original KEI Standard, but
has also been expanded to include pointing devices.

The software programming for the new program is
scheduled to be completed in February, 1991. A two -
month in -house and third -party testing program is
scheduled after software completion. Therefore, the
new program is scheduled for release in the spring of
1991.

Discussion
This work is a natural extension of previous access work
which will hopefully lead toward direct incorporation of
the access features into the standard operating systems.

In September of 1990, the Trace Transparent Access
Module (T -TAM) was released. The T -TAM is an
external hardware device which attaches to the IBM or
Macintosh computer through the standard keyboard
and mouse port, and also provides the same features as
reported in this work. The T -TAM has the further ad-
vantage of being external to the computer, making it
both 100% transparent access and also operating
system independent.

In October of 1990, Microsoft Corporation began dis-
tribution of an Access Utility Software Package for the
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Windows 3.0- operating system. The Access Utility
Software Package for Windows 3.0" was developed at
the Tracc Center. The Access Utility Software Package
contains replacement keyboard and mouse drivers
which are part of the Windows Operating System and
provide the same features as reported in this work.
This package was released by Microsoft as a standard
item in their third -party drivers package for
Windows 3.0 '.

The work reported here extends the theme of
"developing methods for these access ideas to become
part of the standard ". This new program which com-
bines access features for the keyboard, mouse and
alternate input devices (such as a communication aid)
will provide a comprehensive computer access package
for people with physical disabilities who want to access
an IBM computer running DOS. It is hoped that the
development of these extensions to the standard oper-
ating system systems will lead to the direct incorpora-
tion of these features in future releases of the operating
systems.
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1 1 . 4 THE USE OF INTEGRATED CONTROLS FOR MOBILITY,
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ABSTRACT COMPUTER ACCESS

Access to assistive technology by severely disabled
individuals can be difficult. This paper describes the use
of integrated controls to access powered mobility,
communication and computer technology, by an
individual with CI -C2 quadriplegia. He uses a
pneumatic wheelchair control to access two switch Morse
code on an IBM compatible  computer, and a  custom
modified intra -oral electrolarynx for communication.
After six months of intermittent training, he is
communicating with the  electrolarynx and typing over
twenty words per minute. The evaluation, system setup
and problems encountered are described.

BACKGROUND

Omar is a 20 year old male who had a CI -C2 spinal cord
injury resulting in complete quadriplegia, in 1988. He
has severely limited head range and is ventilator
dependent. He also has nystagmus, a visual problem
which makes it difficult for him to focus on text.

He was using a mouthstick to type on an electric
typewriter when we were first  consulted to look a t
assistive technology with him. Working approximately
one hour a  day typing le tters  to friends and family,
Omar reported that it would take him approximately five
hours to complete a page length letter.

Omar drives  an Everes t & Jennings  Marathon power
wheelchair with a Dufco pneumatic controller (sip and
puff). The wheelchair controller a llows  the  user to
control devices which can be accessed us ing single
switch closures. The wheelchair has  a power recliner
which is controlled through the Dufco system.

EVALUATION

Omar was evaluated by the assistive technology team for
communication and computer access. The team consists
of an occupational therapist, physical therapist, speech
pathologist, and rehabilitation engineer.

Omar has normal cognition and is quick to grasp
concepts. He received his high school diploma while an
inpatient. During the initial interview, he stated that he
was not interes ted in a communication device  which
would speak for him, but he may be interested in using
a computer to write his letters.

The evaluation showed that the he has severely limited
head range but can reach most of  t he keys on a
typewriter keyboard us ing a  mouthstick. Due to a
collapsed trachea he cannot phonate, making speech
production impossible.

Due to the severity of his physical limitations, Omar and
the technology team looked at switch access as a
substitute to the mouths tick. Scanning arrays  proved
difficult due to his visual problem and he had difficulty
using a number of switches. Omar and the team decided
on an IBM compatible system with two switch Morse
code entry to the WordPerfect wordprocessor. Based on
the difficulty he  had with the evaluation switches , the
system was setup so that Omar could access the
computer through his pneumatic controller. Morse Code
WSKE from Words Plus of Sunnyvale, CA, was used as
the access program. WSKE was chosen because of its
rate enhancement options, and known compatibility with
standard wordprocessing software.

The equipment was initially configured taking advantage
of the rate  enhancement features  of the Morse code
software, word prediction, abbreviation expansion,
auto - capitalization and auto - punctuation. These options
can reduce the number of keystrokes needed during text
entry and can increase typing speed.

Training was  intermittent, generally three hours  per
week, due to his medical instability. After one month
Omar had learned the Morse alphabet and was typing at
a rate of approximately five words per minute. He was
not using the word prediction feature of the program
because "it slowed [him] down." Omar reported that he
could type a word faster than he could locate and select
it  from the prediction list . Consequently, the word
prediction option was removed from the configuration.

After the second month of using the computer system,
his speed had not increased much. It appeared that
Omar was typing faster, but the typing errors sometimes
caused the abbreviation expansion to produce phrases,
which then needed to be  corrected. The abbreviation
expansion and the auto - punctuation /capitalization were
removed from the configuration and his mistakes
decreased greatly, pushing his input speed up over
twelve words per minute.

By the end of the  third month, Omar was  typing
approximately eighteen words  per minute. He could
type a letter in about an hour.

Omar recently expressed an interest in exploring other
options with the computer. We are  currently in the
process of installing the necessary phone lines to connect
with the Prodigy service. Due to the  high memory
requirements of the graphics based service (almost 500K),
the  WSKE p rogra m wou ld no t fi t  in memory  with
Prodigy. What was needed was a Morse code access
program which requires less than 80K of memory.
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HandiCode from Micro Systems International, requires
approximately 60K of memory, works with Prodigy. The
codes for the alphabet and numbers are the same
between the two programs, because these are standard
Morse code. The special keys and characters needed to
operate a computer, (for example the function keys ,
control key, alternate key, cursor control key, asterisk)
need to be coded also, and each company has done this
differently.

We are  investigating the possibility of using a remote
link from the wheelchair to the computer so that Omar
could independently use a computer.

COMMUNICATION

At first not interested in communication technology, his
positive experience with computer technology has
changed his opinion towards a communication device.
Since then we have provide him with a small custom
communication device.

An intra -oral electrolarynx is a device commonly used by
individuals who have had a laryngectomy. The device
has  a  tube which the user places in his  mouth which
delivers the sound directly to the oral cavity. This device
was integrated into the wheelchair system.

The integration of the communication device has two
parts: physical and electrical. The device was physically
integrated by purchasing a tubing "T" union and splicing
the into the breath tube.

The electrical integration required a switch that Omar
could operate. Again, the pneumatic controller of the
wheelchair was used, but a latched switch was required,
and the Dufco system could only provide a momentary
switch closure.

A small electronic switch latching box was constructed
and placed between the device and the wheelchair
controller, which upon receiving a momentary switch
closure from the wheelchair, latches the device on. A
second momentary switch closure turns the device off.

DISCUSSION

Advancements in power wheelchair control technology
have made possible the integration of mobility,
communication and computer access. For individuals
who have limited access sites, this integration has many
advantages.

Morse code is a fast, efficient, direct selection technique,
which is very good for text entry to a computer. It is
especially useful for severely physically involved
individuals, because it can be operated using one or two
switches. In the case  of an individual who controls a
power wheelchair by s ip and puff, Morse code is
especially desirable. Additionally, since the access
technique does not require visual scanning, it is an input
possibility for people with visual impairments. The use
of this technique requires learning Morse technique, and
may not as effective for non -text applications.
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11.5
AN ALTERNATIVE APPROACH TO COMPUTER ACCESS:

THE "ADAM" INTERFACE FOR THE MACINTOSHTM

Randy J. Marsden, B.Sc. EE.
Greg J. McGillis, B.Sc. EE.

Madenta Communic ations Inc . (Ed monto n, Canada)

ABS T RACT

The Apple desktop bus Data Acq uisition Module, or ADAM, is a
hardware device aimed at providing "raw" input data to the Apple
Macintosh""'  for the purpose of creating a more flexible computer
access scheme for people with disabilities. A premise is made that
existing methods such as keyboards which directly map an input
action to a computer function are too limiting for peop le who are
unab le to  ac c ess  them effec tively. This  p aper d es crib es the
develop ment of system which strips away this layer of definition
by providing the comp uter with more rudimentary input informa-
tion which can then be customized to computer functions in a way
that is more suitable to the disabled user.

BAC KG R OUND

Since the invention of the mod em typewriter in 1867, relatively
mino r improvements  have b een made to the way humans input
information into  mac hines. The keyboard remains  the p rimary
means for data input, a job it seems to accomplish adequately for
the able - bodied masses. Since the advent of computer technol-
ogy, o ther input devices  s uch as the mo use and graphic tablets
have b een imp lemented . T hesed evicesco mp lementthekeyb oard,
but with rare exceptions, aren't a suitab le replacement fo r it.

STATEMENT OF  P ROBLEM

The prob lem is two-fo ld . Firs t, existing keyboards  are at b est
ineffic ient if  no t imp o s s ib le to us e fo r a p erso n with c ertain
physical disabilit ies. This  much is obvious. The second problem
is less obvious however. Most solutions to this inaccessibility are
ad ap tatio ns  o r emulations  o f the keybo ard  - the very d evic e
cons idered inap pro priate.

The statement of the s econd prob lem suggests that an alternative
input scheme must be devised. This however offers a third and
final prob lem. Most perso nal computers don' t pro vide a direct
way of inputting mo re rudimentary data that d oesn't necessarily
follow the metaphor of akeyboard. Such a scheme would require
a hardware ad aptation (like the Adaptive Firmware Card).

RAT IO NAL E

When the Grstkeyboard was developed, its inventors immediately
mapped raw inp ut actio ns to  a s pecific function; pushing a key
resulted in a letter being typed. Today, with an ever bro adening
range of computer applications, it would seem limiting tocontinue
with this  id ea of direct  mapping. Trying to force a person with
disabilities  to adap t to  the standard keyboard metap hor is much
like trying to talk an Eskimo into living in a Pygmy but - it simply
isn't ap propriate sinc e their needs and res ources are different.

We resolved to take a fresh lo ok at exactly how humans  interact
with mac hines,  and  to  try and  s trip  away that  extra layer o f
definition which was provided  120 years ago by the invento rs of
the first typewriter. By so doing we hoped to f nd a better type of
interfac e fo r people who  are physically challenged.

Before we could develop software that could accomplish this, we
needed a way to get the information into the computer in its rawest

form. This meant not developing another keyboard or mouse, but
rather a device that collects data and promptly lets the computer
know all the possible attributes of it (such as when it occurred and
where it came from). We are handing the computer a lump of clay
from which it can s culpt what is appro priate fo r the user, rather
than a pre - formed vase that can only be painted a different color.

DESIGN

The objective of our design is to provide a system which gathers
and sends data to a personal computer without any pre - defined
function attached. An example of what the co mputer then does
with this information is briefly outlined in the inset article to give
the reader a general feel for possible applications.

The ADAM was  intended from the o utset to  b e a co mmercial
product, and therefore was subject Loa few limitations. Firstly,we
were constrained to support only existing, commercially available

input devices. Seco nd,  we had  to bas e the d esign o n exist ing
microcomputer products. In short, the design was constrained to
not just existing technology, but to technology readily available to
the po tential us er. Belo w,  we d es cribe the c hoices for this
techno logy,  and how we implemented them in o ur design.

Choice of Computing Platform

A co mmo n theme in o ur d es ign is to leverage o ff of exis t ing
technology that we likely couldn't significantly improve on if we
did it ourselves. This  remains we in o ur c hoice ofa computing
platform. Rather than build a stand -alone unit from scratch, it was
deemed more important to use an existing technology with readily
available third  party hardware and software. As developers, this
allows us to concentrate on computer access and not word pro-
cessors, for example.

Figure 1. ADAM Unit (left) in typical configuration

In today's market the above criteria are met best by two obvious
platforms: DOS and  Ap ple Mac intoshTM. Altho ugh recent
products have significantly improved the graphical user interface
(GUI) of DOS machines, we c hose the Macintos h for our initial
des ign bec aus e o f its  p roven interfac e, ease of use,  and  the
structure of its operating system software.
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Choice of Switches

After choosing the Macintosh for our platform, the next task was
to identify the specialized input devices that we should support.
To help us identify these devices, we considered data from our
own surveys given to potential users, care givers, and profession-
als; government statistics; catalogue and market information from
commercial suppliers; standards established by the Trace R &D
Center; and other related technical articles (1). The results of our
findings, displayed in Table 1 , indicate approximately one third
of all disabled persons are single switch users, with another third
using either regular or expanded keyboards.

Given these Findings, we chose to support single /dual switch input
via three 3.5mm stereo mini - jacks, and expanded keyboards via a
36 -pin centronics connector. This configuration supports SET
standard inputs either directly, or via an adaptor.

As can be seen, all of the switches we have chosen to support are
digital (ON /OFF) input devices. This is because there arc
relatively few analog devices commercially used. However, we
feel valuable information is lost when only simple digital input it
used, and plan to support analog devices in the future as that
technology develops. For example, input could be received from
proportional sip -puff devices, from analog levels representing
muscle expansion o r contraction, or voltages that represent the
signals that are transmitted along nerve fibers.

Industrial Design

In designing the enclosure we felt it necessary to accomplish two

things: a) create a design that is coherent with other Macintosh
pro duc ts,  and b ) an attractive design that  is  no n - institutional
lo oking,  func tional,  and  app ealing to  the us er. We put forth
considerable effort usingan industrial designerand getting feedback
from care givers and users. The result is an enclosure that has the
image of compactness, portability, functionality and consistency
with other Macintosh products. (The ADAM is shown in Figure
1, to the left of the computer).

Data Representation

The manner in which d ata is  c ollec ted  and p res ented  to  the
Macintosh is at the heart of the design. A single ADAM unit can
accept input from up to 134 possible switches. (Note: a "switch"
may not only be a regular switch, but perhaps a voice command,
eye movement, or any other type ofinput physically possible) The
ADAM puts a "time stamp" on each transition (high to low or low
to high) of any switch.

This time s tamp is the moment in time to the nearest 1/20th of a
second (50ms) when the switch was asserted or de- asserted. It
co mmunic ates  this info rmatio n to the Macintos h via the ADB
proto co l, calling o ur o wn ADB Driver (sc e F igure 2). This
software is passed a switch number, a device number (since more
than one ADAM can be connec ted at a time), and a time stamp.
The driver then stores this information in a table in the Macintosh
whic h co ntains a record  of the las t ten transitio ns o f that s ame
switch. This his to ric al rec o rd  is then availab le fo r further
processing (see inset article).

It can be seen that the information communicated to the computer

Input  to F unct ional ity: "T r i gge r s "

To demonstrate the advantage of supplying input data in a raw
format, an example of what we have done in software is briefly
presented here. Figure2 shows the ADB driver supplying input
information in table form." This table contains a historical record
of the p as t ten trans it io ns  o f any given
switch. Software, which we have called
the trigger driver, then interprets the table
and maps if to specific functions (or out-
put triggers) as defined by the user. Fo r
examp le,  the func tion "s ave" maybe in-
vo ked b y " s witc h 9 held  fo r 1 second
fo llowed  b y s witc h 3 for any length o f
time" ; o r the function "esc ap e"  may be
invoked by "switch 1 actuated 3 times
within 2 seconds ". The permutations are
inf inite.

Output triggers may.also be fed back to
create subsequent output triggers. Forex-
ample, "Quit if Save is true, and switch 7
is actuated ". ( "Save ", which is an output
trigger,  participates  in creating "Quit ",
which is also an output trigger). Output
triggers are used by the active application "
and  s ystem via an " Inter- Ap plicatio n

Communic ation" (IAC) link.

may be: currently over a close b ox, currently in a dialogue box
with OK and Cancel optio ns: and currently over the menu bar.

This  means  that the trigger d river;  can c reate d ifferent output
triggers fro m the same sequence of inputs, pro viding different

state triggers are used.

Maclntosh
t

t ,
, Applicailort System �
Vt O JA B t

t ,

0 '
t ,
t State Triggers ,

t ,
t rigg e rs ,

t ,
i ,

, ,
'  - -  - -  -  -  -  - -  - - - - -  -  -  -  - - -

Apple Desktop Bus

ADAM Unit

Physical Input

Figure 2: flow information is disseminated

The thud input to the trigger driver is called a "State trigger ".
These triggers  are supplied as input to the trigger driver from
system level so ftware. State triggers  tell the trigger driver the
current context of the co mputer,  or in other words , what the
comp uter is d oing right now; Typical state trigger examp les

For example, a double -click on switch 1
may be mapped to a mouse double -click
function nat all times except when an "OK/
Cancel" dialogue box is presented, at
which time it may mean "Select Cancel"
(since adouble -click in such an instance
wouldn't make sens e). This sho ws how
intelligence is added to asingle switch,
enabling it to control the entire interface.

In fact , we are s up plying three dimen-
sions to a single switch where there used
to' be only one. The first, of course, is
whether the switch is open or closed. The
second dimension, incorporated by
Samuel Morse in 1837, is the element of

time. The third is  the idea of taking the
current context of the computer into ac-
count, and changing the meaning of the
switch accordingly.

The danger with such flexibility will be the development of user
interfaces and triggers that are too complex and confusing for the
typical user. Research is presently being conducted into optimal
use of the trigger concept to avoid this eventuality. This research
however, is beyond the scope of this paper.
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Regular/Expandcd Keyboards Single Switches

1/3 1/3

c

Other 1/3

Table 1: Input devices used by people with disabilities

has no s pecific  func tio n attached to  it . It  is  simp ly a tab le
containing raw information about past and present states of inputs.
By supp lying the co mp uter with informatio n in this  format, we
have acc omplished our original d esign ob jective.

DEVELOP MENT

Co mmunication b etween the ADAM unit  and  the c o mputer is
done via the Apple Desktop Bus (ADB). The ADB bus is a serial
bus  intend ed  for human inp ut devices. The usual devices that
connect to this bus are either the mouse or the keyboard. Up to 16
devic es, includ ing the ADAM can be daisy chained o n the ADB.
Therefore,  the ADAM can be on the same bus as ano ther ADAM
module, keyboard , mouse, graphics tab let, headmaster, or other
specialized devic e, and not interfere with the operation o f any of
them. This  is an impo rtant feature in this  market where many
different input devices exist (2).

In order to operate as an ADB device, the ADAM was assigned a
uniq ue ID and address  from Apple. T his  means that the ADAM
is not a mouse o r a keyboard, but is a unique, s eparate device.

Not only did we need to lic ense our ADB devic e with Ap ple, but
FCC ap proval was  also  required to operate a c ommercial elec-
tronic device. This meant passing the FCC Pan 15 Class B rating.
To do so required a modification of the circuit board layout and the
inc lus io n of sp ecialized filters  and  s hield ing materials . This
fulfills  the requirements of law,  and  p revents  the ADAM fro m
interfering with s urrounding electronic devic es.

EVALUAT I O N

The task of evaluating the ADAM is  to d etermine if it d oes what
we intended it to do, if the presentation of raw data to the software
increases the user's control and rate of control. This requires not
only extens ive tes ting and  feed bac k fro m us ers , b ut will f irs t
require expanding their understand ing of how a human can input
to a co mputer. This means replac ing the trad it io nal keyb oard
emulation idea with the trigger co ncept dis cus sed  in this pap er.
This will require some time because o f the d ifficulty in ad justing
to new ideas.

However, the initial performance and consumer response has been
favorable. We received a great deal ofpositive feedback when we
demonstrated the ADAM, alo ng with c omplementing software, at
the Closing the Gap c onference in Oc tober 1990. The choice of
supp orted input devices  met with ap proval,  and  the ergonomics
and es thetic s were found  to be appealing.

Also important in an evaluation of the ADAM is a comparison of

its o perating p rinc iples  with other d evices  s uc h as the T rac e
Transparent Access Module (T -TAM). The basic idea behind the
T -TAM is that it functions as a Keyboard and Mouse Emulating
Interface (3). This  means  that all inp uts are interc ep ted  and
converted to em ulate either a keyboard or a mouse. The advantage
of this scheme is that it is transparent to the system and application
software o n the computer and therefore always co mpatible.

While this  is valuab le for inp ut devices  based  on the keybo ard
metaphor, as already stated the ADAM represents an alternative to
this metap hor. Our design d oes require s oftware on the hos t
computer, but it is our belief that system incompatibilities can be
avoid ed by careful d esign and implementation.

The concept of low -level input has proven useful in other applica-
tions as well.  An example of this is a med ical experiment where
the patients activate a s witch while their brain activity is  mo ni-
tored. Sinc e the s witc h ac tuatio n is  time s tamped ins ide the
ADAM, the clinician is ab le to co rrelate the brain activity to the
exact time the patient activates the switch.

Extensive testing by users has not yet taken place. At the time this
paper was writ ten, 10 Alpha units werebeing manufactured. They
will be placed at various test sites with people of varying disabili-
ties. This will give us valuable feedback that will shape how the
software wo rks , b ut will probably no t signific antly change the
hardware d esign of the ADAM.

DISCUSS ION

The ADAM successfully gathers raw input d ata, time stamps it,
and passes it on to the Macintosh via the Apple Desktop Bus. It
is clear that this scheme is only the necessary front -end fora more
powerful software system that will allow the user to delegate what
they want the c omp uter to d o,  rather than b e manipulated  b y
adaptations to conventional input devices (4).

The ADAM is a tool which, if used correctly, will form the basis
for a computeraccess system supplying a degree of adaptation and
flexibility beyond that which is presently available. By so doing,
it will provide disabled users with increased freedom of commu-
nication, improved productivity, and enhanced q uality of life.
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ALTERNATIVE WRITING DEVICES FOR THE IN EF F IC IEN T WRITER

A i m e e J . Lu e b b e n a n d Ro b y n B. O e t h
C o m mu n i t y S e r v i c e s

B e l l e v i l l e , I l l i n o i s

ABSTRACT

Ev e n wi th ed u c a t i o na l t e c hno l o gy , t h e r e
is a s t r o n g v i s u a l  mo t o r c o m p o n e nt  i n
t h e  a v e r a g e pu b li c sc ho ol cl as s ro om.
S t u d e nt s who c a nn o t  c o p e  wi t h t h e  v i s u a l
mo t o r  a s p e c t  a r e  o f t e n cl as s i fi ed a s
ha v i ng l e a r ni ng di s ab i li t ie s whe n t h e y
a re s i mp ly ha v e "s choo l" di s ab i li t ie s
b e c a u s e t he y a re  i n e f f i c i e nt wr i t e r s .
Thi s p a p e r p r e s e nt s t h e de ci s io n ma k i ng
p ro c e s s i nc l u d i ng c r i t e r i a  f o r  j u d g m e n t
fo r  a n a l t e rn a t i v e  w r i t i n g s y s t e m  f o r a
s t u d e n t  w h o ha s di f f i cu l t y wi th t h e  f i n e
mot or c o mp o ne nt o f  t h e s t a n d a r d wr i t i ng
pro c e s s .

BACKGROUND

T h e r e  i s a  r e n e we d e mp ha s i s on t e a c hi ng
wi t h r e ga r d to v a r i o u s s t y l e s of
l e a r n i ng  a n d a n  i nc r e a s e d i nc i d e nc e of
s t u d e n t s b e i ng re f e r r e d fo r ev a l u at i o n
fo r  s u s p e c t e d  l e a r ni n g di sa b il i t i es .
F o r  v a r i o u s re a s o ns some s t u d e n t s ha v e
di f fi c ul t y i n sc hoo l r e l a t e d  t a s k s a n d
may ne v e r become p ro f i c i e n t  i n pe nci l
a nd p a p e r  t a s k s , p a r t i c u l a r l y  i n t h o s e
ac t iv i ti e s t ha t  ha v e  a  t i m e  l i mi t .
Diffic ulties may l i e  i n o n e  o r  a
co mb i na t io n o f  d i f f e r e nt  f a c t o r s
i nc l u d i ng gr a s p i n g s t a n d a r d wr i t i ng
imp le ment s s u c h  a s p e ns a n d pe nc il s ,
p l a nni ng t h e co mp le x mo t o r ac t i v i t y of
wr i t i ng, a n d p e r f o r m i n g t h e vi s ua l mot or
ac t  o f c o p y i ng from t he b o a rd .

Wi t h t e c hno l o gy e v e r y p e r s o n h a s  t h e
c h a n c e  t o i nc r e a s e p ro d u c t i v i t y ; t h i s
i nc l u d e s t he s t u d e n t  w h o ha s a
di s a b i l i t y  a s s o c i a t e d wi th sc hoo l
re l a t e d t a s k s . Commu ni ca ti on de v i c e s ,
p a r t i c u l a r l y voi ce o u t p u t co mmu ni ca t io n
s y s t e ms , ha v e  r e c e i v e d a t t e n t i o n  a n d
o u t s i d e  f u nd i n g on a  m o re re gu l a r
ba s i s . One a r e a  t h a t  i s j u s t  b e gi n n i n g
to be exp l o re d is wr i t t e n co mmu ni c a -
ti on. Ma nd a t e d  b y  P . L. 94 -142 a n d
Se ct io n 504 o f  t h e Re ha b il i ta t io n Act,
sc ho ol s mu s t p ro v i d e s t u d e n t s wi th t h e
t e c hn o l o g y  ne e d e d to be ma i ns t r e a me d
wi t h  r e gu l a r s t u d e n t s .

OBJECTIVE

With t h e  a d v e n t  o f  m o r e no t e bo o k s i ze d
c o mp u t e r s co u p l e d wi t h t he  f a l l i ng

11 . 6

p r i c e s o f  c o mp u t e r s i n ge n e r a l  a n d
d e c r e a s i ng s i ze  a nd we i ght o f  b a t t e r y
p o we re d c o mp u t e r s , i t  i s no w fe a s i b l e
fo r t ho s e s t u d e n t s wh o  ha v e di ff ic ul y
wi th t h e  f i n e mo t o r  a s p e c t  o f  w r i t i n g  t o
u t i l i ze  a n a l t e r na t i v e wr i t i ng s y s t e m.
T he o b j e c t i v e was to loc ate no t e b o o k
s t y l e c o mp u t e r s t h a t  w e i g h e d  u n d e r  f i v e
p o u nd s a n d c o s t  l e s s  t ha n $600.00 a nd
d e t e rm i n e  t h e op t i ma l  ma t c h wi th a  t h i r d

.i gr a d e s t u d e n t  w i t h l e a r ni ng
di s ab i li t ie s .

METHOD /APPROACH

Af t e r e xp e r i e n c i ng mo re  d i f fi c u l t i e s i n
t he t h i r d gr a d e  e v e n  w i t h t h e s e rv i c e s
of a  r e s o u r c e t e a c h e r  fo r s t u d e n t s with
l e a r ni ng di s ab i li t ie s , S. , a ni ne y e a r ,
s i x  mo nt h o l d gi r l , was re f e r r e d fo r  a
o c c u p a t i o na l  t h e ra p y a s s e s s m e n t  t o
e v a l u a t e  f u nc t i o na l p e r fo rma nc e . Si nc e
ma ny s c h o o l  r e l a t e d  t a s k s s t u d e n t s a re
re q u i r e d to p e r f o r m  h a v e v i s u a l  mo t o r
el e me nt s , s t a n d a r d i ze d  t e s t i n g f o r
vi s u a l p ro c e s s i ng, v i s u a l  mo t o r , a n d
f i ne mo t o r  a bi l i t i e s was c o nd u c t e d . S.
s c o r e d  a t  t h e 14 t h p e rc e nt i l e  o n t he
T e s t  o f  Vi s u a l  Mo t o r Skil ls , a n
a s s e s s m e nt o f  t h e mo t o r  a c t  o f c o p y i ng
d e s i g n s ;  a t  t h e  9 2 p e rc e nt i l e o n  t h e
Te s t o f  Vi s u a l  P e rc e p t u a l Skil ls , a
no nmo t o r v i s u a l  p r o c e s s i n g a s s e s s m e n t ;
a n d a t  t h e 14 t h p e rc e nt i l e in t h e  f i n e
mo to r s u b t e x t s o f  t h e Br u i ni nk s -
O s e re t s k y T e s t  o f  Mo t o r  P r o f i c i e nc y , a n
a s s e s s me nt  t ha t  e x a m i n e s ini t i a t i o n of
re s p o ns e , sc ho o l  t o o l  ut i l i za t i o n, a n d
ma ni p u la t i o n ski ll s . When s e p a r a t i n g
S. 's below a v e r a g e v i s u a l  mo t o r ski ll
p e r f o rma nc e i nt o t he vi s u a l p ro c e s s i ng
a n d fi ne mo to r c o mp o ne nt s , i t  i s e v i d e nt
t h a t S. was s t r o n g in vi s u a l p ro c e s s i ng
ski ll s , b u t  h e r p r i m a ry di f f i cu l t y was
i n t h e fi ne mo t o r  a r e a . Clinical
o b s e r v a t i o ns  i nc l u d e d i na d e q u a t e t r u n k
s t a b il i za ti o n, di f f i cu l t y c o nt ro l l i ng
s c ho o l  i mp l e m e nt s  r e l a t e d  t o he r me t ho d
of g r a s p a n d s t a b il i za ti o n, a n d slow
mo to r p l a nni ng. When a s k e d to co py t h e
f i r s t  t w o  wo r d s wi t h t hr e e i n c h l e t t e r s
f ro m a p o s t e r s i x f e e t  a w a y , S. ma de
fo u r e r r o r s o u t  o f  a  t o t a l of 12
c h a r a c t e r s . Whe n gi v e n a no t e bo o k
c o mp u t e r , S. cop ied b o t h wo rd s wi t ho u t
e r r o r s . Whi l e  t he re is a MS /PC DOS
c o mp u t e r s y s t e m in t he o f f i c e  fo r
a d mi n i s t r a t i v e t a s k s , t he A p p l e  II

RESNA 14 th ANNUAL CONFE RENCE • KANSAS CITY,  MO. 1991 171



ALTERNATIVE WRITING DEVICES

s e r i e s of c o m p u t e r s co mp r i s e t h e
c o m p u t e r s i n  t h e cl a ss ro oms . Bo t h
s e r i a l  a n d pa ra l le l p r i n t e r s a r e in
v a r i o u s lo c a ti o ns t h r o u g h o u t t he sc hoo l .

RES ULTS

A f t e r me e t i ng wi th sc ho o l p e r s o n n e l  a n d
family me mb e r s , t h e  d i s t r i c t  d e c i d e d to
p ro v i d e a no t e b o o k s t y l e c o mp u t e r  fo r
S. . T wo  f a c t o r s fu r t h e r  i n f l u e n c e d t h e
s e l e c t i o n  o f  t h e no t e b o o k  c o mp u t e r s :
we i g h t  a n d pr i c e . It  wa s d e t e r mi n e d
t h a t  t h e no t e b o o k c o mp u t e r  s ho u l d we i gh
no mo r e  t h a n one  - t e nt h of S. 's we i gh t  o f
50 p o u n d s , so t h e to p l i mi t  fo r a
c o m p u t e r  wa s s e t  a t  f i v e p o u n d s . T he
ce i l i ng p r i c e l e v e l  fo r de v i c e p u r c ha s e
was s e t  b y t h e d i s t r i c t : a f t e r so me
d i s c u s s i o n, t h e s c h o o l  d i s t r i c t
a l l oc a te d $600.00 f o r  t h e p u r c h a s e .
F o u r no t e b o o k c o mp u t e r s me t  t h e d u a l
c r i t e r i a  o f  w e i g h t  a n d pr i c e : t h e T a n d y
102, t h e WP-2, PC -3, a n d t h e Po rt fo li o.

T he T a n d y 102 is av a il a bl e from mo st
Rad io S ha c k o r  T a n d y s t o re s fo r
$599.00. We i ghi ng t h r e e p o u n d s , t h i s
ma c hi ne ha s a  l e n g t h of  8 . 5 i nc h e s ,
wi d t h of 12 i nc h e s , a n d a  d e p t h of 1.3
i nc he s . T he T a nd y 102 ha s a fl a t  LCD
s c re e n t h a t  d i s p l a y s 40 c h a ra c t e r s b y
e i g ht  l i n e s ; t h e b a c k g r o u n d c a n b e
a d j u s t e d  f o r b e t t e r  v i e w i n g i n v a r i o u s
l i g ht i ng . Thi s d e v i c e ha s a s t a n d a r d
s i ze d k e y b o a rd a n d  i n t e r f a c e p o r t s fo r
pa ra ll e l , se r i a l , c a s s e t t e ,  a n d b a r co d e
d e v i c e s a s we ll  a s a  b u i l t i n 3 0 0  b a u d
modem. T he RO M re s i d e nt Mi c ro s o f t
s o f t wa re  i nc l u d e s  BA S IC , a  t e l e -
co mmu ni c a t i o ns p a c k a ge , a s c he d u l i ng a n d
a d d r e s s file , a n d  a  r u d i m e n t a r y wo rd
p ro c e s s o r . Fil es d e v e l o p e d i n  t h e BASIC
o r wo rd p ro c e s s i ng mode may b e s a v e d i n
b a t t e r y b a c k e d RAM; 32K is i nc l u d e d i n
t h e p r i c e a n d me mo ry u p g r a d e s may b e
p u r c ha s e d b y  t h i r d p a r t y s o u r c e s .

T he WP -2, a n o t h e r p r o d u c t  f ro m Radio
S ha c k , is a  d e d i c a t e d wo r d p r o c e s s o r  t h a t
we i ghs 3.1 p o u nd s a n d me a s u re s 11.75
i n c he s wi de b y 8.5 i n c h e s hi g h b y o ne
i n c h d e e p . T he  LC D  s c re e n t h a t c a n
d i s p l a y 80 c h a ra c t e r s by e i gh t  l i n e s ,
a n d t h e b a c k g ro u n d c a n b e  a d j u s t e d to
i n c r e a s e  r e a d a b i l i t y  i n a n y l i g ht . At
$349.95, t h e p r i c e  i s l e s s  t h a n t h a n t h e
T a n d y 102 a n d t h e r e  a r e s o me wha t
d i f f e r e n t  f e a t u r e s . Wo rd p r o c e s s i n g a n d
te l e c o mmu ni c at i o ns are  ROM re s i d e nt ;
ho w e v e r , t h e wo rd p r o c e s o r  ha s b e e n
e n h a nc e d wi th a  t h e s a u r u s a n d sp e l l
c h e c k e r  t h a t will c h e c k  a sp e c if i c wo rd

o r  a n e n t i r e  d o c u m e n t . The s t o c k 22K
RAM c a n  b e  i n c r e a s e d  i nt e rn a l l y to 54K
o r  e x t e rn a l l y wi t h 3 2 K IC c a rd s t h a t
p l u g i nt o t he WP -2. T h e  c a s e ha s  a
s t a nd a r d  s i z e d k e y b o a r d ,  ni n e p i n RS -
232C se r i a l p o r t , a p a ra l l e l  p o r t , a
c a s s e t t e p o r t , a nd a n AC p o r t .

T he  r e t a i l p r i c e  o f  t h e La s e r  P C 3 is
$270.00, t h o u g h  i t  m a y b e  p u rc h a s e d  f r o m
Ed u c a t i o na l  Re s o u rc e s , 1550 Exe c ut i v e
Drive, El gi n,  IL 6 0 1 2 3 , 800 -624 -2926 fo r
$170.00. We i g hi ng  o ne p o u nd , ni ne
o u nc e s a n d  me a s u r i n g 1 0  i n c h e s wide, 7.6
i n c h e s hi g h, a n d 1 . 3  i nc h e s  d e e p ,  t h e
PC3 ha s  ni n e bu i l t i n ap p l i c a t i o ns
i nc l u d i ng wo rd p ro c e s s i ng, d i a ry , a d d re s s
li s t , t y p i n g t u t o r , p ho ne d i r e c t o r y ,
ca l cu l a to r , a nd s p e l l i ng c he c k e r . T he
de v ic e ha s a s t a n d a r d s i ze d k e y b o a rd ,  2 0
c h a r a c t e r  b y t wo  l i ne  f l a t  LC D s c re e n
(wi t h a d j u s t a b l e b a c k gr o u n d ) , a n d se r i a l
a n d parall e l p o r t s . Fi l e s  ma y be s a v e d
to  3 2 ki l o b y te s  o f b a t t e ry  b a c k e d  RA M.
T h e  wo rd p ro c e s s i n g p r o g r a m  i s so me wha t
pr i mit i v e with no c u t  a n d p a s t e
ca pa b il it i es .

The s m a l l e s t  a n d  mo s t  l i g h t w e i g ht  o f  t h e
fo u r , t he  A t a r i  P o r t fo l i o  me a s u r e s e i gh t
i nc he s wi d e  b y e i g h t  i n c h e s hi g h
(o p e ne d ) by 1.25 i nc he s a n d we i ghs le s s
t h a n  a  p o u n d . P r i c e d  a t $3 99 .0 0 and
a v a i l a b l e  f ro m A t a r i C o rp o ra t i o n
Po r t fo l i o  De p a r t me nt , PO Box 61657,
S u n ny v a l e , CA 94088, 800- 443 -8020, t h e
P o r t fo l i o  ha s  a  f l i p  -u p su p e r - t wi s t  LC D
s c r e e n t ha t  d i s p l a y s 40 c h a r a c t e r s b y  8
l i ne s ;  a  k e y b o a r d  m a d e of  s ma l l k e y s
t h a t  a r e d i f f i c u l t  t o  a c t i v a t e ;  a nd  a n
e xp a ns i o n p o r t  t h a t  w i t h  t h e a p p r o p r i a t e
cab le c a n i nt e r f a c e  t o  p a r a l l e l  a n d
s e r i a l  p o r t s . The p a ra l l e l  a nd se r i a l
i nt e r f a c e s a re o p t i o na l  a n d  m u s t  b e
p u r c h a s e d s e p a ra t e l y . T h e r e  a r e s ix
bu i l t i n p ro gra ms i nc l u d i ng s p re a d s h e e t ,
wo rd p ro c e s s i ng, p ho ne  / a d d re s s d i r e c t o ry ,
c a l e nd a r , a nd ca l cu l a to r . T he Por tfol io
comes wi th 12 8  k i l o b y t e s of RAM a nd
ut il i ze s RAM me mo ry c a r d s (32K, 64K, a nd
128K) to s t o r e  a d d i t i o na l wo rk .

DISCUSSION

Ea ch o f t h e  f o u r de v i c e s may b e
i nt e r f a c e d t o  a  s c h o o l p r i n t e r  t o become
a n a l t e rna t i v e wr i t i ng s y s t e m;  ho we v e r ,
o n e  o f  t he  f o u r  ma c h i n e s will b e  t h e
op t i ma l  ma t c h fo r S. In  t h e d e c i s i o n  fo r
S . ' s  a l t e r na t i v e wr i t i n g d e v i c e , t h e PC3
was el iminat ed be c a u s e o f  t h e la c k  o f
c u t  a n d p a s t e  wo rd p r o c e s s i ng
ca pa bi li t i es , a nd t he  P o r t fo l i o  b e c a u s e
o f  k e y s i ze  a nd ke y s t r i k e c h a r -
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a c t e r i s t i c s . O f  t he t wo  r e m a i n i ng
ma c hine s , t h e T a nd y 102 a n d  t h e WP -2
we re co mp a re d fo r  f e a t u r e s  a n d t he T a nd y
102 was el i mi nat e d b e c a u s e  o f  t h e hi g h e r
p r i c e ,  f e a t u r e s t h a t  w e r e no t  n e e d e d ,
a n d  f e a t u r e s  t h a t  w e r e no t  a v a il a b l e .
Fo r S. t h e 3.1 p o u nd WP -2 fro m Ra d i o
S ha c k  w a s d e t e r m i ne d  t o  ha v e t he b e s t
va l ue , a  c o mb i na t i o n o f  p r i c e a n d
wo rd p ro c e s s i ng fe a t u r e s  i nc l u d i ng c u t
a nd p a s t e ca p ab i li t ie s , sp e l l i ng
c he c k e r , a n d  t h e s a u r u s . Si nc e Radio
S h a c k  h a s  a n e d u c a t i o na l d i s c o u nt , t h e
de v i c e was p u rc ha s e d fo r  l e s s t h a n
$300.00. Whe n t he a l t e rna t i v e wr i t i ng
d e v i c e  a r r i v e s , t h e t r a i ni ng p ro c e s s ,
de v e l o p e d i n c o nj u nc t i o n with sc hoo l
p e r s o nn e l  a n d family me mb ers , will
b e gi n.
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11.7 DIR ECT  MU LTI  - SWI TCH  KE Y S ELE CTI ON

P E R  K R O G H  H A N S E N
P O I N T E R  S Y S T E M S  I N C .

1 .  A B S T R A C T
Di r e c t  M ul t i -  S w i tc h  K e y  Se l e c t i o n
( D M S K S ) i s  a  n e w  c o m p u t e r  a c c e s s
m e t h o d  f o r  t h e  d i s a b l e d  u s e r
c a p a b l e  o f  u s i n g  f i v e  o r  m o r e
s w i t c h e s .  A  f i v e  b y  f i v e  m a t r i x
c o n t a i n i n g  " k e y s "  i s  d i s p l a y e d  o n
p a r t  o f  t h e  c o m p u t e r ' s  s c r e e n . T h e
f i v e  s w i t c h e s  a r e  n u m b e r e d  o n e  t o
fi v e . T h e  u s e r  m u s t  p r e s s  t h e  r o w
n u m b e r  a n d  t h e n  t h e  c o l u m n  n u m b e r ,
in  o rd e r  to  i np u t  th e  wa n t e d " k ey  " .
V a s t  s p e e d  i m p r o v e m e n t  i s  a c h i e v e d .

2 .  B A C K G R O U N D
S w i t c h  t y p e  i n p u t  m e t h o d s  f o r
c o m p u t e r  a c c e s s  b y  t h e  d i s a b l e d
u s e r  a r e  n o t  n e w .  O n e  o r  t w o
s w i t c h e s  h a v e  b e e n  u s e d  f o r  m a n y
y e a r s  i n  c o m b i n a t i o n  w i t h  v a r i o u s
s c a n n i n g  t e c h n i q u e s .  M a n y
i m p r o v e m e n t  s c h e m e s  h a v e  b e e n
d e v e l o p e d  a n d  u t i l i z e d ,  b u t
s c a n n i n g  i s  s t i l l  v e r y  s l o w ,  w h e n
co m p a r e d  t o  a n  a b le -  b o d i ed  p e r s o n
i n p u t t i n g  f r o m  t h e  k e y b o a r d  u s i n g
a l l  t e n  f i n g e r s . M o r e  t h a n  t w o
sw i t ch e s  an d  / or  s wi t c h  t y p e
j o y s t i c k s  h a v e  b e e n  u s e d  i n
c o m b i n a t i o n  w i t h  s c a n n i n g ,  b u t  o n l y
s m a l l  s p e e d  i m p r o v e m e n t s  h a v e  b e e n
ac h i e v ed .  K e y gu a r d s  a n d  " s in g l e  -
f i n g e r "  s o f t w a r e  p r o g r a m s  h a s  b e e n
d e s i g n e d  a n d  d e v e l o p e d  i n  o r d e r  t o
h e l p  t h e  d i s a b l e d  u s e r  u t i l i z e  a
" h u n t  a n d  p e c k "  k i n d  o f  u s e  o f  t h e
k e y b o a r d  w i t h  o n e  o r  t w o  f i n g e r s .

3 .  S T A T E M E N T  O F  T H E  P R O B L E M
T h e  k e y b o a r d  o n  t h e  c o m p u t e r
c o n s t i t u t e s  a  s u b s t a n t i a l  b a r r i e r
f o r  p h y s i c a l l y  d i s a b l e d  p e r s o n s .  A
p r o b l e m  e x i s t s  t o d a y  f o r  t h e
d i s a b l e d  p e r s o n ,  w h o  c a n  s e l e c t
k e y s  f r o m  t h e  k e y b o a r d ,  b u t  s i m p l y
d o e s  n o t  h a v e  t h e  r a n g e  o f  m o t i o n
t o  u t i l i z e  t h e  w h o l e  k e y b o a r d .  T h i s
p e r s o n  c a n  u t i l i z e  m o r e  t h a n  t w o
s w i t c h e s .  T h e  s c a n n i n g  s y s t e m s  w i t h

o n e  o r  t w o  s w i t c h e s  a r e  i n  m o s t
c a s e s  p a i n f u l l y  s l o w  a n d  d o  n o t
f u l l y  u t i l i z e  t h e s e  p e o p l e ' s
a b i l i t i e s .

4 .  R A T I O N A L E
T h e  d i s a b l e d  u s e r  w h o  c a n  u s e  m o r e
t h a n  t w o  s w i t c h e s ,  b u t  s t i l l  n o t

a c c e s s  t h e  w h o l e  k e y b o a r d  t o d a y

m u s t  s e t t l e  f o r  s l o w  i n p u t  s p e e d
w h e n  u s i n g  c o m p u t e r  a c c e s s  s y s t e m s .
A  f a s t e r  m e t h o d ,  t h e  D M S K S ,  w a s
d e v e l o p e d  i n  o r d e r  t o  f a c i l i t a t e  a
f a s t e r  i n p u t  s p e e d  a n d  t h e
u t i l i z a t i o n  o f  a l l  o f  t h e s e
p e o p l e ' s  a b i l i t i e s .  T h e  i n p u t  o f
t w o  d i g i t s  f o r  e a c h  " k e y " (l e t t e r
o r  w o r d )  g i v e s  t h e  u s e r  a  f a s t e r
c o m p u t e r  a c c e s s  s y s t e m .  T h e  D M S K S
i s  a  p r e f e r a b l e  c h o i c e  f o r  t h e
d i s a b l e d  u s e r  c a p a b l e  o f  m o r e  t h a n
t w o  s w i t c h  s c a n n i n g ,  b u t  n o t
c a p a b l e  o f  f u l l  k e y b o a r d  a c c e s s .

5 .  D E S I G N
T h e  u s e r  u s e s  f i v e  s w i t c h e s
n u m b e r e d  o n e  t o  f i v e .  T h e  s w i t c h e s
a r e  p l a c e d  s o  t h a t  t h e  d i s a b l e d
u s e r  h a s  e a s y  a c c e s s  t o  t h e m  a l l .
P a r t  o f  t h e  c o m p u t e r  s c r e e n  i s
t a k e n  u p  b y  a  f i v e  b y  f i v e  k e y b o a r d
"k e y "  m a t r i x . T h e  f i r s t  m a t r i x  i s
f i l l e d  w i t h  t h e  f i r s t  2 4  l e t t e r s
an d "s p ac e ".  Ea ch  " k ey " ha s tw o
n u m b e r s ,  t h e  f i r s t  i d e n t i f y i n g  t h e
r o w  a n d  t h e  s e c o n d  i d e n t i f y i n g  t h e
c o l u m n .  I n  o r d e r  f o r  t h e  u s e r  t o
i n p u t  t h e  w a n t e d  " k e y "  i n t o  t h e
c o m p u t e r ' s  a p p l i c a t i o n  s o f t w a r e ,
t h e  u s e r  m u s t  s i m p l y  p r e s s  f i r s t
t h e  r o w  n u m b e r  b y  s e l e c t i n g  t h e
s w i t c h  w h i c h  h a s  t h e  n u m b e r  i n
w h i c h  t h e  w a n t e d  " k e y " ap p e a r s .
T h e  s o f t w a r e  i n  t h e  c o m p u t e r  t h e n
l i g h t s  u p  t h i s  r o w .  T h e  u s e r  t h e n
s e l e c t s  t h e  " k e y "  b y  s e l e c t i n g  t h e
c o r r e s p o n d i n g  c o l u m n ' s  n u m b e r e d
s w i t c h .  T h i s  " k e y "  i s  t h e n  i n p u t  t o
t h e  a p p l i c a t i o n  s o f t w a r e  r u n n i n g  i n
t h e  c o m p u t e r ,  a s  i f  t h e
c o r r e s p o n d i n g  k e y  w a s  p r e s s e d  o n
t h e  c o m p u t e r  k e y b o a r d .

T h e  u s e r  c a n  a l s o  e a s i l y  c h a n g e  t o
t h e  s e c o n d  " k e y "  m a t r i x  c o n t a i n i n g
t h e  r e m i n d e r  o f  t h e  l e t t e r s  i n  t h e
a l p h a b e t ,  t h e  n u m b e r s  a n d  s o m e
s i g n s ,  b y  s i m p l y  h o l d i n g  d o w n

s w i t c h  n u m b e r  t w o  l o n g e r  t h a n  a
p r e d e t e r m i n e d  t i m e .  T h e  t h i r d  " k e y "
m a t r i x  c o n t a i n s  a l l  t h e  s h i f t
" k e y s "  a n d  i s  a c c e s s e d  b y  t h e  u s e r
b y  h o l d i n g  d o w n  s w i t c h  n u m b e r  T h r e e
l o n g e r  t h a n  a  p r e d e t e r m i n e d  t i m e .
T h e  F o u r t h  " k e y "  m a t r i x  c o n t a i n s
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a l l  t h e  f u n c t i o n  k e y s  a n d  t h e
r e m i n d e r  o f  t h e  s i g n s  a n d  s h i f t
"k ey s " . It  i s  a cc es s ed  b y t he  u se r
b y  h o l d i n g  d o w n  s w i t c h  n u m b e r  f o u r
lo n g e r  t h a n  a  p r e d e t e r m i n e d  t i m e .
T h e  F i f t h  " k e y "  m a t r i x  c o n t a i n s  a
n u m b e r  o f  t h e  m o s t  c o m m o n  w o r d s .  I t
is  u s e d  t o  d i s p l a y  t h e  w o r d s  f o r
w o r d  p r e d i c t i o n  a f t e r  t h e  u s e r  h a s
s e l e c t e d  a  l e t t e r .  I t  i s  a c c e s s e d
b y  t h e  u s e r  b y  h o l d i n g  d o w n  s w i t c h
n u m b e r  f i v e  l o n g e r  t h a n  a
pr e d e t e r m i n e d  t i m e .

T h e  u s e r  c a n  a c c e s s  t h e  t w e n t y  f i v e
" k e y s "  d i s p l a y e d  i n  t h e  m a t r i x  o n
p a r t  o f  t h e  s c r e e n  b y  s i m p l y
p r e s s i n g  t h e  r o w  n u m b e r  a n d  t h e n
t h e  c o l u m n  n u m b e r .  I t  i s  e a s y  f o r
t h e  u s e r  t o  s h i f t  b e t w e e n  w h i c h  o f
th e fi v e "k ey "  m at r ix es  h e  / sh e
w a n t s  t o  s e l e c t  f r o m .  T h u s  t h e  u s e r
h a s  d i r e c t  s w i t c h  a c c e s s  t o  1 2 5

"keys ".

6 .  D E V E L O P M E N T
T h e  D M S K S  c o m p u t e r  a c c e s s  s y s t e m
h a s  b e e n  i m p l e m e n t e d  i n t o  a  f u l l
f l e d g e d  c o m p u t e r  a c c e s s  s o f t w a r e
p a c k a g e .  T h e  D M S K S  s o f t w a r e
i n c l u d e s  t h e  s t a n d a r d  f e a t u r e s  s u c h
a s  W o r d p r e d i c t i o n ,  L o g i c a l  l e t t e r
c o d i n g ,  a u t o m a t i c  w o r d  e n d i n g s ,
h e l p  m e n u s ,  p a r a m e t e r  o p t i o n

s e t t i n g s  e t c .

7 .  E V A L U A T I O N
E v a l u a t i o n  o f  t h e  D M S K S  s o f t w a r e
h a s  b e e n  e v a l u a t e d  f o r  c o m p u t e r
a c c e s s  o n l y .  T h i s  e v a l u a t i o n u s e d
o n l y  f i v e  s w i t c h e s  a n d  t h e r e f o r e  a
f i v e  b y  f i v e  " k e y "  m a t r i x
or g a n i za t i o n . In  o r d e r  t o  c o m p a r e
DM SK S  s of t wa re  to  si mp l e ro w  / co l um n
s c a n n i n g  c o n s i d e r  a  f i v e  b y  f i v e
" k e y "  m a t r i x ,  w h e r e  a l l  " k e y s "  a r e
b e i n g  u s e d  e q u a l l y .  F o r  s i m p l e

ro w /c ol u mn  s ca n ni ng  t hi s  m at ri x
t h e n  r e p r e s e n t s  1 2 5  t i m e  t i c k s .  T h e
DM S K S  r e p r e s e n t s 5 0  t i m e  t i c k s .
Wh i c h  s h o w s  a  2 5 0 %  s p e e d  i n c r e a s e .
E v a l u a t i o n  h a s  s h o w  t h a t  t h e  D M S K S
is  v e r y  i n t u i t i ve  f o r  t he  u s e r .
O n l y  a  s h o r t  i n t r o d u c t i o n  w a s
ne c e s sa r y . if  t h e  u s e r  h a d  u s e d  t h e
c o m p u t e r  a n d  a  c o m p u t e r  a c c e s s
s y s t e m  b e f o r e .  T h e  i n t r o d u c t i o n  w a s

si m p l y  t o  i n t r o d u c e  t h e  d i f f e r e n t
"k e y "  m a t r i x  s c r e e n  d i s p l a y s  a n d
t h e  r o w  a n d  c o l u m n  n u m b e r i n g .  I t  i s
p o s s i b l e  t h a t  t h e  D M S K S  s o f t w a r e  i s
f a s t e r  t o  u s e  f o r  a  d i s a b l e d  u s e r
th a n  t o  u s e  s i m p l e  " h u n t  a n d  p i c k "
w i t h  o n e  o r  t w o  f i n g e r s .  I t  i s

p o s s i b l e  t o  u s e  f i v e  k e y s  o n  t h e
c o m p u t e r  k e y b o a r d s  f o r  t h e  f i v e
sw i t ch e s . I t  i s  c l e a r  t h a t  u s i n g
m o r e  t h a n  f i v e  s w i t c h e s  w i l l  a l l o w
t h e  u s e r  t o  h a v e  l a r g e r  " k e y "
m a t r i x e s .  T h e  u s e r  c a n  t h e r e f o r e
a c c e s s  m o r e  " k e y s "  d i r e c t l y  w i t h o u t
s w i t c h i n g  b e t w e e n  " k e y "  m a t r i x
d i s p l a y  s c r e e n s .  A d v a n c e d  u s e r s
c o u l d  o b t a i n  e v e n  h i g h e r  s p e e d s  b y
s i m p l y  a l w a y s  l i g h t i n g  u p  t h e  f i r s t
r o w  o f  t h e  " k e y "  m a t r i x  a n d  t h e r e b y
a l l o w i n g  t h e  u s e r  t o  i n p u t  a n y  o f
t h e  " k e y s "  i n  t h e  f i r s t  r o w  b y  o n l y
o n e  s w i t c h  s e l e c t i o n .  T h i s  w a s
a c h i e v e d  b y  s i m p l y mo ni t or i ng , if  a
s e c o n d  s w i t c h  w a s  s e l e c t e d  w i t h i n  a
p r e d e t e r m i n e d  t i m e  d e l a y .

8.  D I S C U S S I O N
T h e  m u l t i  s w i t c h  i n p u t  m e t h o d ,
D M S K S ,  d e s c r i b e d  h e r e  o f f e r s  a
v a s t l y  i m p r o v e d  s p e e d  p e r f o r m a n c e
f o r  t h e  p e r s o n ,  w h o  c a n  u s e  a t
l e a s t  f i v e  s w i t c h e s .  I t  f u r t h e r
e n c o u r a g e s  t h e  u s e r  t o  u s e  a l l  f i v e
s w i t c h e s  a n d  t h e r e b y  m a k e s  s u r e
t h a t  t h e  p e r s o n s  r a n g e  o f  m o t i o n
d o e s  n o t  b e c o m e  m o r e  l i m i t e d .  T h e
u s e r  a l s o  n e e d s  t o  s t a y  a c t i v e  a t
a l l  t i m e s ,  w h i c h  w i l l  e n c o u r a g e
p a r t i c i p a t i o n .  T h e  o p e r a t i o n  o f
t h i s  s y s t e m  i s  v e r y  i n t u i t i v e  a n d
t h e  u s e r  d o e s  n o t  n e e d  m u c h
tr ai n in g , b ef o re  he  / s he  is  up  an d
ru n n in g . T h e  s y s t e m  c a n  b e  c o m p a r e d
t o  t h e  M o r s e  c o d e  i n p u t  m e t h o d .  I t

d o e s ,  h o w e v e r .  h a v e  a  m u c h  m o r e
i n t u i t i v e  e n c o d i n g  a n d  i t  a l w a y s
a p p e a r s  o n  t h e  s c r e e n  i n  f r o n t  o f
th e  u s er .

T h i s  i n p u t  m e t h o d  c a n  b e  u s e d  f o r
a u g m e n t a t i v e  c o m m u n i c a t i o n  w h e r e
s p e e c h  c o m m u n i c a t i o n  i s  n e c e s s a r y .
T h e  t e c h n i q u e  d e s c r i b e d  h e r e  c a n  b e
u s e d  t o i m p r o v e  a n y  e x i s t i n g
a u g m e n t a t i v e  a n d  c o m p u t e r  a c c e s s
s y s t e m  a l r e a d y  o n  t h e  m a r k e t .  I t
d o e s  h o w e v e r  l e n d  i t s e l f  b e s t  f o r
u s e  i n  t h e  c o m p u t e r  a c c e s s  s y s t e m s ,
s i n c e  t h e  c o m p u t e r  h a s  t h e
f l e x i b i l i t y  t o  v e r y  e a s i l y  c h a n g e
t h e  " k e y "  m a t r i x  s i z e .  I t  i s  a l s o
v e r y  e a s y  t o  p l a c e  d i f f e r e n t
l e t t e r s ,  s i g n s ,  n u m b e r s ,  w o r d s  o r
f u n c t i o n s  i n t o  t h e  d i f f e r e n t  " k e y "
in  th e  ma t ri x .

P e r  K r o q h  H a n s e n
Po i n t e r  S y s t e m s  I n c .
On e  M i l l  S t r e e t
B u r l i n g t o n .  V e r m o n t  0 5 4 0 1
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11 .8
PRELIMINARY STUDIES FOR A SIMPLE PERSONALISED COMPUTER INTERFACE
USING VOICE /SOUND RECOGNITION TO FACILITATE COMMUNICATION AND

ENVIRONMENTAL CONTROL FOR SEVERELY DISABLED DYSARTHRIC INDIVIDUALS

David A Boonzaier and Ari Limon

Rehabilitation Technology, Biomedical Engineering Department,

University of Cape Town & Groote Schuur Hospital

ABSTRACT

Thi s p roj ect in v ol v es  th e  de s ig n  a n d

development of a low -cost voice -

activated computer interface for

severely physically disabled people.
The  pr ima ry obj ect iv e o f t his  pr oje ct

is  to  d es i gn  a  s y s te m  w i t h a ut o m at i c

"translation" which will allow a
subject to use utterances (often

unintelligable to an unfamiliar

listener) to enhance communication,

and to facilitate interaction with

computer -based devices in the
environment. This sy s t e m  w o u l d  b e  o f

tre men do us ben ef it to me mbe rs of  th is

population who are capable of

producing consistently repeatable, but

non - verbal utterances. In the past

th es e pe op le h a v e  o n l y  b e e n  a b l e  t o

com mun ic ate  vi a sim ple  m anu al de vic es
such as two -state (yes /no) switches;

this has thus far severely limited
their communicative ability.

BACKGROUND

People who as a result of neurological

trauma and /or disease are paralyzed or

unable to exercise fine control of

their body, may nevertheless retain
the ability to communicate by oral

sounds. In som e cas es th e p ati en t m ay
have full articulatory control;

however, in oth er  ca se s h e or sh e m ay

only be able to produce unintelligible

sounds. It is the people in this
lat ter  gr oup  wh o a re  of  co nce rn to us

here. Their disabilities may be the
result of many conditions, e.g.,

a) cerebral palsy,

b) head injury,

c) cerebral vascular accident (CVA),

d) brain stem injury, and

e) amyotrophic lateral sclerosis

(ALS or Lou Gehrig's Disease), or
other progressive myo- neural

diseases.

Man y w ho ret ain  co mp let e i nte lle ctu al
capacity are greatly restricted in

their ability to communicate with

other people, and to exert physical

control ov er  th ei r environment. This

predic ament  rema ins a great  sour ce of
frustration for patients, and often

leads to severe depression and
withdrawal. The essential problem

posed, therefore, is how to

successfully exploit the residual
vocal ability of these patients, to

provide them with an efficient channel

for communication and environmental

control.

The pivotal fo cu s  o f the proj ect is

the development of a system for use by

cerebral palsied children, however,
results obtained may be universally

applicable to handicapped individuals

with aetiologies mentioned above.

The voice controlled computer
interf ace wi ll tak e as i nput, samples

of sounds produced by the patient, and

generate as output, messages, or
address -codes to activate devices.

Essent ially , the  inter face acts as an

interpreter: translating the sounds

produced by the patient,

unintelligible to other  hum ans, into
positive actions performed by the

computer, including communication with
others . The  syst em dif fers from other

commercially available speech
recognition systems in that it

contains only the bare minimum of
speech processing hardware and

so ft wa re  r eq ui re d t o ex ec ut e wh at  i s
essentially an extremely rudimentary

"speech" recognition task; thereby,
keeping overall cost to a minimum, and

facilitating the proliferation of such
devices.

SYSTEM DESIGN AND FEATURES

The voice processing system is

designed using a digital signal

processing (DSP) development system,

in the  form  of a  plug -in c ard f or an

IBM PC compatible computer. Such a

development system facilitates

efficient prototyping and tes ti ng of

DSP software designs. The development
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optimised speech recognition

algorithm.

once the d evel opmen t of the inter face

has been completed, using the

development system, the design of a

stand -alone device will be undertaken.

This device, possibly in the form of a
plug -in card for an IBM PC compatible

computer (o r  p e rh a ps  a p or t ab l e lap-
top PC), will contain only the

necessary hardware and software

required to implement the proposed

interface. The design of a stand -alone
device will greatly reduce the coat of

th e de v ic e a nd  o ff e rs  t h e ad va n ta ge s

of portability.

In practice the system will be
"trained" to recognize a unique set of

sounds for a partic ular s ubject . Once
the tra ini ng routine is completed, the

computer will be able to accurately

identify spok en commands, an d  a c t  o n

them. It is an ess ential requirement

of the system that it be able to

respo nd to  a s poken  comm and in re al -

time (or near real- time). If the lag -

tim e be tw ee n c om ma nd  a nd re sp on se is
too great, the communication /control

feedback loop is effectively broken,

the system would, therefore, be

ineffectual to the user . Feedback, in

the fo rm  o f graphic or  a u di o output
from the computer, must be provided to
the user, in order to acknowledge

receipt of command input, and to

verify its successful execution.

Unique utterances will provide the
user with access to a selection matrix

displayed on the host computer screen.
The user will select the desired

operation or function from the matrix.

Numerous levels of matrices may be

superimposed, providing many more
possible selections using the same
basic set of sounds. Possible

selections may include generation of

synthesized spoken (or typed)

messages, or control of devices (e.g.,

radio, television, telephone, computer
software, and other ADL tasks).

ASSESSMENT OF VOCAL ABILITY

The first stage of the project
involve s carr ying o ut a c ompreh ensive

assessment of the vocal abilities of a
range of physically disabled

individuals. The assessment of the

in the above mentioned categories,

involves, determining the number of
different sounds, that an individual

can reproduce, which are

differe ntiabl e with  respe ct to pitch,

magnitude, and other audio spectral

features; and further, establishing

whether an individual can learn to

reproduce a particular, or even
extended, se t  o f sounds (which could

act as a "vocabulary" of vocal

commands), i.e., the encour agement of

the individual to produce a machine -

recognisable metalanguage.

Articulatory assessment tests have

been performed with the help of

qualified speech therapists, on a
group of nine cerebral palsied

children. The children vary in age

from 4 to 10 years.  They have v arying

degrees of spasticity, and have no
mental retardation. Results of the

tests o n thes e chil dren i ndicat e that

they all exhibit sufficient

articulatory control to reproduce

"open mouth" (laryngeal) vowel sounds.
The more dysarthric children had

greater difficulty with sounds

requi ring lip closure. These tests
have shown that non - verbal children

ar e ca p ab le  o f reproducing a  s e t  o f

sounds (particularly vowel sounds)

that cou ld  a ct as a "vocabulary" of

audio -input commands to a computer.

CONCLUSIONS

The envisaged system will, we believe,
greatly improve the efficiency of

communication for severely disabled

individuals who retain some vocal

ability.  The sy stem has  the po tential

of providing benefit to a large number

of people with different pathologies.
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Rural Assistive Technology Services:
The Montana Adaptive Equipment Program

Roxanne Hiesterman, OTR /L
St. Peter's Community Hospital

Helena, Montana

INTRODUCTION

Providing rural assistive technology services in
Montana over the past decade has required the same
pioneering spirit and determination as that of early
settlers who established networks of trade routes,
and other links between people with common
concerns. In spite o f the challenges o f distance,
weather, limited resources and therapists,outreach
services have developed. Two - hundred and eighty
developmentally disabled clients are dispersed in
cities, isolated towns and on Indian reservations
across an expansive state of 145,392 square miles,
populated by 850,000 people. The need to provide
adaptive equipment to clients under these
circumstances has created a model of decentralized
rural technology services coordinated by a central
office and staff.

HISTORY

The Montana Adaptive Equipment Program, a
technology service delivery program, was
established to provide specialized adaptive seating
and positioning, mobility, and self -care equipment
and program consultation to multiply handicapped
developmentally disabled individuals in the state of
Montana. Since 1975, The Developmental
Disabilities Division of the state Social and
Rehabilitation Services has contracted with various
agencies to deliver these grant funded services. A
physical therapist founded and served the state-
wide program fo r f ive years. Between 1980 and
1986 the concept of contracting with outreach
therapists was ini tiated and the number of
therapists increased from 1 to 6, dispersed
throughout Montana. In 1987, our institution in
Helena became administratively responsible for the
Grant. The Program merged with the Pediatric
Neurology Service offering a state -wide referral
base and medical link.

METHODS

Evaluation of client /family equipment needs is
currently determined by 12 contracting physical
or occupational therapists throughout Montana.
Each outreach therapist is also responsible for
requisition, delivery and fitting of physician -
approved equipment. Coordination of all state -wide
outreach services takes place at a central off ice in
the Neuroscience Department of our institution by
the Clinical Outreach Coordinator. As case manager,

12.1

the coordinator reviews the need for equipment and
available funding. The Montana Adaptive Equipment
Program (MAEP) of f ice staf f conf irms
developmental disabi li ty eligibi li ty on all
referrals, preauthorize, order and bill equipment.
Other services offered to outreach therapists
include an equipment loan pool and staff
development program.

Referral to the adaptive equipment program is made
by families and local professionals with
appropria te do cumenta ti o n of cl ient 's
developmental disabili ty. The defini tion of
developmental disabi li t ies used by the
Developmental Disabilities Division varies from
the federal definition, which at the time is used
only by the agencies funded under P.L. 100 -146.
According to Montana Codes Annotated, Title 53,
Chapter 20 Part 202, Montana's definition of
developmental disabilities specif ies that:

Deve lopmenta l di sab i li t ies means
disabi li t ies att ri butab le to mental
retardation, cerebral palsy, epilepsy,
autism, or any o ther neuro logic
handicapping condition closely related to
mental retardation and requiring treatment
similar to that required by mentally
retarded individuals if the disabi li ty
originated before the person attained age
18, has continued or can be expected to
continue indef initely, and constitutes a
substantial handicap for the person.

Services are delivered by therapists primarily in
the client 's living environments to insure
appropriate and realistic recommendations for
equipment. Outreach therapists uti lize the
expertise of other professionals i.e. school
therapists, chi ld and family service providers,
Durable Medical Equipment (DME) specialist and
vendors by scheduling team visits for evaluation
and delivery of equipment. This communication
network on positioning needs and equipment service
is an effective way to reduce time and costs
expended. It eliminates excessive visits and
purchase of unnecessary and inappropriate
equipment.

To repair or replace specialized equipment, the
Montana Adaptive Equipment Program issues
purchase orders with specific instructions to the
Durable Medical Equipment specialist or local
suppliers of equipment. A DIME specialist, on
contract with the Program, routinely travels
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throughout Montana every 6 to 8 weeks. Outreach
therapists inform the central off ice of necessary
service calls which are then scheduled in a
systematic manner by geographic location.
Emergency repairs, not under warranty, are
scheduled by the vendor who is nearest in
proxi mity.

Reimbursement to outreach therapists and DME
specialist is made per client visi t with additional
compensation for indirect service time (calls and
arrangements), mileage, travel time, phone and
postage expenses. Contract employees of the
program are responsible for their own licensing
and liability fees.

Funding for services and equipment may come from
more than one source. Medicaid or private
insurance must be utilized prior to accessing the
Adaptive Equipment Grant. To insure coverage of
insurance claims, equipment is preauthorized.
According to  MAEP policy, clients or their families
are not bi lled directly f or equipment or services.

Inservice sessions for the MAEP outreach
specialists are held at the central off ice every three
months. Presentations by therapists or guest
speakers offer information on theory and
application of assistive techno logy, equipment
update, and service delivery to the multi -
handicapped client. Meetings are videotaped for the
the Program's library and are available to
therapists on request. Therapists are also
encouraged to attend one out -of -state workshop
per year. To improve the quali ty of service and
networking to clients, the Montana Adaptive
Equipment Program periodically offers educational
opportunities to other interested professionals.

The annual budget of this hospital based state wide
technology program is approximately $208,200.
Funding by the Montana Adaptive Equipment Grant
to administer the grant, pay therapists and
employees, purchase and repair equipment, is
matched by our insti tution.

SUMMARY

Through a state -wide network o f occupational and
physical therapists, coordinated by a central off ice,
assistive technology services are delivered to
clients in their home community. Montana Adaptive

Equipment Program Specialists collaborate with an
extended network of local rehabi li tat ion
professionals to assure quality, cost effective
services. In Montana, interdisciplinary
communication is essential to the eff iciency of the
Program.
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AGRICULTURAL WORKSITE ACCESSIBILITY FOR FARMERS AND
RANCHERS WITH SPINAL CORD INJURIES

Harry W. Cook, Gregory W. Schnepf and William E. Field
Breaking New Ground Resource Center
Agricultural Engineering Department

Purdue University, West Lafayette, IN U.S.A.

AB ST RACT

With support from the Paralyzed Veterans of America
Spinal Cord Research Foundation, The Breaking New
Ground Resource Center is conducting an investigation
into the needs of fanners with spinal cord injuries. Over
250 farmers have participated in the  s tudy including
over 50 who agreed to participate in an on -site worksite
needs assessment. The findings from the study will be
used to develop resource  material designed to assist
farmers  who experience spinal cord injuries to make
appropriate accommodations to their existing operation
or to evaluate alternative opportunities.

INTRODUCTION

An estimated 5000 -6000 individuals  with spinal cord
injuries reside on this country's farms and ranches.
Many of these  people  provide meaningful input to the
daily operation of farms and ranches and have demon-
strated that a spinal cord injury does not necessarily
mean the  end of a  career in agricultural production.
Through the  use  of a wide variety of ingenious , often
home -made, modifications to agricultural equipment,
tools and facilities, many essential agricultural
production- related tasks have been made accessible.
However, as with most rural residents, farmers with spi-
nal cord injuries  have yet to fully realize many of the
potential benefits of recent advances in the field of assis-
tive technology due to their isolation, lack of
comprehensive rural rehabilitation services, limited
financial resources and numerous other complex reasons.
To better unders tand the  special vocational needs of
farmers and ranchers with spinal cord injuries, the
Breaking New Ground Resources Center, with support
from the Paralyzed Veterans of America, initiated a
study entitled "Rehabilitation Technology Needs Assess-
ment of Harmers and Ranchers with Spinal Cord Inju-
ries". The study has two primary goals.

1. Develop an estimate of the number of individuals
with spinal cord injuries who live and/or work on
American farms and ranches or who are involved
in some aspect of agricultural production.
Included are attempts to determine population dis-
tribution and projected population changes.

2. Complete a comprehensive rehabilitation technol-
ogy needs assessment, with a special emphasis on
worksite accessibility, of individuals with spinal
cord injuries living in rural areas, on farms  and
ranches and involved in agricultural production.

METHODS
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The study involved over 250 spinal cord injured farmers
and ranchers  who have contacted the Breaking New
Ground Resource Center over the past 10 years. A sur-
vey ins trument was developed that was des igned to
gather information on both vocational and personal
independent living needs of the target population. The
survey was mailed to each participant with an offer of a
small gift  to those  willing to complete and return the
form. Usable surveys were received from 131 individu-
als or slightly over 50 percent of those surveyed.
Responses were received from 22 states and several
Canadian provinces.

in addition, over 50 of the farmers or ranchers agreed to
participate in on -site visits. These visits were used to
expand on the survey questions  and to document the
needs that were considered important to participants.
Each on -site visit resulted in a written case history that
included photographs documenting the nature  of the
farm operation, type of enterprises and modifications
that have been made to accommodate the farmer's disa-
bility. These on -site visits took place in 9 states.

FINDINGS

Of the 131 responders to the survey, 68 percent had
experienced paraplegia and 32 percent quadriplegia.
Over 95 percent were male and 57 percent were under
the age of 30. Nearly 13 percent were over the age of
60.
Regarding vocational activities, 24 percent considered
themselves to be full -time farm operators with another 9
percent listing the farm as their primary source of
income. Thirty -two percent listed an off -farm job as
their primary source of income and only 9 percent con-
sidered themselves as unemployed.
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Hay, corn, and range /pas ture were  the  mos t common
usage of the responders acreage with 48 percent of those
raising corn having less than 100 acres. Beef cattle were
being raised twice as often as any other livestock. The
majority of fanners  raising beef, raised less than 100
head.

Responders remain active in the day -to -day activities of
the farm/ranch with 70 percent involved with sales and
purchases, farm bus iness records, and labor manage-
ment. In 60 percent of the cases, family members were
listed as assisting in these and other fann/ranch related
tasks. The degree of assis tance needed is reflected in
Table 1 which shows the respondents' ability to do par-
ticular farm/ranch related tasks. The most difficult tasks
or those requiring assistance related to the use of
machinery and handling of lives tock. For example, 79
percent required assistance to repair heavy farm equip-
ment such as ti l lage implements and over 83 percent
needed help to load livestock onto trucks for delivery to
market.

Table  1.  Diff ic ult y of  Vari ous  Farm/Ranc h Re lat ed Ac ti vit ie s.

No Some Very Need
Diffi- Diffi- Diffi- Diffi- Help
culty cuity cult cult

Access ing farm bui ldings 10.6% 50.5% 2 2 3 % 5.3% 11.5%
Accessing fields to check 18.2 48.2 19.1 1.8 12.7

field work, crops, etc.
Accessing tractor, etc. 12.9 3 1 6 11.9 4.0 38.6
Hitching i mplements 3.3 3.3 17.8 5.6 70.0
Operati ng trac tor and 48.7 41.5 9.8

combine controls
Fuel ing and maintenance 4.2 18.7 17.7 5.2 54.2

of tractors, etc.
Routine machinery 4.2 24.2 14.7 5.3 51.6

maintenance and repair
Repairing he avy 1.1 2.2 9.8 7.6 79.3

machi nary
Welding 11.8 21.2 11.7 4.7 50.6
Couping hydr aulic lines 13.4 18.3 9.7 9.8 48.8
Making PTO connect ions 9.6 15.7 18.1 6.0 50.6
Movi ng grai n o r co nte nt. 2.8 12.7 14.1 1.4 69.0

to feed livestock
Feeding hay to stock 5.7 17.1 12.9 2.9 61.4
Loading or moving 1 3 3.8 7.7 3.8 83.4
livestock

Opening and clos ing barn 9.1 33.0 19.2 11.4 27.3
doors, gates, etc.

Cl eati ng bar ns 1.5 13.9 9.2 4.6 70.8
Milking 2.5 10.0 10.0 2.5 75.0
Mowing t he  lawn 43.8 21.3 7.9 1 2 24.8
Cleaning mi lkho use 8.3 8.3 83.4

and equi p
Attending to  the medical 3.3 11.7 5.0 5.0 75.0

needs of stock
Feeding and wate ring 15.3 6.8 10.2 8 5 59.2

young stock
Castration/docking 3.6 7.1 3.6 1.8 83.9

tails /clipping teeth
Gar dening 8.5 24.4 20.7 12.2 34.2
Maintaining the orchard 5.0 10.0 20.0 6.7 58.3
Harvesting logs or 1.6 6.3 7.9 7.9 76.3

splitting wood
Maint aining farm bl dgs. 9.5 10.7 6.0 73.8
Usi ng far t s hop to ols 21.4 35.9 14.6 8.7 19.4

These individuals were also asked about their involve-
ment in various community and personal activities.
Church and farm organizations were  the mos t often
attended activities with 65 and 50 percent, respectively.
Sports and school involvement were the activities least
involved in.

Nearly 90 percent of the farmers were licensed to drive
with 80 percent feeling very comfortable with respect to
their driving situation. Nearly one -third reported that
they used a pick -up truck as their primary means of tran-
sportation. Over 37 percent l ived more than 51 miles
from the nearest source of rehabilitation services.

Accessibility of various public facilities was looked at
with more than 75 percent of the responses indicating at
least partial accessibility. Banks and grocery/clothing
stores had the greatest level of accessibility while post
offices and libraries presented the greatest number of
barriers.

Farmers  and ranchers  were finally asked to prioritize
their goals concerning worksite accessibility. The two
most often mentioned goals were:

1. Improve overall mobility or accessibility around
farmyard, buildings, and fields.

2. Improve ability to effectively and safely use
equipment and machinery, including accessing,
operating, and maintaining equipment and hitch-
ing implements.

S U MMARY

The findings clearly demonstrate that individuals with
spinal cord injuries, especially paraplegia, are able to
continue fanning successfully. In most cases
modifications to the worksite  are needed and there  is
often a move towards an increased management role. It
is anticipated that the solutions identified to improve the
independent living skills of this population will  have
spin -off benefits for other individuals with spinal cord
injuries.
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Therese M. Willkomm
Easter Seal Society's FaRM Program

Des Moines, IA.

Abs t rac t :

This paper focuses on a Mobile Rural
Assistive Technology Unit developed and
implemented to provide onsite assistive
technology services for Iowa farm
families affected by physical
disabilities in achieving maximum
independence in performing vocational and
independent living activities.

Background:

Farming as a way of life can be very
challenging for over 37,000 Iowa farm
families affected by permanent physical
disabilities including amputations,
spinal cord injuries, back injuries,
arthritis, respiratory impairments,
neuromuscular disorders, and other
disabling conditions. During the past 4
years, the FaRM Program has provided
assistive technology services related to
agricultural worksite modifications and
independent living adaptations, to over
350 Iowa farm families. Providing
adaptive equipment or modifications in
rural areas can be very time consuming
and expensive. Many of the adaptations
are constructed by volunteers, local
machine shops, and the FaRM Program
staff. The types of
adaptations /modifications include:
modifications to tractors for farmers
with mobility restrictions; modifications
to livestock handling facilities; hand
tool adaptations; prosthetic adaptations;
adaptive independent living aids; and
modifications to the farm home and farm
buildings.

After an agricultural worksite assessment
is completed, the necessary modifications
or adaptive equipment is designed and
constructed on off farm sites throughout
the state. Many of these adaptations
were constructed several hundred miles
from where the farmer lives. The
completed modification was then brought
t o t h e fa rm fo r t h e fa rme r t o u s e . I f
the modification did not work, it was
brought back to the shop for necessary
revisions and then taken back to the
farmer. This process can take three to
six months of unnecessary time delay, not
to mention the travel costs and staff
time. In addition, this time delay has a
direct economic effect on the farmer's
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ability to return to farming. often,
farm families have little money to hire
additional help while needed adaptions
are being made. Spring planting and fall
harvest cannot wait three months.
Furthermore, due to financial
limitations, many individuals go without
or have inadequate assistive technologies
which result in secondary injuries or
injuries to family members and
co- workers.

objective:

To overcome these barriers, the Easter
Seal Society of Iowa's Farm Family
Rehabilitation Management Program (FaRM)
developed and implemented a Mobile Rural
Assistive Technology Unit that would
construct, onsite, needed assistive
technologies that enables farmers
affected by physical disabilities to
return to farming and independent living.

d
t

r� :
r

Methods:

Vehicle Selection, Modification, and
Operations:

Existing Mobile Rehabilitation
Engineering Units operated by: United
Cerebral Palsy Foundation in Witchita
Kansas, the United Cerebral Palsy
Foundation in New Jersey, and the Woodrow
Wilson Hospital in Virginia, were
contacted to obtain input and ideas in
developing a mobile unit to accommodate
the unique needs of Iowa farm families.
As a result, a proposal was submitted and
received from the Dole Foundation for the
Employment of People With Disabilities,
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to purchase a 1990 3/4 ton Chevy van with
a 350 engine. This van was modified with
a 2 foot raised roof, captain chairs for
rider comfort, and a bulk head for
safety. Tool cabinets and a workbench,
obtained from government surplus, were
mounted to th e si des and floo r of  the
van. An invertor was also installed so
that lighting and other basic hand tools
could be operated while the van was
running.

A grant received from the Rehabilitation
Services Administration, funded the van
operations costs and a rural
rehabilitation technologist to operate
the unit. Additional funding for this
unit was obtained through Casey's General
Stores, Inc. in Iowa and the Iowa Farm
Bureau.

Tools, Equipment, and Material Selection

An assortment of hand tools an d power
tools were purchased and placed inside
the van. The most frequently used power
tools included a 14" chop saw, a 100 volt
portable mig welder, a benc h and  hand
grinder, a vice, drill, circular saw, and
electric post hole digger.

Additional tools, equipment, and
materials obtained included: an

oxygen - acetelyne torch, a 2 20  v olt  a rc
welder, portable work bench, saw horses,
an assortment of fasteners and adhesives,
an d  a n assortment of round bar stock,
flat bar stock, grip strut, expanded
metal, and square steel tubing.

Ongoing Funding:

Funding for the operating costs of this
unit has been obtained through grants
from agricultural related businesses,
foundations, individual donations, and

public grants. Obtaining ongoing funding
for this unit will co nt i nu e  t o b e a
challenge due  to the uniq ue nature of
individuals served who are not covered by
wage loss insurance and whose specific
technology needs are not considered
medically necessary.

In November of 1990, the mobile unit was
expanded to include a 16' trailer to
transport larger fabrication materials &
equipment and for conducting rural
assistive technology clinics.

Results:

During the past year, a t ota l o f 2 46
rural assistive technology solutions were
developed or obtained for 102 farm
families. The total material retail
value of these technologies was $116,000
with an average cost of $450 per
solution. The mobile rural assistive
technology unit was involved in providing
approximately 508 of these solutions. Of
the solutions provided: 37% were used to

perform farm related tasks; 418 to
perform independent living tasks; 68 to
perform therapeutic exercises; and 178 to
perform personal care activities which
include mobility aids and prosthetic
devices.

The level of accommodation used in
solving a problem task included: 108
through job restructuring or alternative
techniques for accomplishing the task;
428 through obtaining a commercially
available technology; 138 through
modifications of commercially available
items; and 358 through design and
fabrication of a new assistive technology
related solution.

This unit was made possible be a grant
from The Dole Foundation for the
Employment of People With Disabilities,
and  T he U. S. Department of Education,
Rehabilitation Services
Administration -Grant #H128A91136 -89.

For more information contact:

Therese Willkomm, Director
Easter Seal Society of Iowa FaRM Program
P.O. Box 4002
Des Moines, Iowa 50333
(515) 289 -1933.
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ALTERNATIVE AGRICULTURAL ENTERPRISES FOR FARMERS
WITH PHYSICAL DISABILITIES

Lauri K. Logan, Project Coordinator, Edward J. Sheldon, Research Assistant
Breaking New Ground Resource Center
Department of Agricultural Engineering

Purdue University, West Lafayette, IN U.S.A.

INTRODUCTION

In 1989, the Departments of Agricultural Engineering
and Agricultural Economics at Purdue University began
a study entitled "Rural Job Development and Job Place-
ment for Farmers with Physical Disabilities." The three
year study is funded by the United States Department of
Education's National Institute on Disability and Reha-
bilitation Research. The project is designed to examine
problems faced by rural residents with physical disabili-
ties, and to develop a better understanding of the impact
of disabilities on rural families. This paper will deal
with the facet of the project relating to the use of alter-
native income sources on the farm by farmers with phy-
sical disabilities. The Breaking New Ground Resource
Center a t  Purdue, as  well as the  Iowa Eas ter Seals '
Farm Family Rehabilitation Management Project
(FaRM), will participate in the completion of the study.

For purposes of this study, an alternative agricultural
enterprise includes non - traditional farm enterprises or
farm diversification, as well as on -farm businesses
which provide supplemental income. The findings of
the study should help to develop the resources needed
to establish successful farm -based alternative enter-
prises and the associated assistive technology as a
viable income generating source for farmers with physi-
cal disabilities.

METHODS

An initial step of the study consisted of a mail survey
sent to approximately 1700 physically disabled farmers
on the Breaking New Ground mailing list. The survey
documented their employment experiences and efforts
to establish alternative farm -based enterprises.
Included in the survey was information regarding off -
farm employment, their farm operation, and any alter-
native enterprises which may be in use. Also, the parti-
cipants were asked to specify barriers which prevent or
hindered their ability to complete necessary job - related
tasks.

After the data from the survey has  been thoroughly
examined, a group of SO farmers with alternative on-
farm enterprises will be selected for on -site visits. Dur-
ing these visits, case histories will be developed, docu-
menting the enterprise and assistive technology used by
the operator. From the information gained from the sur-
vey and case histories, resource materials will be
developed to guide those people interested in starting
alternative enterprises, including a publication contain-

12.4

ing case histories of the farmers visited. These materi-
als will be designed to assist farmers, and rural rehabili-
tation professionals in the choice, start-up, and develop-
ment of an alternative enterprise. Also, the use of assis-
tive technology in regards to alternative enterprises will
be a major focus.

DISCUSSION

Are alternative enterprises a viable option for farmers
with physical disabilities?

Approximately fifty percent of the survey respondents
indicated an interest in starting alternative income
sources on the farm, while nearly 30 percent of the par-
ticipants reported that they currently utilize such enter-
prises. Among the more frequently named enterprises
included specialty crops and livestock, and service -
oriented businesses. When asked to rate various bar-
riers and situations which hinder participation in farm
enterprises as well as off -farm employment, the survey
participants ranked physical disability as the greatest
problem (see Table 1). These results show a need to
further examine the resource, and develop strategies to
make alternative agricultural enterprises more accessi-
ble to farmers with physical disabilities through educa-
tion and assistive technology.

Table 1. Barriers Faced In Finding Employment
(averages given)

Problem
No Minor Major

1 2 3

Inadequate transportation I I I
(IA) I• "• I I

Long distancetonearest I I I
job site (1.7) Irr +«r «+ I I

Inaccessible job sites (1.8) I + +r «r « ++ I I
Attitudesofpotential I I I

employers (1.9) Ir►rrr►rra I I
Natureofdegreeof dis-

ability (2.2) Irrraaarraairr
Person's physical limita-

tions (2.4) Irrrr«« ■ra■Ir■rr
Unfamiliar with alter- I I I

native employment I I I
option (1.9) Irrrrrrrr+ I I

Lackofadequate on -farm I I I
facilities (2.0) I ■rrrrrrr ■ ■I I

Many factors contributed to the decision of whether or
not farmers participating in the study pursued an alter-
native, on -farm enterprise. Some factors included: per-
sonal and family interests and capabilities, knowledge
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of viable alternatives, selling capacity of the
product/service, feasibility and practicality of produc-
tion, and financial capabilities.

Fanning alternatives  were shown to be quite diverse
and included such possibilities as nontraditional
crops/livestock, service, recreation or tourism enter-
prises; unconventional production systems such as
organic farming or acquaculture; and direct marketing
of products.

CASE EXAMPLES

The Breaking New Ground Outreach Program which is
the  service  delivery component of the  Breaking New
Ground Resource Center has  come into contact with
many farm families who use altemative, on -farm enter-
prises to supplement their income. A few examples are
provided.

• Louis  Smolek has a  400 -acre  grain farm near San
Pierre, Indiana. In 1978, Mr. Smolek's hand
became caught in the corn head of his combine. His
hand subsequently had to be amputated. Louis also
has a hearing impairment.

In addition to farming, Mr. Smolek has worked as a
carpenter and a mason. His shop is located on the
farm.

Louis has  made a variety of modification to hand
tools as well as farm machinery which enables him
to work independently. Some of these
modifications include a means to connect two
springs  us ing one hand, a  "handle" for his lawn
Uitrtmer, and a cup instead of a ball to operate the
hand controls on his backhoe.

• Ed Bell and his wife, Debbie, manage a 72 -acre
farm near Hagerstown, Indiana. Among other on-
farm involvements, the Bells sell freshly- picked
produce directly to local customers and through
retail outlets.

When Ed was 21 years old, he became the victim of
a gunshot wound which resulted in spinal cord level
T -1 paraplegia.

Mr. Bell's machinery has been modified to accom-
modate his disability. He has installed hand con-
trols and high -back seats with seat belts on his trac-
tors. Ed uses both a manual and motorized wheel-
chair for mobility in his house and around the farm.
Mr. Bell also has a radio, which he has with him at
all times, for communication purposes.

ADDITIONAL SOURCES OF INFORMATION

Information about alternative, on -farm enterprises is
available from a variety of resources. Some of these
resources include: agricultural universities including
the cooperative extension service, sustainable agricul-
tural associations within the state, associations related
to a specific enterprise and visiting a farmer involved in
the desired activity. In addition, the following agencies
may be of assistance:

A.T.T.R.A. (Appropriate Technology
Transfer for Rural Areas)

P.O. Box 3657
Fayetteville, AR 72702
(800) 346 -9140
Alternative Farming Systems Information Center
U.S. Dept, of Agriculture
National Agriculture Library
Beltsville, MD 20705
(301) 344 -3704

Institute for Alternative Agriculture, Inc.
9200 Edmonton Rd., Suite 117
Greenbelt, MD 20770
(301) 441 -8777

Lauri K. Logan, Project Coordinator
Purdue University
Breaking New Ground Resource Center
1146 Agricultural Engineering Bldg,
West Lafayette, IN 47907 -1146
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Guidelines for the Design of Consumer Products
to Increase their Accessibility to Persons with Disabilities

Gregg C. Vanderbeiden
Trace R &D Center

University of Wisconsin - Madison
Katherine R. Vanderheiden

Independent Consultant

Abstract
A significant portion ofour population (over thirty mil-
lion in the U.S.') has disabilities which impair their
ability to effectively or safely use standard consumer
products. This fact and the growing portion of our pop-
ulation which is elderly has focused increased attention
on the design of products to make them more acces-
sible. Initial efforts have concentrated on the topic of
accessibility of computers and operating systems.
Attention is now turning to design of consumer prod-
ucts in general.

In an effort to facilitate this process, a cooperative ef-
fort has been launched with industry to develop
"Guidelines for the Design of Consumer Products to
Increase their Accessibility to Persons with Disabilities."
An initial draft of the Design Guidelines has been
compiled and is currently undergoing review by
industry, consumers, and researchers.

Background
Beginning in 1984, joint government /industry efforts
have attempted to address the accessibility of standard
computer hardware and software by persons with dis-
abilities. One of the major results of these efforts was
the development of design guidelines for use by com-
puter manufacturers and software developers2. These
guidelines were prepared at the request of the com-
puter industries to assist them in better understanding
the accessibility problems in computer design and to
identify commercially practical strategies for making
their products more accessible. The guidelines were
developed using a co- operative industry-consumer-
researcher- government consortium in order to provide
the best information from all angles. The resulting
guidelines ( "Considerations in the Design of Computers
and Operating Systems to Increase Their Accessibility
to Persons with Disabilities ") have been used by most
major computer manufacturers in their ongoing efforts
to make their products more accessible and usable by
persons with all types and degrees of disability. The
Considerations document is a working document and as
such is continually evolving and improving.

Statement of the Problem
The Consumer Products Design Guidelines represent a
similar co- operative effort to develop guidelines for the
design of "consumer products." For the purpose of

1 Of the total U.S. noninstitutionalized population, 14.1%, or 32.5
million persons, report some activity limitation due to chronic health
conditions. From the National Health Interview Survey, 198.41985.
(L.Rlante,1988).

2 "Considerations in the Design of Computers and Operating Systems
to Increase their Accessibility to Persons with Disabilities," original
release dated April 1986, a working document of the Design
Considerations Task Force of the Industry/Government Cooperative
Initiative on Computer Accessibility. Copies available from Trace
Center, University of Wisconsin - Madison.
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these efforts, consumer products are defined as appli-
ances and other electronic and mechanical devices
available to the mass market for use in the home,
school, office, or for use by the general public in the
community. The purpose of these guidelines is to point
out problems encountered by persons with various dis-
abilities in using standard consumer products, and to
propose design alternatives which will result in in-
creased usability of standard products by persons with
disabilities.

As with the computer guidelines, the Consumer
Products Design Guidelines are designed to be purely
informational in nature, and are being developed at in-
dustry's request to facilitate their efforts in accessible
design. They represent the compilation of information
from many sources and, as a working document, are
under continual revision.

Approach
In order to facilitate use by product design teams, the
Design Guidelines are organized functionally rather
than by disability area. The functional categories are:

Output/Displays: includes all means of presenting
information to the user;

Input/Controls: includes keyboards and all other
means of communicating to the device;

Manipulations: i.e., all actions that must be directly
performed by a person in concert with the de-
vice or for routine maintenance; e.g., inserting
disk, loading tape; changing ink cartridge;

Documentation: primarily operating instructions;
and

Safety:including alarms, protection from harm.

Each guideline is phrased as an objective, followed by a
statement of the problem(s) faced by persons with dis-
abilities. The problem statement is accompanied by
more specific examples. Next, "design options and
ideas" are presented to provide some suggestions as to
how the objective could be achieved. Readers are en-
couraged to think of other ideas. Finally, additional
data and specific information is presented at the end of
each guideline.

The guidelines are stated as generically as possible.
Therefore, all, some or none of the design options and
ideas presented may apply in the case of any specific
product. The recommended approach is to'implement
those options which together go the longest way toward
achieving the objective of the guideline for the product
under design. It is understood that this is not an ideal
world, so it may currently be too expensive to
implement all those ideas which would best achieve the
objective. It is also anticipated that there will be other
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ays of meeting accessibility objectives than those
Iscussed In the Design Guidelines, and such
Iscoveries are encouraged.

Sometimes a solution to a problem for one type of dis-
ability may cause a new problem for a person with
another type of disability. For example, those with
visual impairments may be helped by replacing a visual
readout with auditory output, but this would in turn
cause a problem for those with hearing impairments.
As such situations arise, the Guidelines attempt to high-
light them and suggest ways to avoid or minimize any
potential conflicts.

The specific design options are presented under the
following 21 general design objectives:

Section 1: Output /Displays
0-1. Maximize the number of people who can

hear auditory output.

0-2. Provide redundant visual output for all
auditory information.

0-3. Ensure that visual output is in an accessible
location/orientation.

0-4. Maximize the number of people who can
see visual output.

0-5. Provide redundant audio or tactile output
for all visual information.

0-6. Maximize the number of people who can
understand visual and /or auditory output.

0-7. Avoid display screen flicker or rapid
flashing characteristics that could trigger
seizures.

Section 2: Input /Controls
I -1. Ensure that controls are physically

accessible.

I -2. Ensure that controls are easily locatable.

I -3. Ensure that labelling of controls, keys, etc.
is maximally discernable.

I -4. Ensure that the status or setting of the
control or other input device is easily
discernable.

I -5. Maximize the number of people who can
physically operate controls and other input
mechanisms.

I -6. Maximize the number of people who can
understand how to operate controls and
other input mechanisms.

I -7. Facilitate the use of special alternative
input devices.

Section 3: Manipulations
M -1. Maximize the number of individuals who

can physically insert and /or remove objects
as required in operation of a device.

M -2. Maximize the number of persons who can
physically grasp and /or open the device.

M -3. Facilitate removal and replacement, or
repositioning, of often -used detachable
parts.

M -4. Maximize the number of people who can
understand how to carry out the manipula-
tions necessary to use the product.

Section 4: Documentation
D -1. Maximize the number of people who can

access and understand the documentation.

Section 5: Sgfety
S -1. Maximize the number of people who can

perceive hazard warnings.

S -2. Guard against accidental injury to the user
due to unperceived hazards or user's lack of
motor control.

Implications and Discussion
Four different approaches to accessible design are dis-
cussed in the Guidelines. In any one product, it may be
necessary to use one or a combination of these ap-
proaches to achieve the desired level of accessibility.
These levels, in order of desirability, are:

1. Direct Accessibility

2. Accessibility via Standard Options or
Accessories

3. Compatibility with Assistive Devices

4. Facilitation of Special Modifications

Direct Accessibility:
For most types or degrees of impairment, there are
simple and low cost (or no cost) adaptations to product
designs which can significantly increase their accessibil-
ity and usefulness to individuals with functional im-
pairments. By incorporating these design modifications
into the initial product design, the standard product can
be accessible directly "out of the box."

Inclusion of these design features or approaches in the
standard product can be of substantial benefit to society
as a whole to the extent it enables these individuals to
lead more independent and productive lives. As an ad-
ditional bonus, it has often been found that designs
which are accessible to persons with disabilities may
benefit other users (without disabilities or impairments)
as well by reducing fatigue, increasing speed or de-
creasing the number of errors made.

An example. The "Mouse Keys" feature on the
Apple Macintosh- computer was built in to allow
the user to move the cursor across the screen via
the numeric keypad rather than the mouse. Indi-
viduals who do not have the motor control neces-
sary to operate a mouse can use this feature (which
is built into all Macintoshes) to access the Macin-
tosh. Because the feature is implemented as an
extension to the operating system, it costs nothing
to include as part of the product. Since "Mouse
Keys" became available, many able - bodied users
have found it desirable as well because of its capa-
bility of precise one -pixel positioning, which was
not previously available.
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Accessibility via Standard Options or Accessories:
Sometimes adaptation of the standard product to make
it directly accessible is too costly. In other cases, alter-
natives to standard design are identified, but offering all
of them would be uneconomical or perhaps not practi-
cal due to some alternatives being mutually exclusive.

When this occurs, it may be most effective to make
these adaptations or alternatives available as standard
options or accessories. These may be extra -cost, special
order items or free items available -on request.

An example. Microwave ovens are often made with
smooth control panels: that is, there are no tac-
tilely discernable buttons. This can present a
problem for visually impaired persons. Ideally, the
control panel should be designed with ridges
around each button and some type of tactile iden-
tification of button function. If this is not desir-
able, the manufacturer may make available either
a raised letter or braille overlay. These could be
available free upon request (order information
should then be prominently presented in the
product installation and operating instructions).

Compatibility With Assistive Devices:
Sometimes direct accessibility, or even the use of stan-
dard options, is impractical for the mass market pro-
ducer. This is particularly true for individuals with
severe impairments (e.g., a person with a severe physi-
cal disability may be unable to use a standard
keyboard).

There are manufacturers of " assistive devices" providing
customized or specialty items to meet the specific needs
of individuals with disabilities (e.g., a special keyboard
which can be operated by eye gaze). Unfortunately, it is
often difficult or impossible to connect the assistive
devices to standard products.

Cooperation between mass manufacturers and special
manufacturers could result in standard products which
facilitate the connection and use of assistive devices.

An example. Many persons with physical dis-
abilities cannot use standard computer keyboards.
Some of these persons would require more exten-
sive modifications than would be possible using the
first two accessibility approaches discussed. Cur-
rently, there are several specialty manufacturers
who make alternative input devices to fit persons
with a variety of severe physical disabilities. How-
ever, the manufacturers of these assistive devices
have always had problems ensuring that the de-
vices would work with standard, commercially
available computers. As part of the effort by the
computer industry to cooperate with manufac-
turers of assistive devices, Microsoft now dis-
tributes an extension to the Windows 3.0-
operating system for IBM and compatible com-
puters called "Serial Keys." This extension allows
people to connect alternative input devices to the
serial port of the standard personal computer in a
way which makes input to the serial port look like
it is coming directly from the standard keyboard
and mouse. In this fashion the user with a disabil-
ity can completely access and control the computer
and all of its software.

Facilitation ofSpecial Mod(fieations:
There may be some cases where all the other ap-
proaches to accessible design prove to be impractical or
uneconomical, most likely for persons with combina-
tions of severe disabilities or where there are relatively
few individuals with the same problem (e.g., persons
who are totally deaf and blind).

In such cases, custom modifications of the product,
either by the product manufacturer or a third party,
may be the best solution. Standard product manufac-
turers should facilitate this as much as they can (e.g.,
leaving room for special attachments or labels, docu-
menting hooks or places to link into hardware or
software, publishing information on safe or effective
ways to modify products, honoring warrantees for prod-
ucts which have been modified for accessibility but
where the modification did not result in the problem).

An example. Car makers are beginning to Include
accommodations in the design of some vehicles to
facilitate the installation of adaptations for users
with disabilities.

Conclusion
Recently, the term "Universal Design" has come Into
greater usage to represent the design of products to be
usable by all persons, both with and without functional
impairments. Universal design incorporates all of the
design principles and specifications for the full range of
human ability and limitation. In the Design Guidelines,
"Accessible Design" is used to describe that component
of universal design that focuses on design principles for
persons who, because of personal characteristics or
environmental conditions, find themselves on the low
end of some dimension of performance (e.g., seeing,
hearing, reaching, manipulating).

Accessible design is a balancing act. To begin with, it
must be acknowledged that it is unreasonable to design
everything so that it can be used by everyone (regardless
of their limitations). However, it is equally unreason-
able to rely on the existence (or development) of special
designs for each major consumer product to accommo-
date each one of the immense variety of different dis-
abilities (and combinations of disabilities). This makes
it necessary to look toward a combination of ap-
proaches, ranging from the incorporation of features
into consumer products that will make them directly
usable (i.e., "from the box ") by more persons with dis-
abilities to the inclusion of features that make them
easier to modify for accessibility. It is hoped that over
time these principles will be incorporated into the gen-
eral design principles to the extent that "Accessible
Design," "Universal Design," and "Standard Design" will
all be synonymous.
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13.2
WHO IS A REHABILITATION ENGINEER?

Lawrence H. Trachtman
Center for Rehabilitation Technology Services

South Carolina Vocational Rehabilitation Department

ABSTRACT

A survey was  mailed to the 285 members  of RESNA's
Rehabilitation Engineering Professional Specialty Group. Of
the 184 respondents, only 120 (65 %) "call or consider themselves
rehabilitationengineers ".Most have anenghweringdegree (889'0),
but few are registered Professional Engineers (24 %n). Almost
90 % of the rehabilitation engineers work in either service
delivery or research and development activities. There is a
strong correlation between job function and work setting, over
one -half work in either a university or hospital. Salaries are
concentrated between $30,000 and $50,000. Rehabilitation
engineers report being proficient in a variety of service - related
areas. However, less than one -half received any specialized
training in the past year. These results suggest less than 185
practicing rehabilitation engineers nationwide. Further,
rehabilitation engineers are possibly becoming stereotyped into
clinical, service deliveryroles with more advanced, higher - paying
career opportunities not readily available.

BA CK G RO UN D

Role confusion and rehabilitation engineers' lack of identity is
notnew (Corthell,1979; Corthell,1986; McFarland and Scadden,
1986; Tanenbaum, 1986). The Sixth Institute on Rehabilitation
Issues recommended over ten years ago that "the role of the
rehabilitation engineer should be defined". A concise but
ambiguous definition for the rehabilitation engineer is that of
"problem solver" (Foot, 1985). Rehabilitation engineers are
often asked to solve so many problems, that Childress (1984)
describes more than ten areas of intensive engineering involve-
ment.

The number of practicing rehabilitation engineers is not known.
In 1983, Shapcou and Trefler estimated between 30 and 50
rehabilitation engineers active in service delivery. While this
number is undoubtedly greater today, low funding levels for
disability - related research and training, together with a lack of
reimbursement for rehabilitation engineering skills, may be
underlying reasons for this shortage (OTA, 1983). These few
numbers might not provide rehabilitation engineers deserved
credibility. However, in a show of unity, rehabilitation engineers
recently approved a set of position statements on qualifications
and certifications for their profession (Levine, 1990).

This study's purpose is to describe the current practices of
rehabilitation engineers, and to provide needed data for addressing
issues critical to this still emerging discipline.

RESEARCH QUESTIONS

1. What is the educational background of rehabilitation engineers?
2. What areas of practice do rehabilitation engineers work in?
3. Whatis the geographic distribution of rehabilitation engineers;

4. What settings do rehabilitation engineers work in?
5. What is the salary structure for rehabilitation engineers?
6. What technology areas are rehabilitation engineers

proficient in?

ME T HO D

TheRESNA Rehabilitation Engineering Professional Specialty
Group (RE -PSG) is the only known group of people identifying
themselves as rehabilitation engineers. RESNA members can
join one PSG at no charge; there are currently 285 people in the
RE -PSG.

A draft survey instrument was developed and submitted for
approval to the RE -PSG chairman. Most of the questions were
objective, requiring only yes /no or checked responses. A few
questions called for numerical or written answers. Mailing
labels for the 285 RE-PSG members were obtained from RESNA.
A cover letter, finalized survey and self - addressed stamped
envelop were then sent to each person. They were given one
month to return their completed surveys. Respondents were
asked to remain anonymous, and there was no follow -up for
individuals who did not respond.

RESULTS

A total of 184 surveys were returned (65%). Of the 184 re-
spondents, 120 (65 %) "call or consider themselvesrehabilitation
engineers ".Of these 120 self - identified rehabilitation engineers,
106 (88 %) have an engineering degree and 29 (24 %) are reg-
istered Professional Engineers. An additional 29 individuals have
an engineering degree but do not consider themselves rehabili-
tation engineers. For the 120 rehabilitation engineers, the
breakdown by degree is 5 Associates, 22 Bachelors, 47 Masters,
and 41 Doctorates.

[Note - the following results are based on the data set of 120
persons (out of 184) who call or consider themselves rehabilitation
engineers. Possible reasons why some people join the RE -PSG
but do not consider themselves rehabilitation engineers are
included in the discussion.]

As seen in figure 1, a majority of the rehabilitation engineers
consider service delivery their primary area of work (52 %),
followed by research and development (37 %). When asked
about thew secondary responsibilities, however, more rehabilitation
engineers responded with education and training (28 %) and
management and administration (18 %). Forty percent of the
rehabilitation engineers have been practicing less than 6 years
(figure 2), and 57 % supervise less than three persons.

Figure 3 shows the geographic distribution of the rehabilitation
engineers. Based on these responses, more rehabilitation
engineering opportunities appear to be available in the midwest
with the fewest in the southeast and southwest. Respondents in
the "other" category were often from Canada, Great Britain, and
Hong Kong.

Figure 4 shows the distribution of rehabilitation engineers by
work setting. Over one -half of the rehabilitation engineers
work in either a university or hospital. (The survey question
considered hospital to be a general or rehabilitation hospital,
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and university to be a university or university affiliated hospital.)
Few are employed in industry. Considering the two primary
areas of work, there is strong correlation between setting and
job responsibility (figure 5). Many private practioners also
report doing service delivery. Salary ranges for the rehabilitation
engineers are shown in figure 6. Table 1 compares academic
degrees and average salaries.

Figure 7 shows the technology areas in which the rehabilitation
engineers consider themselves proficient (multiple selections
were allowed). The areas chosen most often include computer
access and use, environmental controls, worksite modifications,
seating and positioning, and mobility technologies. The areas
least selected are electrical stimulation and robotics. A direct
relationship exists between the rehabilitation engineers' areas
of proficiency and service delivery activities, Finally, over
one -half (53 %) of the rehabilitation engineers have received no
work - related training in the past year. RESNA courses and
workshops were mentioned most often by those who have
received training.

Service Delivery
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Development

Management/
Administration

Policy/Planning

Educationrrralning

Sales/Marketing
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Figure 1. Rehabilitation Engineers' Areas of Work

Figure 2. Rehahilitallon Engineers' Years Practicing

■ Secondary
Area

O Primary
Area

Years

El 0 -2

 3 -6

 7 -10

 11 -14

 i s .

Re g io n

 Nor th ea s t

 Mi da tl an ti c

p Southeast

 Midwest

 Southwest

p western

O Other

DISCUSSION

The question "Who is a rehabilitation engineer ?" cannot be
answered as simply as who are mechanical engineers or
electrical engineers , for example . Perhaps because
rehabilitation engineering lacks a traditional curriculum along
with an accredited degree, rehabilitation engineers have come
to identify themselves, often to their individual liking. Even
finding a group of practicing rehabilitation engineers is difficult.
Given�285�members�of� l � � rehabilitation�engineering
professional specialty group, only 185 (65 % ) may in fac t
cons ider themsel ves to  be rehabilitat ion engineers.  Others who
jo in the RE -P S G p o s s ibly have an interes t  in rehab ilitat io n
engineering, or may co ns id er themselves  b io medic al engineers
or researc h engineers because they do  no t provide direct client
servic es . It  is interes ting that  les s  than one - q uarter o f the
r e h a b i l i t a t i o n  e n g in e e r s  in  t h is  s u r v e y  a r e  r e g i s t e r e d
P ro fes s io nal Eng ineers . The majo rity o p inio n o f RE -P S G
members who s aid that a P .E.  licens e s ho uld  not be necessary
fo r rehab ilitat io n engineering cert ific atio n c ollab o rates  this
res ult  (Levine, 1990).
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Figure 4. Rehabilitation Engineers' Work Settings
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Degree Responses Average Salary

None 3
$

33,000

Associates 1 $ 30,000

Bachelors 23
$

37,600

Masters 44
$ 39,300

Doctorate 30
$ 62,500

Other 2
$

56,500

Table t. Rehabilitation Engineers' Average Salaries

Interpreting figures 1 and 2, rehabilitation engineers are possibly
becoming stereotyped into primarily service delivery or research
and development activities. This notion is supported by a
relatively inexperienced work force having few supervisory
responsibilities. (Even though the rehabilitation engineers with
advanced degrees outnumber those with Bachelors degrees 4 to
1.) While the rehabilitation engineers report education/training
and management/administration as secondary areas of work,
these more advanced career opportunities (along with policy/
planning) do not appear readily available. Taking this one step
further, most jobs for rehabilitation engineers still exist in either
hospitals or universities. Few of the rehabilitation engineers
work in residential settings, industry, or with disability service
agencies. Community -based rehabilitation engineering may
notbe occurring to a large extent, unless rehabilitation engineers
go into private practice or consulting. Salaries for rehabilitation
engineers are concentrated between $30,000 and $50,000.
However, rehabilitation engineers can expect to cam more with
a Doctorate degree, especially consulting or in research and
development activities.

Rehabilitation engineers report a diversity of proficiency areas
covering most types of assistive technologies. Areas least
selected are those typically delivered by other professional
disciplines; for example prosthetics /orthotics and adaptive
recreation. A strong correlation exists between rehabilitation
engineering service delivery and self - reported proficiencies.
Rehabilitation engineers must be learning their skills on the job
since fewer than half received any specialized training in the
past year. This should cause concern considering assistive
technologies' rapid pace of advancement.

CONCLUSION

Rehabilitation engineering is viewed primarily as a clinical/
research service profession, both by rehabilitation engineers
themselves and by rehabilitation engineering employers. Few
in number, rehabilitation engineers must unify to address critical
issues such as training and certification. In addition, the profession
must look at career paths which expand potential roles of
rehabilitation engineers including opportunities in industry,
management/administration, and community -based practices.
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An Internship  Program for the Training of Rehabilitation T echnologists

Susan E.  Fridie,  MS,  OTR
Center for Rehabilitat ion Tec hnology

Helen Hayes Hospital
West Haverstraw, NY

ABS TRACT

A training program fo r preparing rehabilitation pro fessionals
to specialize in rehabilitation tec hnology is described, The
program took the form of a four -month internship at the Helen
Hayes Ho spital Center for Rehab ilitation T echnology. F our
trainees from different professional backgrounds evaluated three
clients with severe disabilities and developed a list of
recommended equipment to suit the clients 's needs. In addition
to work with these clients,  the trainees  participated  in a variety
of other leaming activit ies. Based o n feedback from trainees
and trainers, some basic recommendations for other centers
interested in conducting training programs are offered.

BACKGROUND

Pan of the stated miss ion of the Center for Rehabilitation
Technolo gy (CRT ) at Helen Hayes Hosp ital is  to fac ilitate
training of health care providers concerning rehabilitation
technology. This report describes a project undertaken by the
CRT with funding from the Ed ucation and Training
Foundation of the Paralyzed Veterans of America, Inc.
addressing the need for trained personnel to assist disabled
consumers in choosing assistive tec hnology which enhances
their independent function.

Shortage of trained technologists
Rehabilitation technology (RT) is one of the fastest - changing
industries in existence. Most pro viders o f rehabilitation
services, with full caseloads, cannot spare the large quantities
of time required to become knowledgeable about RT, and
espec ially to stay current with the state of the art.
Consequently, RT has developed into a specialty: people with
clinical or technical backgrounds  restrict their activities to RT,
becoming what we refer to as rehabilitation technologists.

The demand for RT services is far outstripping the number of
specialists  available,  however. While there are many reasons
for this discrepancy, one of the greatest is the difficulty of
making the trans itio n from generalis t to  specialist. As things
stand, considerable resourcefulness and a great deal of time and
energy is necessary in order to become an RT specialist.
Academic programs are scarce, Continuing education offerings
abound, but while they may provide introductory material,
they can rarely offer enough detail. Further, didactic methods
cannot provide the opportunity for practical experience which
is necessary to assimilate and apply the principles and
techniques learned.

The field is so young that no agreement has yet been reached
regarding what kind of training one needs or who should
provid e it. Discussion in RT circ les of all the issues
surround ing training is increasing, but it is becoming apparent
that these issues are complex and controversial, and will not be
easily settled . In the meantime, the shortage of service
providers grows more acute.

OBJECTIVE

CRT staff felt that  while waiting for consens us on the training
and certification of specialists, some action to address the
current s hortage is approp riate. T he Rehabilitation
Technology Intem program was designed to

13.3

1) encourage a few individuals to become rehabilitation
technologists and
2) test a model for RT training, and thereby contribute some
data to the broad discussion of training issues.

The Rehabilitation Technology Internship (RTI) program
created a team of health professionals to work together in an
internship which p rovided them intensive training in the
development and application of rehabilitation tec hnology.

MET HOD

The primary training mode was supervised practice in RT
evaluation and presc ription for three multiply4s abled  pers ons.
The interns were responsible, as a group, for the evaluation
and eventual selec tion of equipment for their clients. To
accomplish this task with the severely disabled clients assigned
to them required close teamwork within the RTI team, and
extensive interaction with others inside and outside the
hospital.

The training model uses three primary educational modalities:

Mentorship - The interns worked with CRT personnel of
similar pro fessional backgrounds . This is not a
teacher/pupil relationship where one person directs the
other, but a collegial relatio nship where one professional,
because of specialized knowledge, is in a position to share
informatio n and guide another profess ional through anew
experience.

Collabo ration - The intems worked with their colleagues
on the RTI team and among the CRT staff, with other
clinicians involved in the client' s care,  and with the
client/family. Through the co llab orative proc ess,  the
interns learned from one another, learned what they have
to offer others, and engaged in group problem solving
which expanded the knowledge of all.

Experience - Through observation of and practical
experience in evaluating clients, developing appropriate
RT systems, and procuring those systems for the clients,
under the guidance of experienced mentors, the intems
learned the RT service delivery process, and learned it in
an integrated fashion that  will allo w them to apply it
appropriately to a wide range of clients in a variety of
settings.

The selection of these methods, rather than traditional
classroom methods, is based on their appropriateness for the
chosen audience. The RTI program trainees are adult
professionals, with both a wealth of previous experience and a
high level of motivation to learn as much as p ossible.
Motivated adults generally learn best in noncompetitive, self -
directed environments, where their existing competence can be
capitalized upon. Also, in the absence of established curricula
and standards for RT training, traditional techniques such as
lesson plans , tes ts, and grades have lit tle meaning. The
program, as designed, carries a powerful mechanism for
feedback to the trainees: results. Based on the success of the
team in its goal of increasing the ind ependent function of its
clients, and  comp aring this outcome with what they would
have been able to produce before the internship, the intems are
able to judge the skills  they have gained.
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Selection oflntern s
The internship p rogram was op en to all rehab ilitat ion
disc iplines.  Rec ruitment fliers were dis trib uted  through: direct
mailing to ind ivid uals, rehabilitat ion centers , and news letters
reaching health pro fessio nals; vendors  of rehabilitation
equipment; workshops and conferenc es, etc. The most
intensive recruiting was  done in the northeast, but some
coverage was achieved across the country and in Canada.

Most of the approximately 50 requests  for further information
were from peop le who were intensely interested in the
program, but many of whom were unab le to c onform to the
logis tical requirements: they could no t get a leave of abs ence
from their job s, could not manage full-t ime, or all four
months,  or the time o f year. Many mentioned that they co uld
not manage financially (the stip end of $1,000 /month is much
less than mo st pro fessio nals earn).

Of these inquirers, eleven peo ple followed through as far a
formal application and eight o f thes e were interviewed  (two
applicants  from the Midwest were interviewed by telepho ne).
Selection was  based , not on prior exp erienc e with technology,
but on personal and professional characteristics such as
co mmitment to  lifelo ng learning, willingness  to  work
cooperatively, and a high degree of self- dinectedness. The
overall quality of the applicants was excellent,  and  making the
final cho ic es was  d ifficult

The interns selected were:
1. a rehabilitat ion engineering student,  who had  almo st
completed her master's d egree in biomedical engineering
2. a s peech p athologist from a rehab ilitat io n hos pital, who
has worked p rimarily with head - injured clients
3. an oc cupational therapist  whose clinical exp erience has
been mostly with p ediatric  clients,  and
4. an oc cupational therapy assistant, with a bac kground in art,
who has worked mo stly with develo pmentally disabled ad ults.

Selection of  C lien ts
The question of how to recruit clients for the RT I interns to
work with was more difficult than it  seemed at firs t. It was
considered desirable to find clients whose disabilities would
make it d iffic ult  fo r them to achieve their func tio nal goals. It
is s uch clients who stimulate the knowledge,  creativity,  and
resourcefulness of rehabilitatio n tec hnologists.  They also
require the most cus tomized, integrated adaptive technology
systems - -the kind  that only a well functioning interdis ciplinary
team c an pro vide.

However,  suc h challenging clients require enormous amounts
of professional time in direct contact, research, fabrication and
documentation. If we recruited too widely and identified many
such peop le, thos e who  could not b e fit into the internship
program would have to b e p laced on a wait ing lis t until the
regular CRT  team co uld  s ee them. At typic al CRT c linical
loads , suc h a waiting lis t co uld b e many months, perhaps a
year,  long.

Instead, a more conservative, mostly word -of -mouth approach
was adopted. The disadvantage to this approac h was that only
one of the three c lients chos en was  identified  at the beginning
of the internship period , T he others  began later, giving the
interns less than the full four months  to work with them.

Rather than restrict the program to clients with spinal cord

variety encourages a broad, flexible approach which results in
better services for all clients.

The clients chosen were:
1. a 26- year -old man with C4 -05 quadriplegia of ten years'
duration
2, a 45-year-old woman who received a severe head injury in a
automobile accident'seven years ago, and
3. a 3. 5- year -old boy bom with spastic /athetoid cerebral palsy
and profound hearing loss.

Internship experience
The interns worked at the CRT  for 16 weeks,  full time, in
March -June of 1990. They received no salary, but did get a
stip end to help cover living exp enses. T wo lived  in hosp ital
hous ing, the other two  at  ho me.

The interns evaluated the selected clients with regard to their
need s fo r wheelc hair pos itio ning, mo bility, augmentative
communication, computer acces s and environmental controls.
Assessment of physical capabilities, trials of both commercial
and custom -built devices and control mechanisms, home visits
and consultation with family members and therapists provided
a comprehensive picture of each client's needs. Based on these
needs, activities s uch as trying out equipment, consulting with
manufacturers and vendors, obtaining loaner equipment and
designing, fab ricating, adapting,  and refining custom items
allowed the interns to compile a list  of RT recommendations
for each client.

In addit ion to the intensive work with these three clients, the
interns observed the CRT staff work with a variety of other
clients, and participated in evaluations and treatment as
appropriate. They were introduced to CRT research projects
and specialized rehabilitation services  at Helen Hayes Hospital.
They received more in -depth inservices on various categories of
rehabilitation technology devices, and the principles of
matching clients '  needs to a particular device. They also had
the opportunity to design and fabricate simple electrical devices
and to  work with numerous too ls and  materials in the
fabrication or adaptation of non - electronic adaptive equipment.
They took field trips to other rehabilitation technology
programs and attended a computer trade show and a wheelchair
seating worksho p. In addition,  several special projects were
completed, such as a chart comparing the features of a number
of major environmental control systems.

DISCUSS ION

The RTI project's planners, when designing the internship
experience, were working without clear guidelines- -there were
no established criteria for training in this area. Decisions were
therefore made on the basis of general educational theory,
personal learning styles, departmental experience with
rehabilitatio n technology service delivery, and ad ministrative
realities . Some of the original choices also had to be modified
based on changes that occurred between the time the program
was planned and the time it  was  imp lemented. F or examp le,
the original plans for the intern team had included a part-time
physiatrist An individual who was c ompleting his p hysical
medicine residency and with a background in engineering was
very interested in being part of the program. Unfortunately, he
was unable to rearrange his residency year to accommodate the
program and no other suitable candidate was available.

injury, persons from a variety of diagno stic categories were At the outs et of the training period, the members of the intern
sought. Offering the interns d ifferent patterns  of abilities  and team quickly developed an excellent rapport among
disabilities to work with was intended to produce more rounded themselves. In fact, at fast, they did everything together.
training, since it is rare for a rehab ilitation technolo gist  to Gradually, after acquiring basic knowledge in most areas, their
wo rk with o nly one typ e of c lient Also,  cop ing with such individual interests asserted themselves and they became more
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differentiated. By the end o f the four months , when exit
interviews were conducted, there were significant differences in
their reactions to several aspects of the program, such as
whether or not the educational experience should have been
more structured, how valuable the various field trips were, and
how much they enjoyed the low -tech versus high -tech adaptive
devices.

There were a number of things they agreed on,  as well: on the
plus side, they learned a lot about rehab ilitation techno logy;
they feel prepared to keep learning; their initial belief in the
need for an interdisciplinary approach to service delivery was
strengthened; the hands -on experience with the clients and the
technolo gy was the bes t part of the program. On the other
hand : there is so much more to learn- -it's  hard to keep up;
they wish they'd seen more clients; and they wish there had
been another intern whose focus was  on seating and mobility.

The p rogram wo rked  out very well for the clients. Although
the c ombination of the interns , the CRT mento rs, the client,
and the family members  made for a large, and at times
unwieldy, treatment team, there's  little doubt that being part of
the program was a benefit. The clients received high - quality
rehabilitatio n technology services in a more intensive fashion
than they wo uld otherwis e. T hey got unusual services, like
home visits and equipment lo ans. One o f the interns even
talked a salesman at a local co mputer store into lending her a
trac kball for o ne client to try with his  mouths tick. T hen she
guaranteed its return with her personal credit card number!

Recommendations
To draw firm co nclusions from one experienc e with a small
group of trainees would be premature. However, the RTI
program appears to have been a success in that the interns and
the clients all benefitted.  In the hope of enco uraging other
rehabilitation technology centers to undertake training projects
of their own, the following recommendations arc offered:

First, and most important, is the inclusion of hands -on
training. Trainees must get to actually try as much
technology as possible —not just briefly, as at an exhibition,
but sitting d own with a d evice and the instructio n manual and
actually making it work. If service d elivery is the goal, then
trainees must work directly with clients- -not just bear case

studies  or obs erve others wo rking with clients. For des igners
and fabricators, opportunities to experience the clinical
problem and devise and build a solution are essential.

Next is the efficacy o f the team ap proac h. Unles s the clients
needs are very simple, the necessity for technologists with
different subspecialties to combine their pools of knowledge
and their points of view is  ob vious. Whether the team is all
trainees, or trainees mixed with other staff, direct experience in
a func tio ning team is  es sential.

The trainers must be able to devote enough time to the
trainees. Virtually every as pect o f the RTI p rogram took more
time than we antic ipated.  In the CRT , as  in many c enters,
time is even more scarce than money.

But money is important, too. Significant financial s upp ort
would seem to b e a prerequisite for most trainees. To find a
sizeable pool of persons who are willing and able to participate
in a lengthy training pro gram with little o r no c omp ens ation,
will take extensive recruit ing. However, there may be
alternatives to  grant funding,  such as temporarily filling vacant
staff positions, or Finding employers who would compensate
their staff during training in o rder to benefit from the skills
they gain.

Thes e p oints are only the highlights. Obvious ly,  there is
more to be said, on these and other points, than can be said
here. The CRT would be happ y to s hare,  in more detail,  what
we have learned from our experiences with any and all who are
interested  in the training of rehab ilitation technologists.
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13.4 Use of a Database System for Providing Demographic

and Outcome Data in an Assistive Technology Clinic

Melissa J. Honsinger, M.A., Elaine Hoglund, M.S., and Walter C. Stolov, M.D.
Assistive Technology Clinic, Department of Rehabilitation Medicine
University of Washington
Seattle, WA

Over the past 15 years, as
technology development and its use
have increased, service providers
have been faced with the question of
how to meet their clients' needs
within their financial constraints.
The Assistive Technology Clinic
(ATC) began as a means of developing
a quality service delivery program
for di sa b le d pe rs on s with
technological needs. As described
in DeRuyter and LaFontaine (1987),
the use of a database can provide
valuable information regarding
clinical service delivery patterns
and needs. Presently, the ATC is
using a database to examine both
client demographic and technological
needs as well as provide methods to
improve the quality of the service
care delivery.

The Assistive Technology Clinic
provides evaluation and training to
persons with physical disabilities
who may require technology to reduce
the level of their disability.
Until April of 1990, persons with
physical disabilities in the Pacific
Northwest who required evaluation of
technological needs had few or
scattered resources. The Assistive
Technology Clinic has consolidated
sev er al previously ava ila ble
se pa r at e serv ices into one
convenient clinic. The Seating
C l i n i c , t h e A u g m e n t a t i v e
C o m m u n i c a t i o n s C e n t e r and
Rehabilitation Engineering combined
their talents with a physiatrist to
provide a truly comprehensive
clinic. This clinic, housed in the
Dep ar tme nt of Rehab ilita tion
Medicine, offers evaluation and
prescription for wheelchair seating,
adaptive equipment for activities of
daily livi ng, mobility and
augmentative communication needs.

The goal of the Assistive Technology
Clinic is to provide assessment of
personal technological and equipment

needs, in the home and in the
community. The team consists of a
physiatrist, occupational therapist,
ph ys i ca l th e r a p i s t , speech
pathologist, rehabilitation engineer
and nursing, social services and
prosthetics /orthotics as needed.
Evaluations are completed in the
clinic and the patients continue to
be followed in the clinic to assure
that all equipment is properly
implemented. In other instances,
patients are referred back to their
primary care physicians and allied
health personnel with full
recommendations for implementation
and follow -up.

The rapid growth of the Assistive
Technology Clinic necessitated
refining procedures to ensure timely
and accurate referral, evaluation
and delivery of client care
services. Since its inception in
April 1990, the number of active ATC
clients averages 46. Referrals come
from multiple sources in the
community as well as referrals from
the Department of Rehabilitation
Medicine inpatient and outpatient
units, and other clinics within the
Medical Center. Community referrals
have come from group homes, nursing
ho m e s , i n d e p e n d e n t li vi ng
facilities, and institutions.

This review has three main
obje ctiv es: 1) to describe
organization of program services, 2)
to describe the database currently
used to collect client information,
3) to describe preliminary
demographic data of current clients.
For organization of program
services, it is necessary to
establish and maintain an accurate
count of the clients seen by ATC.
In addition, a definition of the
clients' status is needed to
determine the level of involvement
with the ATC team. Active status
describes those ATC clients
currently seen or scheduled to be
seen by one or more members of the
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ATC team, or those ATC clients whose
case is awaiting funding or
equipment.

Another goal of our program is to
identify the length of time
necessary to initiate client
contact.and case management which
consists of an initial review of the
referral records, followed by
evaluation of functional needs or
deficits, securing approval for
funding, ordering and , developing,
or fabricating customized components
and finally, training.

The third function we chose to
develop was a method to measure the
outcome of client care service
delivery. The outcomes measured
include those services which occur
after equipment needs are evaluated,
equipment plan is approved by a
funding sour ce, rec omm end ed
equipment is delivered to client,
and a final client conference takes
place. A final panel takes place to
identify an appropriate method and
time frame for future client care.
A letter is sent to the client or
caregiver asking if the client has
further equipment needs, or
questions regarding equipment
adaptation or operation. Upon
return of the questionnaire, a
decision is made by the ATC team as
to whether fur th er client
appointments or telephone contact is

necessary.

We review here the database of all
patients seen in the Assistive
Technology Clinic beginning from
April of 1990, to January of 1991.
All of the patient assessed and
managed through the Assistive
Technology Clinic are included
included. All clients or caregivers
who contact the clinic are asked to
complete a specific intake form
which contains information about the
patient's medical, educational,
vo ca ti on al and av o ca t i on a l
background as well as an indication
of prob lems t hat ma y need  to be
addressed. Categories covered

include pain complaints, surgical
procedures, medications, specialized
equip ment, respir atory aids,
transportation and communication
needs. After receiving the intake
form the team members of the
Assistive Technology Clinic review
the intake form and deciding if any
further information is needed (e.g.,
discharge summaries from hospital
stays, surgical reports, reports
from vocational counselors, guardian
approval).

A Macintosh SE computer was used for
database storage and information
retrieval. The software chosen to
develop the database was FileMaker
II which is published by Claris
Corp. (1988) . FileMaker II is a
database publishing system that
stores, organizes and synthesizes
different kinds of data. It also
manages and arranges the information
for effective visual communication.
The information contained in the
database is both basic demographic
information as well as clinical
i n f o r m a t i o n (i . e. , cl i ni c
appointment dates, next panel date,
purpose of panel, outcome of initial
appointment, recommendations for
further referral, next follow -up
date) .

A total of 90 clients have been seen
in the ATC since April 1990. Of the
total clients seen, 48 were male and
42 were female. A review of
diagnostic categories showed 7
persons with traumatic brain injury,
28 with spinal cord injury, 37 with
cerebral palsy, 9 with mental
retardation and 9 with diagnoses of
one of the following: cerebral
vascular accident,muscular dystrophy
amyotrophic lateral sclerosis, or
multiple sclerosis.

In the age range from 0 -19 years, 2
persons were seen, 40 persons were
seen in the range from 20 -35, 33
persons seen age range 36 -50 years,
12 persons in the 51 -65 year range
and 3 persons were seen in the > 65
year range.
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Of the 90 clients seen thus far, 28
were seen for primarily seating
is s u e s , 37 for pr i m ar i l y
augmentative communication needs and
29 required intervention in both
areas.

After reviewing the information
collected to date, it becomes clear
that quality service delivery to
this population is a multi- faceted
problem. The use of a database is
making it possible for the Assistive
Technology Clinic to meet this
challenge by:

1. More accurately
describing its patient
population

2. Predict the length of
t i m e for eq u ip m en t
implementation based on
vendors and /or funding
sources

3. Examine allocation of
clinical resources for
purchase of frequently
used evaluation equipment
that needs to be kept in
stock

9. B e g i n to e x a m i n e
diagnostic - related
seating principles

5. Provide a system for
f o l l o w i n g p a t i e n t
evalua tion, equipment
p r e s c r i p t i o n a n d
measuring outcome of the
process

Future plans for the ATC include
development of standardized follow -
up letters and phone  calls at 6
months and 1 year, as we ll as  a
description of how prescribed
equipment is being utilized at those
same time intervals.

DeRuyter, F., and LaFontaine,
L.M. (1987) . The Non - speaking
Brain Injured:A Clinical and
Demographic Database Report

Augmentative and Alternative
omm,ni.a - ion, 3,18 -25.

FileMaker II (1988). Claris
Corp., Mountain View, CA.

Melissa J. Honsinger, M.A., C.C.C. -SP
Clinical Chief
Speech Pathology Services
Department of Rehabilitation Medicine
University of Washington, RJ -30
Seattle, WA 98195
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A Survey of Tennessee DRS Employees  on Ass is tive  Technology

Stan Croak, Ph.D.
Rehabilitation Engineering Program
University of Tennessee, Memphis

Memphis, Tennessee 38163
Abstract

During February and March, 1990, a survey was
conducted of all counselors and supervisors who work for
the Tennessee Division of Rehabilitation Services. (DRS).
The purpose of the survey was to gain some
understanding of how DRS counselors  are  providing
assistive technology services in Tennessee and what those
counselors and then supervisors perceive to be the most
important ass istive technology services to which they
may not have ready access The survey was developed
through the  partic ipation of all this agency's- staff
members and reviewed by administrators of DRS. The
most significant result of the survey is the length of time
that passes between the time that a counselor receives a
recommendation for a device for his or her client and the
time that the client receives the device (as much as 51/2

months for computer systems). Another significant result
is the degree of variation among regions for the length of
time required to provide devices and the variation in the
personnel involved in making decisions for clients, such
as who chooses and who ins talls  ass istive technology
devices.

Background

in an effort to learn about how its fie ld employees
(counselors and supervisors) provide assistive technology
to their clients and to determine what the field
employees perceive as the primary needs for assistive
technology in Tennessee, the  Tennessee Divis ion of
Rehabilita tion Services requested that this agency
develop and conduct an appropriate survey.

Objective

The purpose of the survey was to gain some under-
standing of how DRS counselors are providing assistive
technology services in Tennessee and what those
counselors and their supervisors perceive to be the most
important assistive technology services to which they
may not have ready access.

Approach

All of the members of the professional staff of this agency
participated in the development of the survey, submitting
questions relevant to each person's expertise (computer
access, augmentative communication, and seating and
positioning). After the staff developed and reviewed
draft copies of the survey, it was reviewed and approved
by the  local regional supervisor for DRS and by the
Director of Rehabilitation Services of Tennessee. Copies
of the survey were mailed to each of the nine regional
supervisors in the state. Each copy was identified with
the name o f the counselor or supervisor who was
expected to complete it. A short introduction stating the
purpose of the survey and brief instructions for filling out
the survey were attached to each copy. A deadline was
established for the return of the surveys. After the dead

13 . 5

line  had passed, additional copies of the survey were
mailed to each of the regional supervisors, along with a
letter of encouragement asking for complete cooperation
in filling out the surveys.

For ease  of data  entry, a  form s imilar to that of the
surveys was developed as a HyperCard stack, so that the
individual entering information from the returned copies
of the survey could "point- and - click" at the appropriate
answer. This information was transferred to a spread-
sheet program for analysis.

Results

Twenty-seven out of 33 supervisors and 129 out of 156
counselors (including business enterprise teachers as well
as rehabilitation counselors) responded to the survey.
The responses from the supervisors were used only for
comparison with counselors for the perceived need for
assistive technology services.

The counselors report that they carry an average of about
83 clients in their caseloads, though the average in each
region varies from 57 to 101. The counselors consider
about 56% of their clients to be severely disabled, with
the average in each region ranging from 45% to 72%.
Generally, the higher the percentage of severely disabled
clients in a  region, the fewer the  number of clients per
caseload.

The counselors  estimated that about 721 clients could
have benefited from using a computer over the last two
years, though only about 116 clients (16% of those who
could have benefited) received one. About 246 clients
received jobs because they could use a computer,
however. Counselors are most likely to use their clients
for information about determining the kinds of
computers  that c lients  should receive, though they
frequently use themselves, other counselors, other DRS
employees, and other individuals for information about
the selection of computer systems. Computer sales-
persons are most likely to install computer systems for
DRS clients, but other consultants  and the  c lients
themselves  are  frequently called on to perform the
installation. Generally, about 51/2 months pass from the
time a recommendation for a computer system has been
made before the system arrives.

The counselors  estimated that about 289 clients could
have benefited from some form of communication other
than speech over the  las t two years, though only 59
clients (20% of those who could have benefited) received
one. Generally, about 3 months pass from the time a
recommendation for an augmentative communication aid
has been made before the aid arrives. Counselors are
most likely to employ a speech/language pathologist to
tra in the client how to use an augmentative
communication a id, though manufacturers and other
individuals are frequently employed, also.
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Ab o ut 96% o f DRS  c lients  d o  no t us e a wheelc hair at  all. T a b le  2 .  I n te re s t  o f DRS  field  e mp lo ye e s  in  p o t en t ia l

Of th o s e that  d o ,  the mo s t c o mmo nly rep o rted  p ro b lems as s is t ive technolo gy servic es  in Tennes see

with the whe elc hairs  are  d iffic ult ie s  with trans p o rting the
wheelc hair and  p res s ure s o res . Co uns elo rs  ind ic ated  that Service Overall Overall

a b o u t 1 5 7 of t h e ir c lien ts wo u ld b e n ef it fr o m a rank for rank for
counselorswh e elc ha ir  if  c o s t  wer e  no t  a  p ro b le m,  a n d  a b o u t  1 5 0 supervisors

wo u ld  b en ef it  if  tra ns p o rt in g th e wh eelc h air we re  n o t  a in- service training for counselors 1 4

p ro b lem. Fifty -three c o unselo rs  (ab o ut 79% of the tho s e on computer literacy and

re s p o n d ing  t o  th e q u es tio n ) ind ic at ed  t ha t  th eir c l ie nt s
adaptive computer access
hardware and software

are eas ily a b le to  f ind  rep a ir s ervic es . Fifty c o uns elo rs
lending library for computers,

(39/ 0 o f th o s e  res p o n d ing  to  the  q u es tio n)  ind ic a te t hat software, and adaptive 1 4
t h e ir c lien t s a r e re q u ir e d to p a y fo r re p air s a n d equipment so that clients and
ma int e na n c e  o f t he ir wh ee lc h a ir s ,  wh ile  4 3  c o u ns e lo r s counselors can "try before they

buy"
(34%  o f  th o s e  re s p o nd ing to  the  q u es t io n ) ind ic at e t hat

training the client how to use a
DRS  p ays  f o r r ep air s  and  maintena nc e. Ab o ut 3 mo nt hs computer and software 3 1
p a s s  fr o m th e  t ime  a re c o mmen d at io n  f o r a  whe e lc h air state -wide network for linking 3has  b een mad e b efo re the wheelc hair arrives . counselors and experts on 7

subjects such as adaptive

Co u ns e lo r s  we r e  a s k ed  t o  e s tima te  h o w man y  o f  t he ir
equip ment

workplace /workstation
clients  co uld  b enefit  from o ne o r mo re o f s everal typ es  o f evaluations and  modifications 5 2
as s is t ive tec hno lo gy s ervices . T he res ults  are s ummarized to

remove

architectural barriers
in T ab le 1. to homes or places of

employment

T ab le 1.  Es t imated  numb e rs  o f c lient s  in T ennes s ee who recommendation lists for
computers and software or 5 7

co uld b enefit  fro m as s is t ive techno lo gy servic es . other adaptive equipment for
clients who cannot come to

Typ e o f tec hno lo gy Es timated  numb er o f
Memphis to be evaluated

liaison for working with client,
clients  who  c o uld b enefit counselor, and equipment 5 4

Van mo d ific atio ns 252 manufacturers, and software
vendors when problems with a

S eat ing 406 computer system arise
Au gmen ta tive 501 Microcomputer Evaluation 5 14Co mmu nic a tio n Laboratories in other parts of
Co mputer Ac ces s 608 TN

Mobili tY 775 disabled driver evaluation and
9 12

Driver Evaluat io n and 815
training

evaluations for architectural 9T raining modifications (home and/or 14
Ad ap tive d evices  fo r 841 work)

ind iv id uals  who  are mobile services, in which an 9 7
hea rin g imp air ed engineer and /or OT would

Aid s  fo r d aily living 860 travel around in a van to
perform evaluations,

Ad ap tive d evices  fo r 1,862 installations, and repairs
ind ivid uals  who  are computer access evaluations at the 9 2
vis ually imp aired client's home or place of

emp lo yment
set -up and installation of 9 7

computers and software at the
Bo th c o un s elo rs  a nd  s up er vis o r s  we re a s ked  to  ind ic ate client's home or place of
th eir le ve l o f  in te re s t  (  " h ig hly in te re s t e d , "  " s o mewha t emplo yment

interes ted , "  o r "no t interes ted  " ) in a numb er o f as s is t ive lending library for ADL aids 14 17
te c h n o lo g y s e rv ic es wh ic h mig h t b e p r o v id ed in over -the -phone help for solving 14 7
T ennes s ee in the near future.  T he res ults  are s ummarized problems with computer

in T ab le 2. systems
lending library for augmentative 16 19

communication aids
evaluations for van modifications 17 12

evaluations for advanced 17 20
workstations, including robot
arms

over- the -phone assistance in 19 17
setting up computers and
software

implementation o f van 19 14modifications

Given a s et  o f 12 c omp uter -  related  s ervic es  and  8 no n -
co mp uter related  s ervices,  sup ervis ors  s c ored eac h s ervic e
higher in imp o rtanc e than c o uns elo r s  d id . The po s itio ns
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of each service  within the rankings show general
agreement between the two groups, however. Computer -
related services as a whole ranked much higher than non -
computer related services. Of the computer - related
services, counselors felt that in- service training for DRS
staff members and a computer lending library were the
most important; supervisors perceived that client training
is most important, followed closely by computer access
evaluations  performed in the  c lient 's  home and by
evaluations for workstation and workplace modifications.
Of  t he non - computer rela ted services, counselors
determined that driver evaluation and tra ining and
workplace modifications are  most important, while the
supervisors felt that mobile services were most important,
followed closely by driver evaluation and training and by
evaluations for van modifications.

Discussion

One of the most striking observations from the results of
the survey is the length of time that passes between the
counselor obta ining a  recommendation for his  or her
client till the time that the client receives the assistive
technology device  or sys tem. For example , admin-
istrators within Tennessee Divis ion of Rehabilitation
Services became highly concerned:when they discovered
that their clients must wait an average of 51/2 months to
receive a computer system after a recommendation for
that system has been made, recognizing that employers
are unlikely to hold a job open for that length of time.
As a result, the administrators have been working with
staff members to work out methods  of decreas ing the
waiting periods, such as investigating the establishment
of a lending library of computers, software, and adaptive
devices  that can be provided to c lients  as  soon as
approval for receiving computer sys tems has been
obtained.

Another s triking observation from the results of the
survey is the varia tion between regions in a lmost a ll
aspects of service provision. The answers to almost every
question in the survey showed high degrees of variations
in the responses from each region. Of course, it is to be
expected that some regions may be stronger than others
in providing certain assistive technology services, but all
regions  should have s imilar guidelines for deta ils of
service provision such as who should train the client how
to operate an assistive technology device. Also, it would
seem that if each region has the same requirements for
paperwork, then the delay between the recommendation
and the installation of adaptive systems should be about
the same in each region.
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13.6 PRT - A MASS TRANSIT SYSTEM WITH SIGNIFICANT
BENEFITS FOR THE DISABLED AND ELDERLY

Robert Patterson
University of Minnesota
Minneapolis, MN 55455

ABSTRACT

Current or proposed mass transit systems using
busses or light rail augmented with paratransit
vehicles do not adequately meet the needs of people
with disabilities. A new type of personal rapid
transit (PRT) that uses small 2 to 4 person vehicles
on fixed guideways. It offers the possibility of on
demand 24 hour service and point to point travel
without transfers. The user would enter the desired
destination and vehicle would then travel non -stop
to the location. Lobbying for this approach could
significantly improve the long tern outlook for
urban transportation for people with disabilities and
the elderly.

BACKGROUND

Serious transportation problems exist for people
with disabilities who lack access to an automobile.
The Americans with Disabilities Act has addressed
the access issue by requiring lifts for public transit
vehicles like busses and trains. For individuals who
can not use the fixed route transit because of the
lack of ability to get to  remotely located transit
stops, deal with multiple transfers, or the lack of
service to the needed destination, paratransit
vehicles have been offered as an alternative.
Paratransit uses small busses or vans to provide
door to door service on a prearranged basis. This
relatively expensive service still has many obstacles
for people with disabilities. The following is an
example of the type of problems with paratransit
service (1).

1. service may require days in advance
scheduling.

2. the purpose for a trip may have limits (e.g.
doctor or work)

3. the operating hours are limited.

4. cumbersome registration procedure for
acceptance.

5. lengthy waiting lists.

6. geographical limitations (e. g. boarder of the
town).

7. hieher fee than reeular bus

8. limited number of rides pet month allowed.

9. may not be possible to use with able - bodied frienc

10. lengthy travel times.

Currently operating or planned mass transit systems
may offer vehicle accessibility but this does not
solve many of the transportation problems of people
with disabilities. If travelling requires many
transfers and operates only during a limited time
period, practical transportation will not be available
for people without an automobile.

STATEMENT OF PROBLEM

There needs to be mass transit systems for use by
both the disabled and able -boded that can provide
point to point service on demand, 24 hours a day
operation, and have easy access for people with
disabilities. The service should require no vehicle
transfers and be not limited to trips between or
radially out from city centers.

APPROACH

A new type of personal rapid transit (PRT) has been
developed that uses small vehicles (2 to 4 people)
running on fixed guideways requiring only 3 feet of
space. Stations con be placed near or in large
commercial or industrial buildings as well on
numerous street locations. The vehicles would be
computer controlled with easy access by people
with disabilities and available 24 hours a day. The
user would enter the vehicle with only friends or
family and give the desired destination. The vehicle
would then travel non -stop to the programmed
destination.

The station loading and unloading would be off the
main line. This allows non -stop travel to a
destination for all vehicles but most importantly for
the disabled and elderly population it permits the
frequently needed extra boarding titre. For
shopping centers, large employers, and large living
centers this could be door to door with no outside
travel. This is specially important in regions with
cold and snowy weather.
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EAPL1CATIONS

These PRT systems will allow private point to point
travel in small computer controlled vehicles without
transferring and giving "on demand" service. This
concept can revolutionize metropolitan transit for
people with disabilities. PRT will benefit everyone,
but will have a very significant impact on the lives
of people with disabilities. Problems like moving
between vehicles at transfer points and waiting for
service is a hassle for the able -boded but a much
great effort is required for many people with
disabilities and the elderly.

DISCUSSION

Adopting PRT systems could result in a change
similar to what happened with the personal
computer (PC). PCs helped everyone but provided
significant communication and educational benefits
to people with disabilities.

On April 24, 1990 the Regional Transit Authority of
Chicago announced a one year plan to evaluate PRT
systems for possible use in the Chicago area. Two
companies, TAXI 2000 in Revere, MA and
Cabintaxi in Detroit, ML have designs for PRT
system. TAXI 2000 has shown detailed designs that
cover vehicles, guideways, networks, control,
accessible stations and user safety.

Bondada and Neumann surveyed 120 transportation
professionals asking a number of questions
comparing PRT with numerous other forms of mass
transportation. In the area of comfort, convenient,
travel times and service to the handicapped and
elderly, PRT was the most preferred technology.

I believe the community of people with disabilities
and the elderly should lobby on both at the national
and local level for governments to consider PRT
systems for urban mass transit.
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1 4 , 1 Using A Social Approach in the Development of a Communication Aid
to Achieve Perceived Communicative Competence

Andrew McKinlay
The Microcomputer Centre
The University of Dundee

Dund ee DD14HN
Scotland, U.K.

ABST RACT For example, a major social psychological problem

This paper sets out a novel d istinctio n between for the communication aid user is that when others

"technical" and "social" approaches to the design of perceive the user's lack of communicative

communication aids. It then describes a competence,  they may mistakenly attribute

communicatio n s ystem called MOSCO whic h was undesirable psychological characteristics such as lack

designed in accordance with the "social" approach. of intelligenc e or low social skills (Zebrowitz, 1990).

The system is designed  to allow the us er a high level A "technical" approach to this problem would begin

of perceived communicative competence. It works by with a text generation model and work toward

using conversatio n analytic techniques to generate improvements in perc eived communicative

predictions about which phrases the user could competence. A "social" approach, on the other hand,

emplo y within the current convers atio nal context. would begin with a model of perceived

communicative competence and then work back to a

text generation model.

BACKGROUND

Traditional, "technical" approaches to communication

aid design concentrate on the difficulties associated THE P ROBLEM

with refining models for text generation,  improving On the basis of this distinction between "technical"

word output rate, extending voice characteristics and and "social" approaches, it was decided to develop a

so on. But recent years have seen a call for a broad

view o f communication in the d iscuss ion of

communicatio n aids  (Light, 1989; Zangari, Kangas  &

Lloyd, 1988). In particular,  it has b een suggested that

a future area of concern should be the social

psycho logic al concomitants to communication,

including perception of self by others (Calculator,

1988; Kraat, 1985).  This  suggests the possibility of

an alternative ap proach to communication aid design

which would take the non - speakers'  social difficulties

as a starting point: a "social"  approach.

communication sys tem - MOSCO (MOd ular S Ocial

COmmunicator) - using the "social" approach. It was

intended that the system would be specifically

designed to enhance the users perceived

communicative competence in conversation.

There are at least 3 c riteria involved in at taining, by

means of a communication aid, perceived

communicative competence within a convers ation.
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(i) The rate of verbal output should normally be

relatively high.

(ii) The output should normally be made up of

relatively s mall language units. (Typic ally,

each speaker will c ontribute only a few phrases

to a conversation befo re allowing another to

speak.)

(iii) The co ntent of eac h language unit should b e, to

a greater or lesser extent, context - dependent.

(Each co nversant 's contributions  will us ually be

determined by, or at least perceived as relevant

to, the overall conversatio nal context.)

So the goal set for MOSCO was to generate short,

vriicxi.;epc i4viS iangUSgC units m:auvcly yuicluy.

DESIGN

In operation, MOSCO allows the user to create

phrases on a word - processor device and "speak" these

via a voice synthesizer. As each phrase is generated,

the system performs a syntactic analysis upon it and

then stores its analysed form in a "conversational

diary" along with all other previously uttered phrases.

The system then searches this "diary" for a number of

suitable successor phrases.

This search is guided by a form of semantic analysis.

Employing methods derived from work in

convers ation analys is (Atkinson & Heritage,  1984;

Brown & Yule, 1983) MOSCO uses the latest input

phrase to formulate a representation of the current

conversational topic. This is then used to guide its

search through the "diary" of previously uttered

phrases. This ensures that the list of successor

phrases which MOSCO selects includes only

sentences which have been uttered within the same

conversational to pic in the past.

These successor phrases are then presented to the user

as a list, any member of which the user can "speak"

by means of a single input (keystroke, mouse button -

click, switch selection etc.) as an alternative to

creating a new phrase.

By operating at the phras e level,  MOSCO meets the

first two criteria noted above, It generates text at a

relatively high rate even though the text units may be

as small as s ingle phrases . It also meets the third

criterion: context - dependence. Because the phrases

which are offered have occurred within the same

conversational topic in the past, this guarantees that

each of the offered phrases can be perceived as relevant

to the current conversational context.

So by allowing conversational contributions which

are of the appropriate length, speed and content

matter, MOSCO represents a system which can

provide a high level of perceived communicative

competence for the user.
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EVALUATION

The system is currently being evaluated across a

variety of experimental settings. Co- conversants and

third party observers are asked to examine transcript

of tape - recordings of conversations which involved

the use of MOSCO. They are asked to provide

estimates of the communicative comp etence of the

user, based on his/her conversatio nal contribution.

These estimates are comp ared with results from a

control c ondition in whic h transc ripts of

convers ations  among normal communicato rs are

presented.

DISCUSS ION

In addition to providing a means o f achieving

perceived communicative competence, MOSCO may

prove influential in the design of other text- generation

systems. Recent work in AAC aid design

demonstrates the importance of working at the

sentence or phrase level, rather than the word level

(S y & Deller, 1989).At the same time, rec ent

find ings in c omputational linguis tic s s uggest that a

proper analysis of sentences requires that they be

considered in relation to the larger body of discourse

in which they appear (  Seuren, 1985). MOSCO

represents an early attemp t to apply this to

conversational discourse.
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ENHANCEMENTS TO THE SEMANTIC COMPACTION
PARADIGM FOR VOCABULARY ORGANIZATION

Clifford A. Kushler, Ph.D.
Prentke Romich Co., Woos ter, Ohio

ABSTRACT

The semantic compaction paradigm for vocabulary orga-
nization has been widely used in the field for a number of
years and has been clinically found to be very useful for a
wide range of clients. Three new enhancements  to the
semantic compaction paradigm are described which have
been implemented in a prototype software simulation.

BACKGROUND

The semantic compaction paradigm for vocabulary orga-
nization has become widely known in the field of AAC.
Since its introduction by Baker in 1982 [Baker Patent No.
4,661,916], it has seen widespread clinical application as
embodied in the MinspeakTM operating system software in
the Touch Talkeim, Light Talkeem and IntroTalkerTm
devices. Semantic compaction represents language using
multimeaning sequenced icons. Language items thus rep-
resented can be stored and retrieved electronically through
actuating keys or other means bearing multimeaning indicia
[Baker, 1982]. The operational features of the MinspeakTM
sys tem have remained bas ically unchanged s ince its
introduction in the Touch TalkerTM in 1984, although a
revised vers ion has been developed and will soon be
released which includes certain enhancements such as
improved editing features. Numerous clinical studies have
shown it to be a highly effective method of vocabulary
organization for a wide range of clients, from very low
functioning to very high functioning, using a variety of
selection techniques and base vocabularies [Vanderheiden
and Lloyd, 1986]. One trend which has become
predominant in recent years is the use of professionally
designed vocabulary packages, MinspeakTM Application
Programs, or MAPsTM [Bruno, 1989].

STATEMENT OF THE PROBLEM

The widespread usage of the MinspeakTM system has pro-
vided many opportunities to discover ways in which the
system might be improved. While MAPsTM have been
designed using icon sequences based on consistent
paradigms and rationales in order to be easily learned and
fluently used, it is only to be expected that the large amount
of vocabulary included in a MAPTM makes this a
considerable learning task. Another result of the  large
vocabulary included in MAPsm is the correspondingly large
amount of memory required for i ts  s torage. This  has
sometimes been seen to result in a shortage of memory for
the client's customized vocabulary. Another need (which is
by no means  unique to MinspeakTM) is  to improve the
efficiency of the selection technique used to access the
system. This is especially true for selection techniques
based on some form of scanning.

A third opportunity for improvement lies in the realm of
keystroke efficiency in text generation using MinspeakTM.
One study has shown that text generation using the Words
StrategyTM MAPTM can result in an average keystroke
savings per word of more than 60% for text samples drawn
only from words included in the MAP'sTM vocabulary
[Higginbotham, In Press] . However, MinspeakTM is
inherently a multi -modal system, in which the same keys

14.2

on the keyboard can designate either a single character (in
Spell mode) to generate words not in the vocabulary, or a
single icon, which can be sequenced to retrieve an item
stored in the vocabulary (in what is refered to as Icon mode
in this paper). This requires two extra keystrokes each time
the mode must be switched to spell a word (one to activate
Spell mode, and another to re- activate Icon mode). This
additional penal ty wa s  sho wn to reduce the  overall
keystroke efficiency from more than 60% to 37% in the
same study.

APPROACH

The enhancements to the MinspeakTM technique described in
this paper are the result of the combined experience and
ins ights of a number of people listed in the
Acknowledgements. They have been implemented as a
software simulation of a MinspeakTM -based AAC system
using a prototype keyboard which consists of an 8 x 16 key
matrix with a software controlled LED associated with each
key. Predictive scanning and automatic mode selection have
patent pending status from two separate applications.

Icon Prediction and Predictive Scanning, Regardless of an
individual 's familiarity with the principles  of semantic
compaction, or even a  knowledge of many of the com-
monly used associations for the icons used in a particular
MAPTM, the large amount of vocabulary involved requires a
significant amount of exposure and study to become "fluent"
in its use. This is only to be expected, since a MAPTM may
contain thousands  of i tems  stored under various  icon
sequences. Any guidance that could be provided in learning
a MAPTM or in recalling seldom used words in an otherwise
familiar MAPTM would be of potentially great benefit.
Virtually everyone who begins to "explore" an unfamiliar
MAPTm will try to make logical guesses  as to the  icon
sequence under which a particular target i tem might be
stored, based on the  unders tanding of the  underlying
rationale and semantic associations with each icon used in
the MAPTM. Even though the choice of an icon sequence
for an item is  based on a logical and self- cons is tent
rationale, it is by no means deterministic, since each icon is
rich in associations and a logical case may be made for more
than one choice of an icon sequence. Thus, providing
some form of guidance to supplement the user's intuition
would significantly help a person's understanding of the
underlying rationale of a MAPTM to grow with its continued
use.

Let us define a "valid" icon sequence as a non -empty se-
quence (under which an item has been stored) or a prefix
which can be continued to complete a non -empty sequence.
It was realized that an LED matrix on the front panel of a
device could be used to provide feedback regarding which
icons  were valid at each point in entering a  sequence.
Before beginning to enter a sequence, the LEDs would light
up at every location corresponding to an icon which occurs
as the first icon in at least one non -empty sequence. As
subsequent icons are selected, the LEDs would be lit only
at those locations corresponding to icons which are valid
successors of the previously selected icons. The prototype
keyboard described above was constructed so that icon
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prediction could also be used in systems using a touch panel
for direct selection.

A further and very s ignificant benefit can be gained in
applying this technique to sys tems us ing some form of
scanning as the selection technique of choice. By taking
advantage of icon prediction, it is possible to speed up the
scanning process greatly by only scanning through locations
corresponding to valid icons. With most large MAPsT"',
there is little noticeable change in scanning to choose the
first icon in a sequence, since virtually all icons are used to
begin a t leas t one sequence and are  therefore  valid.
However, the  number of locations  to be scanned when
choos ing the  second (and subsequent) icons  is  a lmos t
always drastically reduced, making it possible to scan to the
desired location in a fraction of the time that might otherwise
be required.

Automatic  Mode Selection. As was noted above, the
keystroke efficiency of the semantic compaction paradigm in
large - corpus text generation tasks can be impaired by the
need to activate designated keys to change between Spelling
and Icon modes . A method has been devised can can
virtually eliminate the need to activate designated mode -
switching keys, especially when used with a MAPTm which
has  been des igned us ing a  ra tionale  which takes into
consideration the use of this method. The method is based
on the  a ssumpti on that  the  sys tem ope rator will  not
knowingly se lect an icon which does  not form a  valid
sequence. In the context of a system which provides icon
prediction feedback as described above, this is certainly a
reasonable assumption. The system defaults to being in
Icon mode. When an icon is selected which does not form a
valid sequence, and each of the preceding icons  in the
sequence up to that point resulted from the activation of
locations which correspond to valid characters in Spelling
mode, it is assumed that the operator was in fact intending
to spell a word rather than activate an icon sequence. At that
point, each of the preceding key activations is automatically
re- interpreted (by the system) as if Spelling mode had been
active, and the corresponding characters are generated and
sent to the system display. The system switches to Spelling
mode, and remains in Spelling mode until a word delimiter
(such as the space character) is entered, at which time the
system automatically reverts to Icon mode. In this way, the
need to activate designated mode- switching keys can be
completely eliminated.

One constraint is required in order to use automatic mode
switching in a maximally effic ient manner. The MAPTM
which is used should avoid using icon sequences in which
all of the icons are located on keys which also correspond to
spelling characters, at least when the order of the icons in
the sequence corresponds to a sequence of characters which
occurs in English words. While  this may seem to be  a
limiting constraint, in fact it is not. Although the Words
StrategyTM MAPTM was designed prior to the conception and
formulation of the automatic mode switching method, it
contains only a handful of sequences (out of more than two
thousand) which would need to be revised in order to avoid
any possible conflict.

Another consideration which must be taken into account is
whether this system would make it potentially mote difficult
for the system operator to recover from an unintended key
activation, With automatic mode switching, an unintended
key activation can result in both a mode switch and the
generation of text (spelling characters from the previous icon
activations). Given that some system operators  may
produce a re la tively high number of unintentional key

activations, it would be a serious disadvantage if the user
had to both change modes and delete the generated text.
However, it is possible to design an "Undo" function key,
which allows the user to completely restore the state of thesystem prior to the unintended key activation. It is also

possible to have the Undo function serve to take care of the
situation where the system operator has  chosen to store
personalized vocabulary under a sequence which
corresponds to a valid English spelling sequence. This
could result in recalling the personalized vocabulary item
when actually trying to spell a word (thus, all of the keys
activated were "intended' , but the recall of a stored item
was not). In this  case, the  same Undo function would
delete the recalled text, and re- interpret the entire sequence
entered in Spelling mode. Thus, error recovery in the
automatic mode switching method in the same as in a static
mode method - only a single keystroke is required to com-
pletely recover from any unintended key activation.

"Dependent" Icons. This is a feature which is designed to
enhance the operation of MAPsTM such as Words StretegyTm
which include sets of closely related icons such as the
grammatical labels NOUN, NOUN PL., A +NOUN,
THE+NOUN, and THE +NOUN PL. This  enhancement
provides two benefits: it reduces the amount of memory re-
gired to store the MAP's"m vocabulary, and it simplifies
the addition of new vocabulary by the system operator
which adheres to the icon sequence selection paradigm of
the MAPTM. As an example , consider the  word "part"
which is stored under the sequence SHAKESPEARE -
NOUN. In current systems, the other possible forms
( "parts ", "a part", "the part", and "the parts ") must all be
stored under their respective sequences, requiring
additional storage space amounting to almost five times that
required for the single word "part". Furthermore, suppose
the system operator wanted to add the word "piece" to the
vocabulary. In order to be consistent with the overall
scheme of the MAPTM, it would a lso be necessary to
separately store the words "pieces ", "a piece ", etc. under
their respective sequences.

This situation can be significantly improved making desig-
nating NOUN PL. , A +NOUN, THE +NOUN, and
THE +NOUN PL. as  dependent icons, each of which
depends" on the icon NOUN. A dependent icon functions

as follows (we will take SHAKESPEARE - THE +NOUN
PL. as an example): When the dependent icon is activated,
the vocabulary data base is first searched to see if there is in
fact an item stored under that sequence. If so, it is simply
retrieved in the usual fashion. This enables the system to
handle words which may have irregular forms (e,g. mouse -
mice). If no entry is  found (as  would be the  case with
"part"), the dependent icon THE +NOUN PL. is replaced
with the  icon NOUN upon which it  depends, and the
vocabulary data base is again searched, this time coming up
with the singular fort "part " (words  are  s tored with a
following space). Each dependent icon is also associated
with a simple series of editing rules. In this case the rules
would be: type the word "the ", then insert the retrieved text
"part ", delete the final space and add the letter 's' and a
following space. It would be easy to add some conditional
editing operations to handle rule- following "exceptions"
such as copy /copies and glass/glasses, so that only truly
irregular forms such as "mice" would need to be explicitly
stored.

Now when the system operator adds the word "piece" to the
vocabulary under a sequence ending with NOUN, all of the
other corresponding forms  are available  under their
respective sequences. The same approach would work for
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the group ADJECT„ ADJECT +ER, and ADJECf. +EST
and for VERB, VERB +S, VERB +ED, VERB +ING,
VERB +EN, and TO+VERB,

IMPLICATIONS

The enhancements to the semantic compaction paradigm
described in this paper have the potential to significantly
increase its efficiency in a variety of ways across a wide
range of applications. Although not yet clinically tested in
the field, the experience of a number of different individuals
has shown a great potential for Icon Prediction to a id a
cognitively intact individual in becoming familiar with the
use of a large vocabulary MAPTm, It seems reasonable to
hope that similar benefits will be  found for individuals
functioning at lower cognitive levels, as long as they are
able to grasp the fundamental concept that icons with LEDs
that are lit lead to the production of spoken output, while
unlit icons do not.

Predictive scanning has already been seen to result in greatly
reduced average access times required to recall

a

completed
icon sequence. As mentioned above, there is generally only
a negligible improvement in selecting the first icon of a
sequence, but a very large improvement when selecting
subsequent icons from the greatly reduced set of icons
which are valid in the context of the sequence being entered.
Various forms of scanning ate among the most widely used
selection techniques due to their adaptability for persons
with very limited motor skills. This promises to provide a
significant increase in access speed for a large segment of
the population.

Automatic mode switching also has yet to undergo clinical
field trials, but again the  experience of a  number of
cognitively intact individuals has shown that there is no
inherent difficulty in doing away with the Spell Modelicon
Mode keys. With only a  short exposure , the  automatic
mode switching is neither distracting nor disconcerting, but
can be used quite naturally and smoothly. The potential
increase in keys troke effic iency for large corpus  text
generation has been noted above.

DIS C US S IO N

The automatic mode switching described above could be
further enhanced by including word prediction as a mode
which would also be  s imultaneously active with both
Spelling mode and Icon mode (as long as the icons which
have been activated also correspond to valid spelling
characters). This  would only require that

a

number of
dedicated keys be included on the system keyboard to be
used in selecting candidate words from the word prediction
window. A further advantage of such a system could be
gleaned from the fact that common words that are easily
retrieved from known icon sequences could be eliminated
from the word prediction system, allowing it to display
only relatively unusual words and rendering a larger and
more varied vocabulary more easily accessible.

Predictive scanning can also be easily adapted to enable the
simultaneous use of automatic mode switching. This could
be achieved by firs t scanning a  selected row only for
currently valid icons (while  s til l in Icon mode). If no
selection is made, the row would be scanned again, this
time scanning both valid icons and locations with spelling
characters. This would yield all the benefits of Predictive
scanning, while imposing only a minor time penalty when
automatically switching modes.

Other investigations are also being carried out to determine
whether icon prediction may also be used to increase the
efficiency of direct selection techniques (such as optical
headpointing) by temporarily expanding the apparent size of
isolated valid targets with no immediately neighboring valid
icons.
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14.3 The Design of a Device Independent Screen Class for
Augmentative Communication Software

Patrick Demasco, J. Eugene Ball, John Dunaway, William Bradley
Applied Science and Engineering Laboratories

University of Delaware /Alfred I. duPont Institute
Wilmington, Delaware USA

Statement of the Problem
Abstract

The development of computer -based Augmentative
Communication systems can be facilitated by the use
of an AAC software toolkit. We have worked towards
that goal by the development of a C ++ based software
library called LASO. In this paper we discuss the de-
sign of the software component that implements a
graphics display interface and present a design that is
portable across different hardware platforms. In addi-
tion, we discuss a specific implementation that pro-
vides an interface to the X Window environment and
to the Curses screen interface library.

Background

The evolution of microprocessor technology has pro-
vided the AAC developer with opportunities to create
increasingly sophisticated systems. Functions such as
rate enhancement (e.g., word prediction) and dynamic
presentation of symbol -based vocabulary sets are now
possible because AAC hardware can support the re-
quired processing speeds and memory requirements.
With this increasing software sophistication (and
complexity) comes an added burden to the software
developer. The goal of the Software Architecture
project currently underway at Applied Science and
Engineering Laboratories (ASEL) is to investigate
methods to facilitate more expedient development of
complex AAC software systems. Our approach has
been to design and develop an AAC software compo-
nent library that could be used by other system devel-
opers (Demasco, Ball, and Kerly, 1989). This work
is an extension of earlier efforts by Hugh MacMillan
Rehabilitation Center in the area of computer access
(McDougal, Knysh, Devkumar, Shein, and Lee,
1988).

LASO, which stands for Library of Adaptable Soft-
ware Objects, is a software under development at
ASEL (Demasco, Ball, and Kerly,1990). It consists of
a collection of C ++ class hierarchies that implement
functional AAC software components. Classes cur-
rently under development include: Vocabulary Set,
Input and Output Device, Text Editor, Word Predic-
tor, Abbreviation Expansion, and Word Morphology.
High level program logic and object connections are
accomplished through an interpretive authoring lan-
guage called Adapt which is based on LOGO (Ball,
and Demasco,1990).

One of our major design goals is to allow the use of
LASO on a variety of hardware platforms. To accom-
plish this, it is necessary to make most classes hard-
ware independent and to isolate necessary hardware
dependencies into a small number of classes. The in-
terface to the system's graphics display is particularly
challenging in this regard. A wide variety of display
hardware and graphics environments (e.g., window-
ing systems) currently exist. While there are many
similarities between systems, there is also a large
number of differences in how windows and graphics
operations (e.g., drawing) are implemented.

Our initial implementation of LASO was based on
Sun Workstations running the Sunview windowing
system. The Sun environment is ideal for exploration
of ideas, but at this point is not practical for develop-
ment of end user systems. In working towards more
practical platforms (e.g., laptop MS -DOS PCs run-
ning Microsoft Windows) we needed to redesign the
screen interface to be system independent.

Approach

Our general approach in the design of C ++ class hier-
archies that implement device dependent features is to
define an abstract base class that defines a generic in-
terface and provides device independent functional-
ity. Specific hardware devices are then implemented
as derived classes that implement device specific be-
haviors. This approach was successful in the develop-
ment of an input/output device class (Demasco et. al.,
1990). We have continued to use this approach in the
design of a Screen class hierarchy.

Screen Model
An instance of class Screen is roughly equivalent to a
window (multiple windows are not yet supported).
Once a Screen is instantiated, a number of graphics
operations are available to the programmer. These in-
clude drawing text with support for multiple fonts
and graphics images (called PixShapes). Drawing op-
erations can specify background and foreground col-
ors. All drawing operations are done to a hidden
buffer that is quickly displayed on the physical screen
with a showFrame operation.

Screen Class Hierarchv
The class diagram for the Screen class is shown in
Figure 1. It consists of an abstract base class called
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scr_base and derived classes that implement interfac-
es to specific screen environments.

scr base

scr X II scr curs I I future classes
(e.g., Windows 3.0)

Figure i. Screen Class Hierarchy

Currently, two screen environments that operate on
Sun workstations are supported: X Windows which
itself is a hardware independent windowing system
(currently limited to the Unix operating system) and
Curses which is a text based screen interface package
that runs under Unix but is available for other operat-
ing systems including MS -DOS. These environments
are implemented in the scr_X and scr_curs classes.

Class Methods - In our design, we have tried to limit
the number of graphics functions to those that are
most important for AAC software. This decision was
based on facilitating software portability and mini-
mizing complexity for programmers that will use the
Screen class. We anticipate that in the future we may
add class methods that support additional graphics
primitives. The major class methods include:

init(int xpos, int ypos, int width, int height, LColor*
fg,LColor* bg):This method creates a window on the
display of specified size (width, height) at a specified
location (xpos,ypos). It sets the default foreground
and background colors ( fg,bg).

placeText(int xpos, int ypos, char *str, LFont* fnt,
LColor*fg,LColor* bg): This method places a text
string (str) at the specified location (xpos,ypos) with
the specified drawing attributes (fnt,fg,bg).

textS1ze(char* str, LFont* fnt, int & habove, int
&hbelow, int &width): This method returns the size of
text string (str) for a specified font (fnt). The values
returned specify the height above the baseline
(habove), the height below the baseline (hbelow), and
the width of the string (width).

placePUShape(intxpos, int ypos, LPixshape *image,
Lcolor* fg,LColor* bg): This method places a
graphics image (image) at the specified location
( xpos,ypos) with the specified drawing colors(fg,bg).

placeRect(int xpos, int ypos, int width, int height,
LColor*fg,LColor* bg, enum borderstyle bdr): This
method places a rectangle of specified size
(width,height) at a specified location (xpos,ypos). It

draws the rectangle with the specified colors (fg,bg)
and with a specified border style (bdr).

placeLine(intxstart, int ystart, intzfnish, int yfinish,
LColor*fg,LColor *bg, enum linestyle In): This
method draws a line from the specified start position
(xstart, ystart) to the specified finish position
(xfinish,yfinish). It draws the line with the specified
colors (fg,bg) and with a specified line style (In).

startFrame(): This method clears the hidden image
buffer and prepares for subsequent drawing
operations.

showFrame(): This method quickly transfers the
hidden buffer to the physical display.

Support Classes
In addition to the Screen Class hierarchy there are a
number of aspects of our design that are best imple-
mented with a separate set of support classes. These
include the major graphics resource colors, fonts, and
images. We have chosen a model based on the Inter-
views C ++ graphical interface toolkit (Linton, Calder,
and Vlissides, 1988). In their model each graphics re-
source type exists as a class that is derived from an ab-
stract Resource class. In our design, shown in Figure
2., colors (LColor), fonts (LFonts), and PixShapes
(LPixShape) are derived from LResource.

LResource

LColor I I Lfont I I LPixShape

Figure 2. Resource Class Hierarchy

The abstract class provides a uniform hardware inde-
pendent way for applications to request resources.
One key element of this strategy is that each Screen
class must define a set of logical resources that are
available to applications. This includes a font called
"system" and two colors called "foreground" and
"background ". In this way applications that use only
predefined resources can be ported between different
screen environments without changes to source code.

Colors and Fonts - The current implementation of
LColor and LFont are relatively simple in that they
generally request resources from the defined Screen
class. The LResource class then maintains tables of
available resources. If an application requests a re-
source, the resource table is first checked, and if it is
not found, the LResource class issues a request to the
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Screen class. Resources are requested by an applica-
tion through a constructor statement. An LFont con-
structor would be of the form:

LFont• Fsystem - new Ltont(Screen, "system ");
where Screen is a globally defined pointer to an in-
stance of a Screen object. Future enhancements may
include more complex requests such as font request
by size and style, and color request by RGB value.

PixShapes
Image data is supported through the LPixShape class.
PixShapes are defined as raster -based images with 1
to 8 color planes and an optional transparency mask
that allows the application to overlay multiple Pix-
Shapes. The transparency feature allows an applica-
tion to build complex images from a number of simple
PixShapes. PixShapes can either be defined in the
program code as static initialized data or may be read
in from files. We support the TIFF file format be-
cause it is one of the most widely used image data
standards used within the computer industry.

Implications

We have implemented the Screen class hierarchy un-
der X Windows and Curses. It is interesting to note
that these environments are entirely different. X Win-
dows is an extremely rich graphical environment that
has become an industry standard among Unix work-
stations while Curses is a text mode based display
package that traces its roots back to character termi-
nals used on multi -user Unix systems. While we
strongly believe that graphical environments are an
important part of future AAC systems, the Curses
based implementation provided an excellent opportu-
nity to test design concepts related to issues of porta-
bility. We feel that our success in supporting two
widely disparate environments attests to the achieve-
ment of our design goals, and we feel confident about
future ports of the software.

Discussion

As stated previously, the current implementation is
running on Sun Workstations and is actively being
used by our project group. The software could be
made available to any developers who are interested.
In the future we plan to enhance the software in a
number of ways. These include:

• Support for multiple windows

• Richer resource support

• Additional drawing primitives (as needed)

• Additional hardware /operating system support

This last goal is the most important. While Sun work-
stations provide an excellent platform for software re-

search and development, we are fully aware of the
need to support computers that could be used as AAC
systems. In the near future, we plan to begin porting
the toolkit to the Microsoft Windows environment
and would be interested in discussing the prospects of
an Apple Macintosh port with any other interested de-
velopers.
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AN ENHANCED OPERATING SYSTEM FOR THE PRENTKE COMPANY 14.4
TOUCH TALKERTM AND LIGHT TALKER'"

Donald M. Spaeth, M.A. Rehabi l i tation Engineering
Prentke Romich Company, Wooster, Ohio

Semantic Compaction Systems, Pittsburgh, Pennsylvania

Abstract
Portable, voice ouput, augmentative communication
aids have been manufactured by the Prentke Romich
Company (PRC) since 1984. This article describes
the development of an enhanced operating system for
standard usage on all produced devices. The
replacement ROM chip can also be easily installed on
existing devices. The new operating system
improves memory management, provides word
processor style editing features, has a customizing
feature to reconfigure the keyboard layout and
contains powerful message building functions for
conversation.

Background
The Touch Talkeimand Light TalkerTMare portable,
battery powered, voice ouput communication aids
manufactured by the Prentke Romich Company.
Both are equipped with text -to- speech voice
synthesizers. Released in 1984, the first models
were equipped with Ech6rm speech synthesizers with
a robotic quality voice. The SmoothTalkefm speech
board was introduced in 1987 and the DECtalkTM
speech board became available in 1990. Speech
board upgrades are less expensive than the purchase
of a brand new device.

Both the devices use Minspeak"m, a unique
vocabulary retrieval system developed and patented
by Semantic Compaction Systems, Pittsburgh,
Pennsylvania. By actuating two or three locations
marked with icons, Minspeak system operaters can
retrieve messages up to several hundred characters
long. Because the icons used on the keys are rich in
multiple associations, system operators can access
vocabularies containing thousands of messages from
a set of 70 to 80 icons.

The Touch Talker and Light Talker are both
controlled by an RCA 1802, CMOS, 8 bit
microprocessor with a 64 K address space. The
Touch Talker is configured with 16K of ROM and
48K of RAM memory. The Light Talker has 24 K
of ROM and 40K of RAM memory. The lower 16 K
of ROM on the two systems is practically identical.
The major differences between the devices are the
input methods.

The Touch Talker can only accept input from its built
in 128 key mechanical keyboard which is laid out as
a matrix of 8 rows and 16 columns.

The Light Talker marks its input locations with a
matrix of 128 Light emitting diodes (LED's). These
LED's are also arranged in 8 rows and 16 columns.
These LED's are illuminated sequentially and the
associated locations can be triggered by an optical
pointer. The optical pointer can be mounted on the

system operaters's head or other suitable body
surface. The Light Talker can also be operated with
one or more single switches through row - column
scanning, joystick directed- scanning, or Morse code.
In all, there are 25 methods of input provided on the
Light Talker. To support all these selection
techniques requires the additional 8K of system
ROM.

Statement of Problem
While state -of -the -art speech synthesizers have been
made available for these products, the operating
systems have remained virtually unchanged since
1985 except for small code modifications needed to
support the newer speech boards.

Before joining PRCthe author worked three years as
a technology consultant for the Pennsylvania Special
Education Assistive Device Center and had frequent
opportunities to talk with speech clinicians and
disabled clients using the PRC devices. Consumers
and clinicians have requested that the following
features be added to the standard operating system.

1. System operators want to store more
mess ages  than the current RAM memory can
contain. Advanced users can learn and recall over
3,000 unique icon sequences. More RAM memory
or a tighter data structure that can store more
messages in the existing RAM memory is needed.

2. The s tandard operating s ys tem would be
easier to program if it had more editing
features. When creating new messages, text that
has scrolled off the display cannot be made to
reappear for changes and the cursor cannot be moved
back through previously entered text except by
backspacing and erasing. If upon completion of a
message, the first word is discovered to be
mispronounced, the entire message must be retyped.
Better editing features would allow these devices to
be used as a writing aids as well as communication
aids.

3. Conversational messages could be more
detailed if the output buffer held more
words. In 1984, it was believed that most Touch
Talker and Light Talker system operators would
communicate by retrieving long general purpose
sentences directly from the device's memory. When
speaking directly from memory, these devices can
retrieve messages that are hundreds of characters
long and process all phonetic corrections embedded
in those messages. Currently, many system
operators want to string together small vocabulary
units to produce very specific conversational
comments and requests. Stringing vocabulary units
requires an output buffer, an area in memory where
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the text retrieved from memory can be combined with
spelled out items from the keyboard prior to
speaking. The existing system only provides a 40
character output buffer (the length of the display).
Whenever the user fills the 40 character display, he
must speak the contents immediately even if it is not
a complete thought. An additional problem occurs
when messages are transferred from memory to the
display buffer and then retransferred to the speech
synthesizer. When a message is placed in the display
buffer, the phonetic corrections are removed so that
the text will appear with correct spelling. When the
the contents of the display buffer is later sent to the
synthesizer and spoken, the phonetic corrections are
absent. Some of the text, especially proper names
and foreign words, is mispronounced.

4. System operators could be better served
if the icons on the Touch Talker keyboard
or the Light Talker LED matrix could be
relocated or enlarged after vocabulary is
installed. The keyboard of the Touch Talker or
LED matrix of the Light  Talker can have any
character, icon, or function assigned to any location
on the user's custom overlay. However, this layout
information has to be designated before vocabulary
messages are installed. If a clinician wishes to
change part of a layout design after programming in
messages, all messages associated with the changed
keys must be reentered. Many clinicians now prefer
to use Minspeak Application Programs (MAP'sTm)
These are large vocabularies packages designed for
system operators with varing levels of maturity and
cognitive skill. These come with preassigned
keyboard layouts typically 128 locations with
'QWERTY' typewriter style character sets. There is
presently no way to customize the icons without also
reprogramming all the associated messages.

Rationale
The goal of this particular project was to substantially
improve an existing product line; not to create a new
product. Enhancing the operating system was
especially intended to help the owners of
approximately 7,000 devices already in use.

Hardware changes such as a newer microprocessor,
bank switched RAM and ROM were considered and
rejected for two reasons.

1. To develop such improvements would have
required an entirely new main circuit board. Once
getting in this deep, it is very tempting to put in a
better display and power supply. A project that
began as an upgrade has now become a new product
with a long development timeline, many
manufacturing issues and a higher cost to
consumers.
2. For the retrofit market, the cost of the enhanced
operating system could be reduced by between $50
and $100 if the new operating system could be
installed in the field by the system operator or his
helper instead of having to return the device to the
factory and having the new hardware installed by a
service technician. Field installation would also
eliminate all the nuisances associated with shipping,

insurance, vocabulary transfers, loaner devices and
disruption of the client's speech therapy. To achieve
field installation, no hardware changes could be
made to the any of the circuit boards. Only the
operating system EPROM could be changed.
Fortunately, the 16K operating system EPROM chip
used in Touch Talkers and Light Talkers can be
easily accessed by removing a black plastic cover
from the rear of the device case. A non - technical
person can easily snap in the new system chip. A
chip carrier eliminates the risk of crushing or
misaligning any of the tiny chip pins.

The software upgrades also had to be conservative.
Desirable as it was to accomplish all the above listed
improvements, radical changes to the operating
system were discouraged. Thousands of users are
accustomed to the existing operating system. To
introduce too many new features that were not logical
extensions of the existing system would cause many
system operators and clinicians to become confused
and discouraged because the enhanced system was
too much a departure from familiar ground.

It was also essential that the new system software be
capable of reading the current vocabulary storage
format; even if it subsequently converted that current
vocabulary to a more compressed format to save
RAM memory. Without this backwards
compatibility, system operaters or clinicians would
have to reenter all their vocabulary messages after
installing the new operating system chip. It was also
essential that existing Memory Transfer Interfaces
(MTI's) be capable of copying the new vocabulary
files to magnetic media on popular desktop
computers. The MTI's are the standard way of
moving and storing custom vocabulary files.

Design
The 1802 microprocessor is programmed with
assembly language. Even if a suitable higher level
language such as C or BASIC could be obtained, the
small 16K ROM space could not have supported it.
Because of the learning time required to become
proficient in 1802 machine code and become familiar
with the prior programmer's code, it was decided to
assign this programming task to a single employee
rather than putting together a development team.

Before embarking on changes, the original operating
system code had to be moved to a suitable
development environment. The Pseudo Corpl
Dissassembler, Cross- assembler and Simulator were
found to be best programming tools available for the
developing the 1802. This software was also
appropriate because it ran on MS DOS hardware
widely available in the PRC Research and
Development department.
In January of 1990, the hex code from a production
16K EPROM was uploaded to an IBM 286 AT and
converted back into source code with a PseudoCorp
disassembler. Using notes and listings from 1985,
this source code was rebuilt until it would assemble
to the same object code contained in the production
EPROM chip. At this time, it was discovered that
several thousand bytes of ROM were unused and
available.
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While PseudoCorp provides a simulator in its
developer's package that can be used to observe
execution of 1802 code on a PC monitor, the author
used it only during the first three months of the
project. As the author's familiarity with 1802
machine language and the communication aid
hardware grew, he found it more efficient to transfer
object code to an EPROM burner, make an EPROM,
plug the EPROM in to an actual devise and debug
code by observing the device's behavior. An
incircuit microprocessor emulator could have saved
additional debugging. As the the code grew, the time
for each cross assembly approached five minutes. In
October 1990, the project was moved to a Compaq
386SX computer which reduced cross assembly time
to about one minute.

Development

Because the vocabulary storage format would effect
all other functions, this feature was modified first.
The author designed a new vocabulary data structure
that eliminated three bytes for every stored message.
In large vocabularies containing 2,600 to 3,000
messages, approximately 7,000 to 9,000 bytes are
freed by this improvement. To make the new
operating system work with older vocabularies, the
system checks the the stored vocabulary contained in
RAM whenever the device is turned on. If
vocabulary is discovered to be in  the old storage
format, the system alerts the system operators and
asks permission to convert the old vocabulary to the
new, more compact format. With the system
operator's consent, a conversion utility is called.
The old vocabulary literally shrinks down to about
80% of its former size. The conversion process
requires about six seconds but only has to be
performed once. All vocabulary additions thereafter
occur in the new format.

After designing the new storage format, new editing
features were created. Right and left -hand arrow
keys were defined as functions and behave like the
arrow keys on word processors. In storage mode
(creating new messages), the editor works with 16
bit variables and can address all the unused RAM
memory. It is possible to develop and edit
messages, speeches, songs and writing projects
thousands of characters in length. The system was
also modified to preserve writing projects in progress
in the event of a power down.. The system routinely
powers down after five minutes of inactivity to
prevent battery discharge. The new operating system
now saves writing projects instead of erasing them.

For conversing, the 40 character display buffer was
replaced by two buffers containing 256 bytes each.
As vocabulary units are retrieved from memory, the
software splits them into a phonetic portion, correct
for the speech synthesizer, and a text portion,
appropriate for the visual display. The phonetic and
text components are stored in the two separate
buffers. The editing functions, Left Arrow, Right
Arrow, Delete character, and Delete word are
designed to execute simultaneously in both buffers.
Any changes or insertions made to the the text buffer

by the system operator are replicated in the speech
buffer. Because these buffers often contain different
numbers of characters, the editing functions must
read special codes embedded in the spaces between
words so that syncronization between the buffers
doesn't break down. Conversational passages up to
256 characters in length can be constructed by
combining small vocabulary units retrieved from
memory with directly spellings from the keyboard.

To allow clinicians and system operators to rearrange
their icons and functions on the front panel without
having to reprogram all the associated messages, a
keyboard reassignment table was devised. Every
time a key is pressed on the Touch Talker (or an LED
is optically read on the Light Talker), the software
checks to see whether the hardware value of the key
should be used or a different value contained in a
RAM lookup table. The clinician can easily switch
the communication aid between the hardware and
software keyboard definations. There is  also an
authoring function provided that allows the clinician
to revise the keyboard lookup table at any time.
Icons can be moved anywhere on the front panel. In
addition, icons can assume any size or shape
definable with the 128 sized squares.

During 1990 the author rewrote about 70% of the
source code to achieve the new operating system.

Evaluation
The Enhanced Minspeak operating system (EMOS)
has undergone beta testing by seven speech and
language clinicians and two consumers with
disabilities. The beta testers stated that the EMOS
met the clinical and operational goals of the project.

Discussion
Upgrading operating systems and application
software is commonly done in the computer
industry. IBM DOS has been repeatedly upgraded
since 1980 as has the MacintoshTM computer
operating system. Software upgrades are easy to
distribute and can extend the useful life of hardware
thus reducing costs to consumers. Upgraded
software, if designed to behave like an earlier
product can give consumers the advantages of a new
product without requiring the training time a brand
new product would require.
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14.5 Miniaturizing AAC Devices

David H. Hershberger
Prentke Romich Company, Wooster, OH

Abstract

New technology such as surface -mount integrated
circuits and powerful microcontrollers have been
implemented to create a small AAC device which can
be worn by the user. The successes and challenges
of the design and development process are dis-
cussed.

Background

The early 1980's saw a major change in commer-
cially available AAC devices. Low -cost micropro-
cessors and widely available integrated memory cir-
cuits enabled developers to use microcomputers and
dedicated systems to create systems that had the
memory capacity and power to better address the
communication needs of non - speaking users. Later,
laptop computers and improved techniques for
forming enclosures, along with advancements in mi-
croelectronics, allowed communication devices to
become smaller and more portable. During this same
time, memory access and organization methods were
devised that enabled users to have larger working
vocabularies which in turn created a need for more
electronic memory.

This new technology has allowed designers to create
portable communication systems. Today, most
widely -used AAC devices are designed so the user
can easily transport them wherever he /she needs to
go. They are also designed so they can be operated
while mounted to a wheelchair or bed as well as on a
table or desk.

Statement of Problem

There is a need, however, for AAC devices which
are more portable for ambulatory individuals;
Devices which can be operated and used during nor-
mal daily activities such as walking, playing and
riding in a school bus or automobile. Such a device
should have the capacity to accommodate the needs
of the individual during these tasks, it should also be
designed to present minimum physical obstruction or
inconvenience to the user.

To illustrate the size of the population who could
benefit from such a device, reference is made to the
long term loan program of Pennsylvania's Assistive
Device Center (ADC). In the five years since the ini-
tiation of this program, 618 students with AAC
needs have been provided with assistive technology.
Of this group, 23% of the students have the ability to
ambulate, some with the use of walkers (Assistive
Device News, 1990). Although not a majority, the

group of ambulatory students does represent a signif-
icant portion of the group.

Rationale

The purpose of this project was to create an AAC
device for ambulatory individuals which could be
worn by the user. In addition to being portable, the
device was to have the memory capacity and flexibil-
ity to address the communication needs of the user.

For the design of such a device to be practical, the
necessary circuitry and components must fit into a
compact enclosure. Also, the user must be able to
operate it with minimal physical effort. Several
technical aspects make this project much more feasi-
ble now than in the past. First, currently available
microcontrollers contain much of the support cir-
cuitry that was necessary for earlier microprocessors
and controllers.

Secondly, static RAM has become less expensive
and more compact. In general, human- sounding
speech can be produced with substantially less cir-
cuitry using digitized speech rather than synthesized
speech. One of the tradeoffs, however, is that digi-
tized speech requires more memory for storing
phrases than a synthesized speech system requires.
While compact dynamic RAM has been available for
some time, much more battery power is required to
maintain dynamic memory than static memory. The
new advances in static memory allows an adequate
amount of memory to be maintained with a minimum
amount of circuit board area and with smaller and
lighter batteries.

Finally, surface -mount technology is now an afford-
able and practical al ternative for lower - quantity pro-
duction. This also greatly reduces the size and
weight of the final product.

Design

A questionnaire was distributed to forty speech clin-
icians. The questionnaire asked the clinicians to list
the features necessary or desirable in an AAC device
for ambulatory individuals. The composite response
provided the following recommendations: The de-
vice should be able to be worn by the user in a natu-
ral, unobstructing manner; it should be able to be
easily programmed and customized by the user's
clinician, parent or teacher, and it should be sturdy
enough to withstand daily activities.

The design is built around Signetic's SC80C451 mi-
crocontroller. This controller has many features
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which make it conducive to miniaturization, includ-
ing: seven 8 -bit quasi - directional output ports, paral-
lel printer interface, full duplex UART, two 16 -bit
counter /timers, and on -chip ROM. It is also avail-
able in a PLCC package.

Texas Instrument's TMS62828Ls are used for mem-
ory storage. These integrated circuits are static
RAMS with a 128K x 8 storage capacity and are
available in  surface mount packages. Digitized
speech processing is accomplished with Toshiba's
8830 surface mount integrated circuit.

Since all of the major components in the design are
low -power CMOS integrated circuits, it is possible to
use small NiCad battery cells to supply power to the
device.

A second aspect of the design was packaging; that is,
how the device could be worn by the user. Several
packaging designs were investigated, but the final
choice was a belt as shown in Figure 1. The small
boxes on either side of the speaker unit contain the
electronic components. A flat cable connects these
units together, but the support for the boxes is pro-
vided by the belt. A belt proved to be a natural
method for wearne this device.

Development

Development of the project was started in September
1990. The software was developed on an IBM PC
with the help of an in- circuit emulator made by
Nohau for the 80C451. Initial development was per-
formed on a wire - wrapped circuit board before
moving to a surface mount circuit board in early
1991.

To assure that the device met the communication
needs of the individual, the operation was patterned

after a commercially available and successful com-
munication aid -- Prentke Romich Company's
Introtalker. While this device is somewhat limited in
its spontaneous speech and memory capacity, past
experience led us to believe that it would meet the
needs of the individuals we were targeting.

One of the challenges in developing this device was
to design a keyboard that the user could use to easily
operate the device. While the belt (in Figure 1) pro-
vides for mounting and wearing the main device,
individual client needs and abilities effect the type of
keyboard that can be used and limit the mounting
options. For this reason, the PRC Bus (Hershberger
1990) was incorporated as a keyboard connector.
The PRC Bus gave us the greatest flexibility  for
allowing a variety of different keyboards or scanning
devices to connect to the unit with a simple phone
cord connection.

Figure 2. Belt- Mounted Keyboard

Figure 1. Belt design for mounting the device to the
user. Figure 3. Wrist - Mounted Keyboard
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Evaluat ion

As previously stated, while the design provides for
mounting and wearing the main unit, the keyboard
also must be worn or carried by the user. This
proved to be the most challenging aspect of evalua-
tion. While the size of the necessary electronics can
be reduced, the number and size of the keys often
dictate the physical surface area of the keyboard. The
needs of the individual clients called for a number of
different keyboard configurations. We have experi-
mented with several designs; wrist - mounted, fold -
down chest - mounted and a keyboard that also
mounts to a belt. Two of these designs can be seen
in Figures 2 and 3. Additional keyboard develop-
ment and evaluation is planned for the future.

Discuss ion

'Wearable' assistive devices have been a dream of
rehabilitation professionals for some time. As tech-
nology advances, so will creative implementations of
the technology. This project helped to convince us
that today's technology allows us to create devices
that are small enough to wear. There is no reason to
believe that current trends will not continue to make
this a more practical alternative. Programmable gate
arrays, better batteries and more integrated microcon-
trollers will help to  make assistive devices even
smaller in the next few years.

On the other hand, the project also made us aware of
some of the challenges that we will face as we con-
tinue to develop smaller AAC devices. Connecting

to more powerful assistive devices and/or computers,
better portable access methods and improved
mounting systems are issues which we need to face
and solve in the next few years. The system in this
project also lacked some of the features that have
proven to be successful in other AAC devices; in-
cluding an LCD display, synthetic speech and full
size keyboard. Further research is required to de-
termine how each of these necessary parts can be
combined into a very functional and portable com-
munication device.
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Abstract — A conceptual model for the comprehen-
sive assessment of the technology needs of infants and
their families is presented. The model evolves from the
dictates of both P.L. 100 -407 and P.L. 99-457 and from
ecological/developmental and family systems theo-
ries. Implications for the development of future as-
sessment strategies are addressed .

Background

A frequently expressed need of parents of children
with disabilities is technology and related services to
facilitate their children's optimal interactions with the
environment ( Parette & VanBiervliet, in press). A
crucial component to the success of technology -as-
sisted interventions for a young child with disabilities
is the involvement of the child's family in the planning
and implementation processes. The involvement of
families in developing systems of technology - related
assistance is mandated in P.L. 100 -407, the Technol-
ogy- Related Assistance for Individuals with Disabili-
ties Actof1988. Similarly, families are an integral part
of the development of individualized family service
plans (IFSPs) underPartHof P.L. 99-457, theEducation

of the  Handicapped Amendments of1986. Even with
a high level of family involvement in planning, tech-
nology which may be provided as part of the plan does
not guarantee an improved quality of life for either the
family or child.

Statement of the Problem

The recent increase in the development of assistive
technology service delivery systems has generated a
number of issues which have not been addressed by
empirical research. Quite often the introduction of
assistive devices in the lives of children with disabili-
ties represents a significant event both for the child and
the entire family. The impact of introducing an assistive
device on both child and family - and in particular the
success in accomplishing the goals for which the
device is intended - may well depend on a number of
factors present in child and family at the time of
introduction and during the transition which follows.
Assistive technologies often require additions to fam-
ily routines (e.g., battery charging or cleaning), restric-
tions of family activities (e.g., hindrance on travel due
to size /portability of a wheelchair), and modifications
to the home environment (e.g., setting aside "protected"
space for a video enlarger system). Changes to family
structure and environments as described above can be
highly disruptive to family functioning. Such changes
can adversely affect a family's ability to cope with
stress, such as money problems or interpersonal clashes,
and thereby have an negative effect on the child's
development. Disruptions caused by the introduction
of assistive technologies may even effect the family's
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sustainability or ability to remain a family unit result-
ing in marital separations or divorces. Some assistive
technologies, such as large respirators, might even
effect the development and maintenance of family
attachments.

It is very likely that the failure of many early interven-
tion programs involving assistive technologies is due
at least partially to the lack ofconsideration ofecological
and family functioning issues. Current assessment
procedures that focus only on the child's behavior
(e.g., range of motion) may erroneously claim an
intervention to be successful, when in fact the program
unnecessarily added to family stress factors resulting
in the break up of the family unit. Since many assistive
technologies may effect not only the child but the
whole family, it appears to be very important to con-
sider family and ecological factors before prescribing
assistive technologies, and to evaluate the impact on
the family by the device following its introduction and
regular periods thereafter. Such an evaluation is en-
tirely in keeping with the family oriented spirit of P.L.
99 -457 and the concept of IFSPs.

Current assessment or evaluation approaches for
assistive technologies focus on the measurement of
child behavioral strengths and weaknesses. While this
clearly provides important information for prescrip-
tion and evaluation of assistive technologies, these
procedures fail to take into consideration the impact of
the child's technology on family functioning. There is
also very little information about the likely impact that
various technologies will have on the child and his/her
family. Although some assistive technology quality
indicators that have been developed emphasize the
involvement of families in all aspects of program
development and implementation, the measured ef-
fects of this involvement are limited to satisfaction and
service effectiveness indices (S.M.A.R.T. Exchange,
1989). Limited attention has been directed toward the
impact that the provision of technology has on the
functioning of the child and family within the home
environment. This places families, professionals and
policy makers in the position of having limited infor-
mation for developing, implementing, and evaluating
systems of technology- related assistance for early
intervention programs. Similarly, little instrumenta-
tion exists which can assist families and professionals
in identifying children who could be most appropriate
recipients of particular technologies in the context of
the ecological environments in which they live.

Approach

Since child and family functioning is crucial to the
success of any early intervention program, an ecologi-
cal/developmental model, such as that described by
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Belsky (1984) as a "parenting process" model, and the
family systems models used by researchers in the area
of disabilities (Dunst, Trivette, & Deal, 1987, Turnbull,
Summers, & Brotherson, 1986) provide a basis for
revising assessment strategies. These models incorpo
rate considerationof family structure, interaction styles,
interpersonal relationships, cultural factors, health and
well - being, family stresses, coping styles, and family
resources.

The comprehensive evaluation model proposes that
information be gathered in four domains (child, fam-
ily, assistive technology, and service system). Child
factors include needs of the child, his or her capabili-
ties, interests and goals. Family factors include back-
ground variables, needs, strengths, styles, resources,
and preferences. Technology factors include demands
placed on the child/family and opportunities which are
presented by the introduction of technology. Service
system factors include such characteristics as limita-
tions, demands, and resources available to the family.

An important feature of the assessment model is the
examination and monitoring of linkages within and
among the four domains. This examination includes
monitoring changes in each component; anticipating
transitions between and interactions among compo-
nents; a sensitivity to detecting serious problems; and
approaches to detect unanticipated outcomes.

In developing models for assessment of technology
needs, caution must be exercised to maintain a reality -
based approach, i.e., recognizing that limitations on
resources must somehow be balanced with the needs
of children and families. The model basically entails a
non - linear assessment procedure which maximizes
the attainment of critical information using a low
demand/high yield conceptual approach. Some vari-
ables are considered more salient, or exhibit more le-
verage on family functioning and decision - making.
Forexample, meeting basic needs would exert particu-
larly strong leverage on a family and its decision -
making processes. Some variables would potentially
be more volatile, or increase the probability of prob-
lems occurring. For example, any practice or demand
which would increase caregiving demands placed on
parents could exacerbate existing stress. Finally, some
variables would potentially be more vulnerable, or be
more susceptible to intervention impact. Transporta-
tion to and from needed services would be positively
received by most families.

The evaluation process begins with gathering general
information about the child and his/her family. Based
on the review of this information, the clinician decides
on which strategy to use in order to gather information
for the next level of decisions. This progression from
general to specific continues until sufficient informa-
tion is gathered in order to create an effective interven-
tion program.

The proposed assessment and planning model is very
similar to making a "key ", in which the lathing process
is non - linear. The creation of the key results in a unique

set of recommendations that can unlock the door of a
more promising future for the child and his/her family
by insuring that assistive technology needs are most
appropriately identified and provided. The key con-
sists of four layers or metals fused into an interconnected
whole; the layers represent the four domains (child,
family, assistive technology, and service system). As
information is obtained from the assessment strategies
the blank key is gradually honed into an individualized
solution for a child and his/her family.

Implications

The comprehen sive as sessment model described above
suggests perhaps that only a superhuman with a wide
variety of skills in numerous disciplines could carry
out the processes. The model, however, requires a
team effort rather than a "L.one Ranger" approach.
Professionals from human service, educational, therapy,
and medical disciplines can combine their expertise
with the input of the family to develop a successful
plan for the child.

The non - linear assessment approach that is presented
in this model diverges substantially from "battery"
approaches whereby all children are evaluated with the
same set of instruments. The non - linear approach
incorporates a number of decision points in the pro-
gression from general to specific assessment strate-
gies. At these decision points the team decides what
assessment strategy or what information is necessary
to complete the child's plan. By conducting only
needed evaluation procedures, the non - linear assess-
ment approach can prove to be cost effective and
efficient. The incorporation of artificial intelligence
technologies into the assessment process could assist
in ensuring that decisions are based on a thorough
analysis of available information.

Discussion

Family assessment is a source of valuable information
when developing IFSPs for families of infants with
disabilities. Given the increasingly important role
which technology plays in the design and implementa-
tion of IFSPs, professionals are challenged to examine
numerous issues relating to the assessment of families.
Though instrumentation has yet to be developed which
embodies these many issues, there is a clear need for
new models to be conceptualized that will guide future
assessment strategies. A comprehensive assessment
model is presented which may guide the development
of future assessment strategies. The result of the ap-
proach is a "key" of recommendations that is unique
for each family. The key evolves from multiple levels
of assessmentwhich include the child, family, technol-
ogy, and service systems factors.

Future family assessment strategies should embrace
the philosophy that the manner in which family needs
are addressed has an impact upon the development of
infants with disabilities. Access, manipulation, and
control of information and the environment will be a
critical skill for all citizens in our society in the decades
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ahead (Cain & Taber, 1987). Aided by the tools of
assistive technology and services, families can help
their children attain a level of ultimate functioning
(Brown, Nietupski, & Hamre- Nietupski, 1976), with
devices and services becoming naturally assimilated
as a part of their environment (Hansen & Perlman,
1989). When family needs are addressed, and families
are given information to make informed decisions to
help their children, parental expectations of their
children's potential may be substantially altered, and
the outcomes of interventions may be greatly enhanced.
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Abstract Objective

Undergraduate university students were
used as a resource for meeting needs
for adaptive equipment in preschool
and special education. Participating
students included bioengineering and
education majors, with supervision by
g r a d u a t e  s t u d e n t s  a n d fa c u lt y . T h e
teams met with teachers, therapists
an d  cl i e n ts  t o d e f in e  ob j e c ti v e s a n d
poss ible solutions. The teams then
developed these solutions and returned
finished devices to the originating
setting. Projects included devices for
c l a s s r o o m us e and eq u i p m e n t for
p h y s i c a l , o c c u p a t i o n a l and sp e e c h
therapy. The spe ct ru m of nee ds  m et
demons trates feasibility and utility
for adoption in other settings.

Background

One of the challenges in the delivery
o f  s p e c i a l e d u c a t i o n  a n d  p r e s c h o o l
a d a p t i v e t e c h n o l o g y is th e co st
effective inclusion of a custom design
and modification service. This is
esp eci all y t rue  wh er e t he tra ini ng of
t e a c h e r s an d t h e r a p i s t s has not
included a strong technical component,
an d  wh e r e  t h e  c o s t  o f  pr o v i di n g  t h i s
kin d o f s erv ice  wi th  ad dit ion al sta ff
or outside consultants is prohibitive.
Thi s h as con tin ued  a t t he loc al lev el
desp ite extensive national attention
to the need for both off - the -shelf and
custo mized adaptive technology (Cain
an d T a b e r , 19 8 7 ; Ca m p b e l l , et al,
1 9 8 0 ; B u r k h a r t , 19 87 ; La h m , 1989) .
T h e a v a i l a b i l i t y of co m m e rc i a l
a d a p t i v e e q u i p m e n t has not ful ly
a d d r e s s e d t h i s ar ea , nor has th e
d e v e l o p m e n t of r e s o u r c e gu i d e s
( E n d e r s , 1 9 8 9 ) and da t a ba s e s
( A B L E D A T A , SE R I E S , SP E C I A L N E T ) .
C o m m e r c i a l d e v i c e s are of te n
e x p e n s i v e , d i f f i c u l t to ad e qu a te l y
sel ect , and  ma y req uir e ada pta ti on to
the par tic ular  us er. Resource guides
an d  d at a  b as e s  ca n  p ro v i d e e x t en s i v e
information. However, even if  t he se
res ou rc es  a re us ed  e ff ec tiv el y,  t he re
is s t i l l a ne ed for on si t e
modification and custom design.

The program described here used teams
of undergraduate university students
to provide a design resource to local
schools and a community infant and
p r e s c h o o l  p r o g r a m . T h e  u n i v e r s i t y
s t u d e n t s in c l ud e d ma j o r s in
b i o e n g i n e e r i n g and ed u c at i o n who
e a r n e d c l a s s c r e d i t s for th ei r
participation. From the perspective of
the off - campus clients, the objective
of  t he  pr og r am  w as  to  p r ov id e d ir ec t
assist ance in ev aluati ng th e nee ds of
individ ual chi ldren, and in bui lding
or modifying equipment that what would
me et  t h es e n ee ds . Th e p ro g ra m a ls o
had the objectives of improving the
technical awarene ss and expert ise of
present and future classroom teachers,
increasing the understanding of the
ne ed s of indi vidu als with  han dica ps,
p r o v i d i n g "re al wo rl d" de si gn
e x p e r i e n c e , a n d  d e m o n s t r a t i n g  t h a t
this kind of program could bring a
us e f u l , low co st se r v i c e to local
sc h oo l d i s t r i c t s and co mm un it y
providers.

Method

The program involved on site visits by
the participating university students
to loc al sc h o ol s , and a pr e sc h oo l
c e n t e r . D u r i n g  t h e s e vi si ts the
u n i v e r s i t y  s t u d e n t s  w o u l d int era ct
wi th t e a c h e r s and th e ra p i st s , and
the ir cli ent s, to  de f in e educational
and d evelo pmen tal n eeds that  coul d be
a d d r e s s e d th r o u g h th e de s ig n and
fabric ation  of a daptiv e equ ipmen t, or
the m odif icat ion of e xist ing adap tive
or co nsume r pr oduct s. Fo llow ing t hese
initial visits the students would look
for ex isting  solut ions. If  n on e wa s
fo un d  t he y  w ou l d t he n d ev el o p de s ig n
alternatives for meeting the needs,
obtain internal and external design
re v i e w s , r e f i n e th e de s ig n , and
ultimately build the device and return
with i t  t o  t h e cla ss ro om  or  t he ra py
se t t i n g for im p le m e nt a t io n . Wh er e
necessary further iterati on was then
un d e r t a k e n . Th e ed u c at i o n ma jo rs
played an important role in helping
to d e f i n e t h e ed u ca t i on a l or
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d e v e l o p m e n t a l ob j e c t i v e of ea ch
project. Supervision wa s provided by
two g r a d u a t e st u d en t s , on e in
b i o e n g i n e e r i n g and on e in sp ec ia l
ed u c a t i o n , and by pa r t i c ip a t i n g
members of the bioengineering faculty.
T h e fa c ul t y gu i de d th e st u d en t s
throughout the design cycle to help
assure successful completion including
functionality, reliability and safety.
The fa culty  also  provi ded g uidan ce on
feasib ility  in t erms o f cos t and  time
constraints. coordination  within the
local school district was through the
special  educat ion dir ector, classroom
t e a c h e r s  a t t h e  e l e m e n t a r y , mi d dl e
school and high school levels, and
wi th th e di s t r i c t ' s ph ys ic al ,
o c c u p a t i o n a l a n d  m u s i c th e ra p i st s .
The preschool setting also involved
physic al an d occ upatio nal t herap ists,
along with speech therapists.

A well equipp ed des ign la borato ry was
available at the university to support
th i s ef f o r t . Th is fa ci li ty was
supplem ented where necess ary by  other
university mechanical and electronic
fabrication facilities. As a result
of the  fund ing f or thi s pro ject there
was no cost to the school district for
any of the devices provided. However,
ev e n wi t ho u t di re ct fu nd in g, th e
actual cost of construction of the
device s was  gene rally low c ompar ed to
commercial counterparts. These costs
wo u l d  h a v e b e e n  t h e only  exp ense to

the school district.

Results

The direct results of this program was
t h e  d e l i v e r y  o f  c u s t o m i z e d  d e v i c e s
wh i c h  me t  t h e specific needs of the
pa r t i c i p a t i n g  t e a c h e r s ,  t h e r a p i s t s ,
and cl ients. These included devices
for occupational, physical, speech and
musi c t hera py, as w ell as for daily

classroom use.

Devices for P.T. and O.T. included
p o r t a b l e ve s t i bu l a r bo ar ds , pr on e
sc o o t e r b o a r d s in cl ud in g on e with
musical sounds, heel switch reminders
for heel contact during walking, timed
postu re r emind ers, and an adjustable
he ig ht tr a n s f e r box for te a c hi n g
wh e e l c h a i r tr a n s fe r s . A multi -
handle /multi -door de v i c e was also
de s i g n e d for tr a i ni n g of th e s e
functions. Another group  of projects
Involved mobility aide including a peg
wheelchair rim for a small wheelchair,
a low -to- ground wheelchair for foot

propulsion, and hand cranked and hand -
to -wheel us er pr o p e l l e d car ts.
Se v e r a l ve r s io n s of voice /sound
act iv at ed  d ev ic es  f or speech therapy
were also developed.

P r o j e c t s we re al so co m p l e t e d in
coope ratio n wi th th e dis tric t's m usic
th e r a p i s t . o n e  o f t h e s e  w a s a joy
st i c k c o n t r o l l e d mu s ic a l ke yb oa rd
wh ic h p ro vi de d  f or  o n e ha nd , limited
mobility operation of an electronic
mu si c ke y b oa r d . Th i s pr oj ec t was
fo l l o w e d by th e mo d i f i ca t i o n of
electronic drum sticks to allow for
o p e r a t i o n by a do w n wa r d sl ap p in g
motion  rath er th an req uirin g the  user
to hold the drum stick. Accommodation
of  m o re  l i mi te d  p h ys ic a l ab i li ty  wa s
p r o v i d e d by a sw i tc h op e r at e d
mo t o r i z e d u k u l e l e st r u mm e r and a
switch operated chime striker.

Classr oom d evice s incl uded wheel chair
tray d e s i g n s an d mo d i f i ca t i o n s to
accommodate individual users. Several
f u r n i t u r e p r o j e c t s we re also
undertaken incl ude d a small kneeling
chair, an adj ust ab le cor ne r c hai r, a
lock -in -place desk, and a back lighted
table for l ow vi sion u sers.  A de layed
ac t io n c h i m e wa s pr o v id e d whi ch
allowed for stud ent response  without
en c o u r a g i n g  r e p e a t e d  a c t i v a t i o n  f o r
random noise making. Projects for self
feeding included utensil modifications
a n d  a  c o m p a r t m e n t a l i z e d  l u n c h  t r a y
warmer to maintain food temperature
during slo w e ati ng. Other projects
in c l ud e d mo d i f i c a t i o n of a bu t to n
ma ke r to a c c o m m o d a t e the ph ys i ca l
l i m i t a t i o n s  o f the in t e n d e d  u s e r s ,
m o d i f i c a t i o n s  o f  s t a n d e r s  t o  l i m i t
lifting of children by teachers, an
i t e m  p l a c e m e n t a n d  c o u n t i n g  r e w a r d
system,  and a  name trace system  which
p r o v i d e d fe e d b a c k when a "pen"
r e m a i n e d on a pa t te r n of the
individual child's name.

In  a dd it i on  t o sp e ci fi c pr o je ct s th e
presence of the teams in the classroom
facilitated consulting opportunities
during which immediate solutions to
s o m e ne e d s we r e su g g e st e d , sma ll
r e p a i r s  m a d e , a n d  c o m p u t e r  s y s t e m s
installed and /or explained to on site
personnel.

Discussion

T h e c o m p l e t i o n of th e s e pr oj e ct s
p r o v i d e d a di r ec t be n ef i t to the
educational and ther apeutic goals of
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the  p re sch oo l and  s ch ool  s et tin gs  f or
which they were developed. In most
cas es they represented solutions to
needs that would not have been readily
met, if at all, without the direct
co nt ri bu ti on  o f th is  p ro gr am . It  i s
noteworthy that the projects requested
by t e a c h e r s and t h e r a p i s t s , and
i m p l e m e n t e d in th i s pr o g r a m , ar e
gener ally not very demanding from a
tec hn olo gi cal  p ers pe cti ve  an d are  n ot
rel at ed to computers. One possible
expl anat ion f o r  t h i s  i s that at the
ini tia ti on of th e p roj ec t t her e was  a
bui lt  u p de man d fo r re la tiv el y si mp le
t h i n g s b e c a u s e of t h e in a d e q u a t e
t e c h n i c a l r e s o u r c e s pr e v i o u s l y
available. I t  m a y  a l s o  b e  t h a t  t h e
t e a c h e r s an d t h e r a p i s t s ar e not
pre pa red  b y t ra ini ng  or  e xpe ri enc e to
def ine more complex needs, or that
some of these needs are being met from
oth er re sou rce s. In ei th er  c as e, as
the  pr og ram  pr og res ses  i t m ay be  th at
mor e com pl ex ne eds  w ill  b e i de nti fi ed
as s i m p l e r ne ed s ar e met and
a p p r e c i a t i o n of te c h n o l o g y is
enhanced.

In addition to  m e et i n g clear needs,
th e  br o a de r  ob j e ct i v e of influencing
the training and career orientation of
t h e  p a r t i c i p a t i n g  u n d e r g r a d u a t e s  i s
mor e d if fic ult  t o a sse ss  in  th e sho rt
term. Ho we v er  t h e e xp er i en c e of  on e
partic ipant is  e vi d e n ce  o f  t h e  va l u e
of this kind  of program. This student
b e g a n p a r t i c i p a t i n g as a se n io r
ed uc at io n ma jo r, an d  th e n  be c a m e o n e
of th e s up erv is ing  g rad ua te st ude nt s.
I n  t h a t ca pa ci t y sh e played a m aj o r
lia iso n r ole  wi th th e s cho ol dis tri ct
th er e by  g a in in g br oa d ex pe ri en ce  i n
c l a s s r o o m n e e d s and te c h n o l o g i c a l
approaches. she can be expected to
car ry  th es e e xp eri en ces  i nto  t he re st
of her graduate education and teaching

career.

The  a ddi ti ona l obj ec tiv e of pr ovi di ng
a m od el fo r d up lic at ion  e lse wh ere  h as
been achieved by clearly demonstrating
that undergr aduate design teams can
prov ide a valuable resource in the
special education and therapy setting.
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COMPREHENSIVE TRAINING ON ASSISTIVE TECHNOLOGY:
A FUNCTIONAL STUDENT- CENTERED APPROACH

Elizabeth A. Lahm
Center for Special Education Technology
The Council for Exceptional Children

Reston, VA 22091

ABSTRACT

In response to an expressed need
of trainers, the Center for Special
Education Technology developed a
comprehensive outline of assistive
technology applications for school -
age children. The result of the
Center's efforts is a dynamic
curriculum outline that provides an
alternative approach to technology -
specific training. The student is
the focus and the technology is
presented as one potential solution
for providing better access to
instruction in schools. After
extensive input from experienced
trainers and experts in assistive
technology utilization, the Center
offers this outline as a resource
to the special education technology
field.

BACKGROUND

Technology, in its many facets, is
rapidly coming to permeate today's
educational settings, not the least
of which are the special education
classrooms. Assistive technology,
and all that it implies, is quickly
moving into these classrooms
because it provides access to
instruction to many students with
disabilities. These students can
access, maintain, and improve their
functioning in learning, living,
work, and recreation environments
through the proper use of
technology.

In early 1989 the Center consulted
a group of assistive technology
experts who identified a need for
an outline to assist trainers in
comprehensive coverage of assistive
technology applications. They
cautioned that a curriculum must
not promote a "technology for
technology's sake" approach and
must be truly comprehensive in
nature. with those directives, the
development of this outline was
pursued.

15.3

The result of the Center's efforts
is a curriculum outline that
provides an alternative approach to
technology- specific training. The
student is the focus and the
technology is presented as one
potential solution for providing
better access to instruction in
schools. Functional tasks required
in the learning environment are the
framework for examining these
potential solutions. It is hoped
that this unique approach will
allow the trainer to think beyond
the standard technology solutions
and look closely at the capability
of the technology and match it with
the requirements of functional
tasks that a student cannot perform
without assistance.

OBJECTIVE

Although many school districts are
beginning to address the training
needs of their teachers and related
service personnel in the area of
assistive technology, the history
of the training has been relatively
short and patterns show a tendency
to focus on the technology rather
than the learner and often the
trainer lacks comprehensiveness.
The Center's objective was to
develop a curriculum designed for
trainers that addressed those two
concerns.

It was also recognized that
training is conducted following
many models, both at the pre- and
inservice levels. Consequently, it
became another objective to have
the outline be flexible enough to
meet the needs of a diverse group
of trainers.

METHOD /APPROACH

Center staff began the development
process by pulling together various
components that would be needed to
address the expressed needs for
comprehensiveness and learner -
based. The outline format was
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chosen to keep the curriculum
flexible enough to meet individual
trainer's needs. Resources and
references would serve to direct
individuals to needed content
information.

Two committees of experts
were identified to review the
initial draft, one committee with
expertise in assistive technology
and the other with expertise in
technology training. Audio
conferences were held with each
group to discuss the content of the
outline and the usefulness of the
format. Based on feedback from
these two groups, the curriculum
outline was revised.

A second round of audio conferences
were held with the revised draft.
When recommended changes were
incorporated into the document,
further field review was sought.

Two field review procedures were
pursued. Ten additional technology
and disability experts agreed to
review the manuscript. Their
feedback was received individually
in written form. Additionally,
trainers were invited to attend a
presentation of the curriculum
outline at a national conference,
providing interactive feedback from
a self - selected group of reviewers.
After final changes were made, the
curriculum outline was sent to
approximately 300 trainers and
service providers. Approximately
nine months later, feedback
questionnaires were sent to these
individuals soliciting information
about the usefulness of the
outline.

RESULTS

After extensive input from
experienced trainers and experts in
assistive technology utilization,
the Center offers this outline as a
resource to the special education
technology field. What follows are
the training modules of the
curriculum outline, organized by
functional educational tasks
required of students.

A Student - Centered Approach
Reading
Speaking
Writing /Manipulating
Seeing /Visual Processing
Hearing /Listening
Cognitive Processing
Multiple Disabilities
Implementation and Related Issues

Each training module addresses
student assessment, technologies
that provide potential solutions to
barriers or access to instruction,
and training references.

An extensive references and
resources section concludes the
curriculum to provide the trainer
with ample information sources for
developing a training program that
meets their needs. This section is
divided into the following:

Selected Readings
Selected Training Materials
Selected Curricula
Selected Newsletters /Journals
Directories of Database

Information

DISCUSSION

Once all field feedback information
is in and reviewed, the Center
plans to revise the outline one
more time. It is anticipated that
this will occur during the summer
of 1991. Interested technology
trainers can contact the Center for
information about its availability.
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Toward a Switch -Smart GUI

Charles Silverman, M.Ed., Anne - Patrice Hickey, Ph.D.
CAST, Inc.

(Center for Applied Special Technology)

A b s t r a c t

Many present single- switch sof twa re
and hard ware solutions fall short of
off eri ng the comprehens i ve approach
that school -aged chil dren require in
order to receive a fully accessible and
equal education. This paper takes the
position that graphical user interfaces
(GUI's ) have the potentia l to offer the
most co mp re he ns iv e envi ronment for
single switch users and their teachers ,
both as a comprehens ive learning tool
and as an access solution.

T he P ro b l e m

Stu dents who requ ire single  - switch
solutions to access ing computers in the
classroom have a set of needs which are
qualita tively different than their able -
bodied peers. For the single - switch
user, the computer provides the sole
means of access to their curriculum.
Pa pe r, pe nci l , cr a y o n, and ev en
recreation should ideally be computer -
based as the goal is to enable the single
switch user to be active, interactive, and
independent partic ipant in all school -
based activities. For the student who
depends on a single switch in order to
control the computer, the computer has
the potentia l to become the equivalent
of an electronically smart desk.

Two levels of s ingle switch solutions
currently exis t. Sc a nni ng may be
ava il ab le thro u gh 1) a ded ic at ed
ap pl ic at io n or 2) a sys t em -wide
approach, impl emented eit her thro ugh
hardware or software (e.g., the Adaptive
Firmwa re Card, Handi -keys , Ke ni x) .
Each ap p ro a c h o f fe r s the us er
advantages and disadvantages .

Dedic ated ap p l i c at i o ns pres ent an
int e r f a c e that is i nt e gra t e d in
functionality and design. If the student
needs to select one of several objects on
the screen, those objects are scanned.
As such, dedicated applications have the
potentia l to be both int uit ive and
efficient. As a result, students can more
readily concentra te on the contents of
the ap p l i c a t i o n, ra t he r tha n the
mechanics of scanning.

While the dedicated scanning software
solution may be appealing, there is a
l i m i t e d n u m b e r o f s c a n n i n g
applications . The quality of these
applications is incons is tent with many
b e i ng in the p u b l i c d o ma i n .
Commerically available sca nni ng titles
are often copy - protected and unable to
run on a hard drive . Students us ing
copy - protected applications will require
a s s i s t a nc e in s w i t c h i n g d i s k s .
Ad di ti onal ly , the commerical ly -based
programs are produced by companies
which are focused on the disabili t ies
ma rk e t r a t h e r t ha n e d u c a t i o na l
software dev elo pme nt. Consequ ently,
they do not have in -house resources or
the necessary market base necessary to
de v e l o p c o ns i s t e nt , hi gh qu a li t y
p r o g ra ms .

System -based solutions offer the user
access to "real world" software , but are
frequently text based, and command -
line oriented. The s tudent 's ultimate
success in us ing this solution depends
on both the s tud ent and tea che r's
computer skills. In a systems -type
solution, such as the Adaptive Firmware
Card, the s tudent must be able to
associate the le tters presented in the
sca nni ng array cha rac ter line (which
sup er imp os es itse lf on top of the
program) with the actions required by
the software . Since a systems -based
solution is not aware of the application
it is running, the user has two choices:
1) sc a nni ng the co mp le te alphabet
array in order to make a limited number
of choices on a screen, or 2) editing the
s c a nni ng ar r a y s and ma k e them
appropriate to the software . Even with
shorter arrays , the scanning setup may
remain counter - intuitive in comparison
to dedicated software. For some students,
thes e cou nt er  -  intu it iv e , characte r -
based sca nni ng approaches may make
tasks much more difficult than having
direct contact with the objects in a
ma nne r cl o se r to what ded ica ted
software offers .

T o w a r d a " S w i t c h S m a r t "
A l t e r n a t i v e

The ideal solution is to combine features
of the systems -based approach and that
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of the dedicated scanning application
The bu il di ng blocks of a sc anning
interface exis t within a GUI. Cons ider
that the GUI is set up so that the (able -
bodi ed) user visually "s c ans " these
poss iblit ies and decides on a selection,
first by visually locating it , and then
phys ically, by mo vi ng a pointer over
t he o b j e c t , and s e l e c t i n g it .
Additionally, the user may want to drag
the object to another part of the screen.
Menu bars provide a means to access
program co mmands , and specia lized
tools are provided in the form of
floating windows. The primary action
in this envi ronment is po inti ng and
c l i c k i ng .

The s ingle switch environment is one of
sc a nni ng the avail able ac ti ons , and
making a selection. Buttons may be
hilighted, and text as well. A keyboard
representation lives in a screen window
which appe ars to be well - integrated
into the program. A smart scanning
env ironme nt implemented on a sys tem
level in a OUT environment should also
be awa re of pro gram obje cts (i . e . ,
bu tt ons , me nus , wi nd o ws , and text
fields ). This results in "switch smart"
a p p l i c a t i o ns .

Two recently devel oped app li cat io ns
will serve to illus tra te the potential of a
s wi t c h-  s ma r t , sy s t e m -b a se d e n v i -
ronment. Hy p e rS c re e n (Schol as tic) is
a graphical env iro nme nt based on the
Macintosh and HyperCard for the Apple
II series computer. As such, it offers a
p o i n t -  a n d  - c l i c k c o n s t r u c t i o n
env iro nme nt . Teac hers and s tud ents
can use H y p e r S c r e e n to prod uce
le ss o ns , re po r ts , and pres e nt a ti o ns ,
called stacks , with a multimedia flair.
Stacks cons is t of buttons and cards .
Buttons live on top of objects on a card.
The objects may be graphical or text -
based. By clicking on these "hot- spots"
the user moves from point to point,
look ing at informat io n, gra phi cs , and
lis tening to sounds , mus ic or voice.

Hy p e r S e re e n ' s de v el o p me nt incl ud ed
a co mmi tment to make this soft ware
available to s tudents who use s ingle
switches. In the scan mode, it identifies
the nu mb er of buttons on the screen,
and proceeds to highlight each one for
a set period of time. Scanning- related
features are available in the settings
dia log box. Single switch users are able
to na v i ga t e t hro u gh Hy p e rS c re e n
created stacks and teachers are able to
create software that is appropria te for
their s tudents .

Gat eway (Don Johns ton Developmental
Equipment Corp. /CAST) further illustr-
ates the concept of ma ki ng use of
exis ting features . This software is a
collection of you ng chil dren's stories .
Developed in H y p e r C a r d on the
Macintosh, Ga t e  -wa y provides teachers
and their students with a collection of
s t or ie s in an ac c es s ib l e fo rma t .
Standard H yp e r -C a rd buttons provide
navigational access between stories and
within stories . While the interface is
standard "po int and click" GUI, users
have access to a scanning mode. Under
this mode, buttons are hilighted as they
scan. The user presses a switch to make
a selection. In addition, text can be
highlighted and spoken. A Gateway
autho ring Templa te is a lso available ,
which provides a HyperCard template ,
necessary butt ons , and direc tions for
teacher creating stories .

In the two sof twa re exampl es cited
above, scanning does not interfere with
the inte rfa ce , but harnesses integral
features of the interface . Single switch
scanning is easily added to these GUI -
based programs. Sca nni ng menubars ,
buttons, text selection highl ight ing, and
the ability to locate and orga nize
the "s ca n-  a bl e" fe a t u r e s of an
application are all crit ica l if the single
switch user is to benefit from this
t e c h no l o gy .

S u m m a r y

Who should develop the switch -smart
system -level solutions? These solutions
ought to be the respons ibili ty of the
sys tem developers , in collaboration with
professionals in specia l education and
reha bil ita t ion te chno lo gy fie lds who
possess a comprehens ive unders tanding
of the problems, solutions and limi-
ta tions. With the adaptive features as
part of the operating sys tem, software
developers can then add "smart- switch"
info rmat ion to their programs. The
results would lead to a true electronic
des k, barrier -free e nv i ro nme nt for
students who use s ingle switches .
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Un d e r  a  c o n t r a c t  f r o m t h e  N a t i o n a l
C o u n c i l o n  D i s a b i l i t y , a  r e p o r t
f o r  n a t i o n a l d i s t r i b u t i o n  i s
b e i ng  p r e p a r e d  o n s i x t e e n  m o d e l ,
e x e m p l a r y  u n i v e r s i t y  a n d  c o l l e g e
p r o g ra m s  u s i n g  t e c hn o l o gy  a s
a  s u p p o r t s e r v i c e  w i t h  s t u d e n t s
w i t h  d i s a b i l i t i e s . T he  s t u d y
i s d i r e c t e d  a t  t h e  i m p a c t  o f
t h e s e  p r o g r a m s  w i t h i n  a n d  w i t h o u t
t h e i r  i n s t i t u t i o n s .

Met ho ds

T h e  p ro j e c t d i r e c t o r  i s c o nd u c t i ng
p e r s o n a l , o n  - s i t e  i n t e r v i e w s
a t e a c h  c e n t e r . Q u e s t i o ns a r e
d i r e c t e d  a t  a ) i m p a c t  o f  t h e
Pro gra m w i t h i n a nd  wi t ho u t t h e
u n i v e r s i t y , b ) r e l a t i o n s h i p
b e t w e e n  " ha rd " a nd  " s o f t "  m o ne y
a n d  i n s o m e  c a s e s , i n s t i t u t i o n a l
c o mmi t m e nt  wh e n o u t s i d e  f u nd i ng
c e a s e d , a n d  c ) a d v i s e  t o  o t h e r s
Who may want t o  s t a r t  u p  a  s i m i l a r
p ro gra m.

Re s u l t s

T h i s i s a  r e p o r t  - i n -  p r o gre s s .
H a l f  o f  t h e  s i t e s  h a v e  b e e n
v i s i t e d  a n d  i n t e r v i e w s co nd u c t e d .
T h e  m a j o r  f i n d i n g  i s t h a t  t h e
mo d e l  p ro gra ms fu n c t i o n  a s a
" C e n t e r  o f  E n e rg y , "  a  t e r m  c o i n e d
b y  D r . T r e n t  B a t s o n  o f  G a l l a u d e t
U n i v e r s i t y  t o  d e s c r i b e  h i s own
mo d e l  p ro gra m, o n e  o f  t h e s i x t e e n
u n d e r  c o n s i d e r a t i o n  i n  t h i s s t u d y .
T h e y  a re  " C e nt e r s  o f  E ne r gy , "
i n  t h a t , o f t e n  t o  t h e i r  o w n
s u r p r i s e , t h e i r  e n e rg y  i m p a c t e d
t h e i r  o w n  i n s t i t u t i o n  a n d  / o r
i m p a c t e d  e x t e r n a l  p a r t i e s :
D e p a r t m e n t  o f  Re h a b i l i t a t i o n ,
p a r e n t s , s c h o o l  d i s t r i c t s and
o t h e r c o l l e g e s a n d  u n i v e r s i t i e s .

O t h e r  f i n d i n g s : (1) T h e  i n i t i a l
c o n t r i b u t i o n  o f  t h e  u n i v e r s i t y
o r  c o l l e g e  w a s sp a c e . In s o me
c a s e s , t h e  i n s t i t u t i o n  p r o v i d e d
some e q u i p me nt  o r  p e r s o n ne l ,
b u t  i n  m o s t  c a s e s , t he  p r o gra ms

w e r e  s t a r t e d  o n  e x t e r n a l  f i n d i n g ,
and (2 ) t he " C e nt e r s  o f  Ene rg y "
we r e  mo s t  he l p fu l  a nd  c a nd i d
i n  d e v e l o p i ng  a  " r o a d  m a p "  fo r
o t h e r  i n s t i t u t i o n s  w h i c h  i n c l u d e d
p i t f a l l s , fu nd i ng  p ro b l e ms  a nd
su c c e s s e s t h a t  c o u l d  b e  r e p l i c a t e d
e l s e whe re .

D i s c u s s i o n

The pro grams d e a l t  wi t h  a  b r o a d
ra n ge  o f  t e c hn o l o g y  a p p l i c a t i o n s
f ro m v e r y  s o p h i s t i c a t e d  a nd  w e l l  -
eq u ip p ed , ma j o r , u r b a n  u n i v e r s i t i e s
a n d  c o l l e g e s t o  r u r a l , s i mp l y
e q u i p p e d  i n s t i t u t i o n s . Each
d e v e l o p e d  u nd e r  a  u ni q u e  s e t
o f  c i r c u m s t a n c e s  p e c u l i a r  t o
t he i n s t i t u t i o n , t h e l o c a l e ,
t h e  s t y l e  o f  t h e  f o u n d e r  a n d
t h e  a v a i l a b i l i t y  o f  o u t s i d e  f u n d i n g .

Because t he s e  p ro gra ms  we re
so  ne w, t he  u s u a l  c a s e  wa s t o
i n t e r v i e w  t h e  o r i g i n a l fo u nd e r
o f  t he  p ro gr a m , s o  a n  a c c u ra t e
hi s t o r i c a l  p e r s p e c t i v e  w a s  c a p t u re d .
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PERSONALIZED POWER WHEELCHAIR FOR A CEREBRAL- PALSIED ADOLESCENT

Theodore W. Cannon, Ph.D ., P.E.
So lar Energy Research I n s t i t u t e

ABS(RACT

The author has perso nal ized an Invacare
Arrow XT power wheelchair f o r hi s 18 -year
o ld , non - verbal, cerebral - palsied son. A
computer system co ns i s t i ng  o f an Apple I I c
computer wi th customized mi ni a ture
keyboard, DECtalk speech synthesi ze r ,
mi ni a ture pr i n t e r and four  -i nch CRT
monito r was i ns t a l l e d on the cha i r .
Add it i ona l amenit ies inc lude a
quick - release lap t r ay , f u l l l i g h t i ng
system, sto rage compartments, fo ld -up
u t i l i t y tab le , p u l l hi t c h and annunc i ato r .
A l l e l e c t r i c a l components are powered by
the  whee lcha i r ba t t e ry .

BACKGROUND

The ob jec ti ves o f the present work are
s i m i l a r  t o those o f a system developed
prev i ously by the author (1 ) : to provide a
means o f e l ec t r o n i c communication, to
provide an on -board computer ca pa b i l i t y ,
and to enhance the u t i l i t y , saf ety and
enjoyment o f the whee lcha ir . The new
system has been i ns t a l l e d on a 1990 -model
Invacare Arrow XT power wheelcha ir. Most
no teworthy o f improvements are development
o f  a  mi ni a ture keyboard f o r  t he  A pp le I I c
computer, improvements i n the
communications so f tware and development o f
a t i l t i n g u t i l i t y tab le . S i g ni f i ca nt
improvements were made in mechani cal and
e le c t ro n i c co ns t ruc t i o n techniques to
improve appearance and increase
r e l i a b i l i t y and ease o f access to a l l
components.

STATEMENT OF THE PROBLEM

The autho r ' s son, Al Cannon, has severe
athe to i d cerebra l pa lsy . He has
ess ent i a l ly no co nt ro l o f hi s vo lunta ry
r,:otor func t i o ns below the neck. Because
he has good head co n t ro l , he i s able to
dr i ve a power whee lcha ir , but the
whee lchair needed add i t i o na l equipment to
meet hi s communication, educa tio n, saf ety
and enter tai nment needs.

RATIONALE

The improvements descr ibed i n t h i s paper
a l lo w A l to  communica te  e lec tro ni ca l ly and
run var io us computer programs by means o f

16.1

keyboard ent ry usi ng a heads ti c k.
Add i t io na l f eatures were added to make the
chai r mo re f unc t i o na l fo r him and hi s
at tendants .

DESIGN

This sect io n descri bes the var io us
components o f the perso nal ized power
whee lcha ir .

Computer
An Apple I I c computer was i ns t a l l e d i n a
compartment i n the rear sec ti o n o f the
whee lcha ir . This pa r t i c ul a r computer was
chosen because i t can run the ub i qui t o us
Apple I I so f tware and can run on ba t te ry
power. The Apple I I c has a 40- column
mode, essent i a l f o r rea da b i l i t y on the
fo ur  -i nch mo ni to r . The computer has two
se r i a l po rt s which are used i n t h i s
app l i c a t i o n fo r speech synthes ize r and
pr i n t e r outputs respec t i ve ly . This
computer can s t i l l be purchased used a t a
reasonable pr i ce . Access to the 5 1/4 -inch
d i sk  d r i ve i s provided by a smal l door i n
the s i d e  o f  t he computer compartment. The
computer i s mounted on a drawer which
s l i des i n and o ut , a l lo wi ng access to the
computer's connecto rs and fo r se rv i c i ng .

M i ni a ture keyboard
The regula r Apple I I c keyboard was
replaced by a remote, mi ni a ture
(2 /3- scale) keyboard mounted d i r e c t l y i n
f ro nt o f the operato r on a sma l l ,
ad jus ta b le  - t i l t t ab le . The keyboard
housing i s 8 3/4- i nches wide, s i x- i nches
hi gh and two - inches deep. The keys are  on
ha lf  -i nch cente rs (vs . 3/4 -inch f o r the
normal keyboard). The date and time are
co nti nuo usly displayed v i a small
e le c t ro n i c clocks mounted immediately
above the key area.

The  mi ni a ture keyboard no t only reduces
the o ver a l l space required , but reduces
the o vera l l range o f  mot ion and di stance
between keys, s i g n i f i c a n t advantages to
one hav ing good co nt ro l but l i m i t ed range
o f heads ti ck movement. The caps lo ck,
s h i f t , co nt ro l , and open- and closed -Apple
keys are a l l e l ec t r o n i c a l ly  t o g g l ed ; a l l
but  t he s h i f t key auto mati ca l ly to gg le  o f f
a f t e r a subsequent ent ry . I nd i ca to r lamps
show the s ta tus  o f  t hese f i ve keys.
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The keys  whi ch are most f requent ly used i n
the communications program are dup l i ca ted
on a row immediately above the numer ical
keys.

Bo th the space and re t urn keys are
dup l i ca ted by la rge , ve rt i ca l ly - mounted
keys a t the r i g h t si de o f  t he keyboard.
These two keys are ea s i ly accessed by
sideways  motion o f  t he heads t i c k. Bo th
aud i b le and o p t i c a l feedback ind ica te  when
an en t r y has been made. To lessen damage
to the computer keybo ard's decoder
c i r c u i t r y by s t a t i c e l e c t r i c i t y , the
keyboard c i r c u i t r y i s e l e c t r i c a l l y
i so la t ed from the computer by use o f
o p to i so la t o rs and power i s supp l i ed to  the
keyboard us i ng an i so la ted , DC -DC
co nver te r ; t he re i s no common e l e c t r i c a l
ground between the keyboard and computer.

Printer  and monitor
A small p r i n t e r (Impact P r i nt e r I I ) can be
mounted on the lap t r ay . P r i n t speed i s
about 33 l i ne s o f 32 characters per l i ne
per  mi nute on 2 1/2 - inch adding machine
paper. P r i n t i ng i s espe c i a l ly he lp f u l
when the synthes ized speech canno t be
understood or f o r making hard copy o f
messages o r ideas.

The fo ur - inch CRT moni to r has adequate
re so lu t i o n to be readable wi th the
computer i n 40- column mode. I t i s no t
necessary to use the moni to r wi th the
communication program.

Speech synthes i ze r
The DECtalk speech synthesi ze r was chosen
f o r i t s exc e l l en t speech qua l i t y . The
po r tab le , battery - powered model was chosen
f o r t h i s app l i ca t i o n. I n add i t i o n to
bei ng smal l i n s i ze , i t has a power sav ing
f ea ture which he lps to  extend ba t te ry l i f e
by shu t t i ng down some of the
power- intens ive c i rc ui t r y  when i t i s no t
speaking. The DECtalk is mounted d i r e c t l y
under the seat and i s powered from the
whee lcha i r ba t t e ry . A loudspeaker i s
mounted d i r e c t l y behind the o pera to r ' s
head.

The COKES augmentative communicat i o n
system - -
A BASIC computer program ca l l ed
Communication by Keyboard Entry System
(COKES) was  wr i t t en by  the autho r several
years ago (2 ,3 ) . This program inco rpo ra tes
a si mp le but adequate t e x t ed i t o r ; t he
user can compose te x t e i t he r  b y co de  ent ry
o r  d i r e c t sp e l l i ng . The words are echoed
by the synthes i ze r as they are ente red .
The e n t i r e te x t can be spoken and, i f

des i red , p r i nted on command. Codes, words
o r  t he en t i r e te x t can be de le ted as
des i red . Norma lly, the one -to  -three d i g i t
(o r more i n a few cases) codes are ente red
fo llowed by pressi ng the spacebar. An
a t t en t i o n ge t te r fea ture al lo ws 26 words
commonly used f o r so c i a l i za t i o n ( i . e .
he l l o , I want t o  t a l k to you) to be spoken
immediately upon a s i ng le key  e nt ry ; these
words are no t entered i n to the t e x t .
Coded words can eas i ly be added o r  de le ted
f rom the COKES program us ing the BASIC
ed i t o r .

Li ght i ng system
A wheelcha ir l i g h t i ng system i s essent i a l
f o r  t he  s a f e opera ti on o f  t he cha i r under
reduced l i g h t i ng co nd i t i o ns . The l i g h t i ng
system co ns is t s o f r i g h t and l e f t
head l i ghts , s i d e l i gh t s and t a i l l i g h t s ,
making the cha i r v i s i b l e from a l l
d i re c t i o ns  w hi le pro v i d i ng l i g h t  f o r the
pa th ahead. A d d i t i o na l ly , a pa i r o f
l i g h t s has been i ns t a l l e d near the t i e
down eye bo lt so  tha t i t i s easy  to  see  to
lo ca te the  cha i r immediately abo ve  the  t i e
down rod on the f l o o r  o f the van under
subdued l i gh t i ng  c o nd i t i o ns .

U t i l i t i e s
Several u t i l i t i e s have been added to the
cha i r .

A quick - release t ray was fabr i ca ted from
ha lf  -i nch thi ck po lycarbona te. The t ray
snaps i nto po s i t i o n i n f r o n t  o f  t he seat
and i s  e as i l y released by si multaneously
pu l l i ng  o u t a spring- loaded p i n o n each
s i de  o f the  t r ay .

A 15.74 -inch hi gh, 11.81 -inch wide,
7.87 -inch deep compression molded,
f i be rg la ss , wa te r t i ght cab ine t was
i ns t a l l e d behind the sea t . This cab ine t
i s used f o r general sto rage and sto rage o f
the keyboard, p r i n t e r and monito r when
they are no t i n use. An add i t i o na l open
sto rage space immediately ahead o f the
cab ine t i s provided f o r schoo l books,
message book and o ther i tems.

A f o ld i ng ut i l i t y  t ab le  w as  mo unted  o n the
o uts i de  o f  t he  s to rage  cab i ne t door and i s
use f ul f o r ho ld i ng ca f e t e r i a t rays and
food, med ic i ne  and  d r ink co nta ine rs . This
tab le i s always fo lded f l a t aga ins t the
cabi net  doo r when the cha i r is mo ving.

The  annunc iato r i s used to ind i ca ted when
there ar e  wr i t t e n messages f o r a teacher
o r parents . The annunci a to r lamp i s
turned  o n and f lashes  s lo wly i f the re i s  a
message i n the message book. The
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annunc i a to r  a lso buzzes every 25 minutes
un t i l the l i g h t i s  ext i ngui shed .

The p u l l h i t c h i s used to at tach wagons
and  to ys to  t he whee lcha ir . Al enjoys
p u l l i ng people i n a wagon. The hi t c h
could also be used t o  p u l l a grocery ca r t .

DEVELOPMENT

The development o f the equipment and
so f tware descr ibed i n t h i s paper  has taken
place over an appro ximately four -year
per iod from 1986 to 1990 and w i l l
co nt inue , making use o f improved
techno logy  as resources become ava i lab le .

This wo rk was done so l e ly by the author
and us ing the autho r ' s own funds and
reso urces with the goal o f he l p i ng  A l, and
po ss i b ly  o thers , overcome very d i f f i c u l t
obs tacles imposed by severe cerebra l
pa lsy . This  wo rk demo nst rates what can be
done to he lp the handicapped by
app l i c a t i o n o f sound engi neer ing prac t i ces
and hi gh techno lo gy.

EVALUATION

Evaluat io n o f  t he equipment i s an ongoing
process bo th a t home and a t  A l ' s schoo l.
The computer and augmentative speech
components have proven to be o f grea t
value i n g i v i ng him freedom o f speech and
access t o  a l l Apple I I programs fo r hi s
ente rta i nment and educat ion . The cha i r
can be  d ri ven sa f e ly a t ni gh t usi ng the
l i g h t i ng system, and the o ther components
have proven to be invalueable enhancements
to  t he  whee lcha i r .

DISCUSSION

Augmentative Communication and Computer
Access
Al has communicated most o f hi s l i f e us ing
the ETRAN -N system (4 ) ; he has memorized
the codes f o r several hundred words and
learned to used these codes wi th hi s
teachers and family members wi th a hi gh
degree  o f  e f f ec t i veness . This system has
the  di sadvantage o f req ui r i ng  t he l i s t e ne r
to  e i t he r know the codes or have access to
a code l i s t . Using the computerized COKES
system (descri bed above), he i s ab le to
speak with anyone near the  whee lcha i r . We
have found the combination o f ETRAN -N and
COKES to be very e f f e c t i v e ; ETRAN -N fo r
use o uts i de  o f the wheelchai r o r when the
computer i s no t opera ti o na l and COKES fo r
use f rom the cha i r .

Having the computer i ns t a l l e d i n the
whee lcha ir is  co nveni ent f o r  a l l computer
app l i c a t i o ns i n add i t i o n to
communications. Learni ng programs, games
and o ther programs can eas i ly be loaded
i n to  t he computer. When the ca p a b i l i t i e s
o f  t he on -board p r i n t e r and moni to r are
l i m i t i ng , the cab les can be reco nnected  to
a regula r of f  -board pr i n t e r o r  mo ni to r .
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A User Survey on Backup Power for Powered Wheelchairs

James H. Aylor Hyuk Byun James J. Kauzlarich

University of Virginia Rehabilitation Engineering Center

Charlottesville, Virginia 22903

Abs tract

One of  t h e most important components o f  a
powered wheelchair is the batteries. The
problem, however, is  that the component most
frequently  requiring repair is  also the batteries.
This paper presents a portion of the results  of a
survey developed and administered by the
University of Virginia Rehabilitation Engineering
Center. The survey attempted to obtain more
detailed information on the type of problems
encountered with battery failure. Additional
information was also requested that can be used
to help the UVa REC and others design systems
that would make more efficient use of the
powered wheelchair battery system.

Backg round

One of  t h e most important components of
a

powered wheelchair is  the batteries. Without a
sufficient and reliable source of power, powered
wheelchair users loose their mobility. Numerous
surveys have indicated, however, that the
batter ies are also  the compon ent requirin g the
most frequent repair or replacement [1]. For
example,  for th e survey repor ted on in  [1]. 71
percen t of t he res ponden ts rep orted that they
have had problems with their batteries. The next
highest problem component was the tires,
although only 47 p ercent reported to  have had
problems with the tires.

Very few advances have taken place in  battery
technology and technology supporting the care
and maintenance of the batteries for the powered
wheelchair. The predominate battery technology
is still lead acid. Numerous battery chargers still
tend to  overcharge and battery monitors are not
very accurate. In  addition, the average powered
wheelchair user is not well informed of the proper
maintenance habits to  insure maximum battery
lifetime. Because of these issues, users
experience premature battery failure and become
stranded unnecessarily .

Technology is available to help this problem.
Available energy can be efficiently managed with
better capacity  monitors and battery lifetime can
be extended with properly charging electronics.
More effective user feedback from the usage and
charging process can improve the situation
significantly . The main problem is to determine
the actual needs and desires of the user
community.

Objective

A survey of adult powered wheelchair users was
conducted to  ascertain  the problem s that they
had experienced with batteries and supporting
technologies such as monitors and chargers. The
overall objective was to  obtain information that
could be used to guide the various research
efforts in progress and to encourage funding
agencies to support more research.

Method /Approach

The survey contained approximately 20
questions. Several questions were included that
obtained information on the type of wheelchair
used, frequency of use, and type of use (indoors,
outdoors,ramps,etc.). Specific questions on the
batteries were: (1) how often did they fail, (2) type
of battery used, and (3) the recharge habits of the
user. Battery condition meters were also covered
In the survey. Finally, the users were surveyed as
to their opinions on wh eth er or not backup
(reserve) power available during operation is  a
necessity. Backup power concerns the ability  to
provide enough power when stranded due to  a
low battery charge condition, and to  be able to
travel to  a location where help is  available.

Res ul ts

Approximately 308 surveys were mailed. To date,
56 surveys have been returned. A sample of the
results is  a s follows. The respondents had a
mean  u sage  t im e of  4 .04 y ea rs  and  a  m ed ian
usage time of 4 years. Most of their usage was
indoors, paved outdoor areas and ramps. There

Battery Recharging Frequency

Figure 1.
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was also some usage on off pavement surfaces,
hills and public transportation. The survey
indicated that people use their chairs for an
average of 11.8 hours per day. Most respondents
charge their batteries nightly and 91.84% of
them recharge their b atteries fully  each  time.
Although not a daily  requirement, people with
wet batteries regard adding water as a real chore.
On the average, water is  added once every three
months. Most people surveyed wanted
maintenance -free batteries or a way to  tell when
and how much water was to be added.

The major improvement that the people wanted
in battery technology was longer life per charge.
Presently , a bat tery is  charged  on the average
once every 1.16 days. The median value is  one
charge per day (Figure 1). As shown in Figure 2,
86.270

/a of the people surveyed wanted greater
capacity  bu t only 65.31% would accept larger
size bat teries t o  attain  that ex tra performance
(Figure 3). People who did not want the larger size
battery indicated weight and size as their main
concern.
Concerning the issue of  back up  power, most
powered wheelchair users surveyed seemed to
view it as a necessary part of the battery power
system. On the average, the users of the power
wheelchair are stranded 4.15 times per year due
to the lack of power. As shown in Figure 4,
66.67% of the respondents desire some form of
backup power. Most of them want an auxiliary
power source which will provide enough energy
to reach a telephone or other means of help when
they become stranded. A possible solution could
be to  avoid the situation where power runs out
through the use of a battery meter. However, the
survey shows that only 57.41% of the power
wheelchair owners have a battery meter.

Of th e ma jor issues ad dress ed b y the  survey,
users of the powered wheelchair want less
maintenance of their battery, longer time of

People Wanting Greater Capacity

Figure 2.

People Willing to Accept Increase Size
and Weight for Performance

YES
65.31%

N O
34.69`0

Figure 3.

operation between charges and backup power.
However, a fair number of people seemed to
indicate backup power as a much needed
feature. They feel that this feature will allow them
to reach help when power fails on their
wheelchair thus giving them an added feature of
security .

Dis cu s s io n

Although the answers to most of the questions
were not surprising, exact statistics on some of
the issues can be of use. People do get stranded,
but it was surprising to the extent (64 percent of
the respondents had been stranded). Because of
this fact, mos t of  th e re spo nd en ts feel th at  a
backup power source or energy management
strategy is needed. Costly  batteries are b eing
replaced often. In  addition, people tend to  want
more capacity and are willing to accept the
necessary increase in size and weight. Most
people are receiving information on proper

People Wanting a Backup Power Source

Figure 4.
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maintenance and are, In  general, following the
Instructions. Monitors  are  not  being u sed to  a
great extent and are often considered unreliable
and inaccurate.

The overall conclusion that can be drawn from
the survey is that research efforts would be
useful in the area of batteries and energy
management. Battery technolo gy that exhibits
higher energy d ensity  and Increased discharge
cycles must be pursued. Technologies in the
areas of monitoring and charging for the
wheelchair application should be pursued.
Advances in these areas would be greatly
appreciated by the community
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STRUCTURAL RELIABILITY ASSESSMENT TECHNIQUES APPLIED TO TUBULAR WHEELCHAIR FRAMES 1 6 `3

J.D.  Baldwin and  J.G . T hac ker
Univers ity o f Virginia Rehab ilitat io n Engineering Center

Charlottesville, VA 22903

Inlro auc tio n

The d es ign o f any engineering s ys tem is  s ub jec t  to
uncertainty in establishing the response of the system to its
sp ec ified inputs . T here are id e alizatio ns  in the go v erning
equations and, perhaps most significantly, there are
ap proximatio ns  in the value o f the req uired  input p arameters .
The mos t notab le example of uncertainty in design parameters
oc c urs  when we ad d res s  the is s ue o f metal fat igue. In the
current context, we speak of the uncertainty in the design of
a wheelc hair frame and  d is cus s  the tec hniq ues  available fo r
pred icting the ab ility o f the wheelchair frame to  perfo rm its
intend ed  func tio n as  a func tio n o f t ime. T he fund amental
co nflic t  b etween the familiar factor of so(ety tec hniq ue and
mo re mo d ern stat is t ical tec hniq ues  is illus trative o f ho w the
d es igner c an make a  mo re ratio nal s tat ement regard ing the

longevity of a struc ture.

Discussion

F o r man y year s ,  the  s tand ard  me tho d  o f guar d ing a gains t
structural failure consisted o f making the bes t est imates o f the
maximum stres s ac ting in the loaded s truc ture and co mp aring
them with a material property such as the yield strength. If
the maximum stres s did  no t exc eed  the yield strength, a factor

of safety, defined as

° (1)F.S. _ —
oy

gave some indic atio n o f the co nservatism of the design. Based
on exp erienc e, the d es igner wo uld  d etermine whethe r the
factor o f s afety was s ufficient for peac e o f mind. If the factor
o f s afe ty was  d ee med  to  b e to o  s mall,  the remed y might
involve increasing the size o f the crit ic al s truc tural memb er to
reduce the stress, reduce the maximum load that would be
allowed on the structure or select a structural material with a
higher yield strength.

The factor of safety is really a factor of ignorance. Because
we acknowledge (often tacitly) that we have imperfect
knowledge of the environment where structures will be used,
we provide for an additional margin to account for the
uncertainty. it is this arbitrary nature of the factor of safety
that makes  its use in des ign inappropriate when one is
attempting to make the best estimate possible of the survival
potential of a structure. The factor of safety's shortcomings
become particularly acute when the life of a structure acted
upon by fluctuating loads is considered. Any attempt to
rationally specify a fatigue factor of safety is impossible and
such factors will be completely arbitrary.

This paper is not intended to be a comprehensive description
of a fatigue design methodology based on statistical
considerations. We will, however, describe some of the
co nc ep t: necessary to imp lement such a design strategy
including rand om proc ess  lo ad mod els ,  p erturb ed  parameter

finite element analysis and statis tic al mo d els for material

properties.

Perturb ed  F inite Element Analyses

An imp ortant c ons id eratio n in performing a fat igue c alculation
is the effect of static stresses in the structure. For a structure
that vib rates abo ut its stat ic eq uilib rium po int suc h as a
wheelchair, the static stresses are due to the static load only.
In this context,  there will b e a s tat ist ic al variatio n of the s tat ic
stres ses  exp erienc ed  by a po p ulatio n of no minally id entic al
wheelc hairs  d ue to  variat io ns  in frame tub e c ro s s  sec tio nal
dimensio ns  and variatio ns  in the weight of the target  o ccupant
pop ulatio n. Co mp utatio nally p o werful finite element c o d es
can b e us ed  to  make es timates  o f the amount o f variat io n in
the static stress dis tribution in a wheelc hair frame due to  these

uncertainties.

For purp oses o f this discussion, we will as sume that the
do minant fac to rs  d riving the unc ertainty in the wheelc hair
frame stat ic stress distribution are occ upant weight, frame tube
inside and  o uts id e diameters and frame  tub e mo d ulus o f
elasticity. If thes e four parameters are ass umed  to b e rand om
variables describ ed  by a Normal d istributio n,  we c an estimate
their combined affeet on the static stresses acting in the
wheelchair frame in terms  o f the firs t  -o rd er T aylo r s eries

expansion III

n (2)

_

[
ass

o� dc, as

This  relat ionship s tates  that  if  we perturb  one o f the rando m
p arameters  an amo unt Ar ;, ho lding the o thers  at their mean
values,  c alc ulate the difference in the stat ic stres s relat ive to
the mean static stress (calculated with all parameters at their
mean value) and multiply by the standard deviation of the
perturbed p arameter, we can add up  the c ontributio ns of each
rand o m variab le to  es timate th e s tand ard  d ev iatio n o f the
static stress. In o rde r to calculate this value we need to
perfurm n +1 f inite element runs: one to establish the static
stres s es  and  o o e fo r eac h o f the rand o m p arameters . This
may s eem like a  great  d eal o f t ime to  s p end  c alc ula ting a
statis tic  that  has  tradit io nally b een neglec ted  from struc tural
analyses, but is in fact very easy to do once the finite element
mo d el has  been d eb ugged  and verified . It  is  o ur experienc e
t hat  f ar  mo r e  t i me  i s  s pe nt  de ve l o pi ng t he  o r i gi nal  mo de l  t han

i s  s pe n t  m aki n g t he  pe r t ur b e d val ue  c o mp ut a t i o nal  ana l ys e s .

As a n e xam pl e , t he fi nit e e l e me nt mo de l o f  a si ngl e  c r o s s
br ac e  po we r  whe e l c ha i r  f r ame  i s  s ho wn i n  Fi gu r e  1 . Thi s  1 7 9
no de  mo de l  r e q ui r e d s e ve r al  days  t o  c o ns t r uc t  a nd de bu g,  but

the  f i ve  r un5  nec e s s ar y t o  pe r f or m t he  c al c ul ati o n o f  Equat i o n
2  we r e  c o mp l e t e d i n ab o u t  o ne  h o u r  wi t h a P C - b as e d f i ni t e

element package. This is a good example of obtaining
important statistical information about a structure with

relatively little effort.
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Wheelchair Dynamics as a Random Process

The occupant loads acting on a wheelchair can be treated
rather easily as a random variable. The stresses in the frame
due to the wheelchair's dynamic response to uneven surfaces
are more difficult to characterize, and for this we will use the
language of the theory of random processes. A random
process can be described simplistically as the set of outcomes
of a repeated experiment; the process is random if we are not
able to predict the outcome of the experiment out any given
occasion. A simple example of a random process is the results
of several rolls of a fair die. We do not know beforehand
which side of the die will land face up, thus the outcome of
the experiment is not predictable except in a probabilistic
sense, i.e, a random event.

A very important class of random processes is the stationary,
narrow band Gaussian (or Normal) processes [2]. This
process is the most tractable mathematically and appears to be
a good approximation for a significant class of structural
problems. The requirement that the process be stationary
means that the random variable does not change its
probabilistic content as a function time. The narrow band
condition is met for structures having dominant vibration
frequencies in a  very narrow range, i.e. lightly clamped,
strongly resonant structures.

A well -known result of random process theory states that for
a stationary, narrow -band Gaussian random process with a
mean value of zero, the distribution of peaks of the random
variable versus time function is given by (lie Rayleigh
distribution, whose probability density is

f(S )
x= S ex - S (..1)

P2 2P2

where the parameter p  is  a stat ist ic al meas ure o f the rand o m
proc es s called  the mean squ are spectral d ensity.

Fo r the p urp o s es o f this  dis c uss io n, we will as s ume that the
d vnamic  s t res s  S  at any po int in the wheelc hair frame is
ad equately d es c rib ed  by a s tat ionary,  narro w -band Caus sian
rando m proc es s and  that the mean sq uare s pectral d ensity and
the d ominant freq uency of vibration have been exp erimentally
determured.

Fatigue Life Curve

A ver y s imp le  mo d el o f th e re s p o n s e o f a meta l to  fat igue
loading is the stress -based S -N curve [31which is desc ribed by
the eq uatio n

S = A (4)

N" '

where A and in are c urve fit  p arameters . The S  -N c urve is
defined b etween 103 cycles , where the s tress  is taken to be 09
times the material ult imate strength, and 106cycles,  where the
stres s  is  taken to  b e 0.5 t imes  the material ult imate s trength.
T he p arame ters  A an d  nr  are c ho s e n s o  that  the S -N curve
plo ts  as  a s traight line in lo g -lo g c o o rd inates . By mak ing
co rrec tio ns  to  the c urve at  106 cycles  acc ounting fo r surfac e
finish,  co mponent size, stress  concentrations and load  type,  we
can mod el ap pro ximately the fatigue res p onse of a wheelchair
frame.

The fatigue of metals has long been ]mown to be very random
in nature, showing far more scatter in the experimental data
than could be explained by experimental uncertainty alone. In
all attempt to re- introduce some of the random character of
fatigue into the single- valued S -N curve, we can assume, as a
first step, that the material ultimate strength is a random
variable that approximately obeys the Normal distribution.
Using the algebra of expectation [4], the equations relating A,
in, and S. can be randomized and a transformation of
variables performed to yield the distributional parameters for
A and nt. Thus by incorporating the known statistical nature
of the material ultimate strength in the model, the S -N curve
can be restated as probabilistic relationship between the
stresses acting in the wheelchair frame and the number of
cycles of stress to failure.

Combined Model and the Reliability Calculation

The c omputatio nal mo del for the reliab ility o f the wheelc hair
frame is  c omp os ed of the three elements des cribed abo ve: the
estimate of the statist ical variatio n of the mean stresses,  stating
the p ro b ab ility s truc ture o f the s tres s  p eaks  as  a Rayleigh
distribution and us ing the statistical S -N curve. The detailed
derivations of die resulting equations are provided in the
literature ([51,[61) and arc merely summarized here. The
Probability density function for the number of cycles to failure
is given by

where

z

f( N ) = n tN " '
2 n  ; , ,K '7 2 a�

i

_ �
1 - 1.0

V2 P

f z'-' exp( -z)dz
k 2/2 � 2

2 +  1
S2 m

2p2 2

The parameters a . and µA are the mean and standard
deviatio n, res pec tively o f the d is tributio n o f the S -N curve
parameter A; Se is the fatigue- correc ted end urance limit at  106
cycles [3].

These eq uations were d erived by ass uming that  onlyA s howed
signific ant variat io n with the ult ima te s tr ength and  th at  in
could be taken as a constant.

We no te that  the reliability o f the s tructure is d efined  as  the
prob ab ility that it  has -rot  failed  at so me future mis s io n time.
Using the pro bability dens ity func tion for the numb er o f cycles
to  failure, Equation 5,  we state the reliability func tion as

R(N) = jr t(N ' )dN ' (6)

N

Thus,  o nc e the p arameters  o f Equatio n 5 have been sp ec ified,
Equation 6 can be integrated  numeric ally to give the struc tural
reliab ility (p rob ab ility o f s urvival) at  any numb er o f s tres s
cycles.
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It should be noted that the reliability calculated by Equation
6 applies to only one point in the structure, Although no
method exists for assessing the reliability of a structural systent
using this fatigue analysis, we can employ this method easily
to predict the reliability of the several points in the wheelchair
frame that are deemed to be the most susceptible to fatigue
failures and thus have some idea of which structural detail will
control the frame lifetime. Due to the strongly random
character of the fatigue process, no method has been
developed to accurately predict the absolute value of the
reliability of a structural detail. It is felt, however that the
method outlined here provides it reasonable means of
predicting the relative merits of competing structural designs
with respect to reliability.

Conclusion

We have sketched the fundamental concepts of assessing the
reliability of a wheelchair frame experiencing fatigue under
random loading. Specifically, once the probability density
function of number of cycles to failure is established, the
reliability calculation is straightforward. The contrast bctwuen
the probabilistic design philosophy and the factor of safety
method should now be apparent. Whereas the factor of safety
method makes a rather arbitrary statement of the margin
between structural survival and failure, the probabilistic
method uses estimates of the scatter inherent in the design
parameters to establish a probability of survival. The factor of
safety method ignores any statistical variations; probabilistic
method makes use of the uncertainty and is therefore a more
rational approach to the design of wheelchair frames.
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Figure 1: Power Wheelchair Finite Element Model
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16.4 A Derivation of Turning Geometry and Turning Dynamics
for Racing Wheelchairs

Rory A. Cooper, and Kimberly Watanabe
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California State University, Sacramento

ABSTRACT

Turning geometry is important to
the design and analysis of racing
wheelchairs. Turning geometry
plays an important role in the
handling and stability of racing
wheelchairs. It is also important
from the pers pect ive of
efficiency, especially for track
racing where much of the time is
spent turning.This paper presents
a theoretical analysis of turning
geometry for three and four
wheeled racing wheelchairs.The
results of this analysis can be
used to study wheelchair
stability, and to reduce scuffing
by the front wheels while
turning.

Introduction

Three and four wheeled racing
wheelchairs are commonly used by
wheelchair racers. Both chairs have
their relative advantages and
disadvantages. Three wheeled chairs
are generally lighter, and more
responsive. Whereas four wheeled
chairs are more stable.A growing
number of studies are concerned with
describing factors affecting racing
wheelchair performance (Cooper,
1990) . Most studies focus on the
measurement of metabolic parameters
and athlete classification, while a
few focus on biomechanics and
wheelchair design. Despite racing
wheelchairs being quite popular
among persons with mobility
impairments little scientific effort
has been applied to their
design.Researchers at the University
of Vi rg i ni a Re h ab i l it a ti o n
Engineering Center have investigated
numerous aspects of standard
wheelchairs (Brubaker, 1988).
Recently a few studies have been
published dealing primarily with
racing wheelchair design (Cooper,
1990a,b, York & Kimura, 1987). This
investigation focused on wheelchair
turning geometry.

Res ear ch Ouest ion. Derive a
relationship between steering angle
and turning radius for racing
wheelchairs, and develop the
Ackerman steering geometry for
racing wheelchairs.

Methods

For racing wheelchairs, steering is
normally effected by changing the
heading of the front wheels through
the steering system (commonly a
lever attached to the front fork) .
At the speeds travelled while
wheelchair racing, there i s a simple
relationship between the direction
of motion of the wheelchair and the
steering lever angle, and the
turning behavior mainly depends on
the geometry of the steering
linkage.

Ackerman Steering Ge o me t ry . A
primary consideration in the design
of steering geometry is minimum tire
scrub during cornering. This
requires that during turning all
tires should be in pure rolling
without lateral sliding. Thus all
wheels should follow curved paths
with radii originating from a common
center, Figure 1.

The geometry describing the paths of
each wheel about the common center
establishes the desired relationship
between the steering angle of the
inside front wheel Si and of the

outside front wheel 80 (Wong, 1978).
From Figure 1, it can be
demonstrated that the steering
angles 8i and So should satisfy
equation (1).

cotSo - cotSi . B/L (1)

Where B The track of the
Wheelchair

L The wheelbase of the
wheelchair.

Equation (1) can be derived
graphically from Figure 1 as
follows: Draw a line from the
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midpoint of the front axles M to the
c e n t e r o n t h e i n s i d e r e a r w h e e l F .
Next lay out the steering angle for
the outside front wheel So from the
front axle. Line Do intersects line
MF at Q. Connect point Q with the
center of the inside front wheel C,
then angle LQCM is the Ackerman
steering angle of the inside front
wheel Si which satisfies equation

(1). Refering to Figure 1,

B/2 + e,

c o t 8 o - el ( 2 )

B/2 -e2
c 0 t 8 i s e l ( 3 )

and

2 e2

c 0 t80 - c 0 t 8 i m el ( 4 )

Be c a u s e t r i a n g l e AMAQ , and t r i a n g l e

AMCF a r e s i m i l a r ,

e l _ B/2

e2 L (5)

and

c o t 8 o - c o t 8 i = B / L ( 1 )

Turning Radius as a Function of
steerrna Geometry. When evaluating
the stability or performance of a
racing wheelchair, the relationships
between the steering angle, the
heading angle (with respect to the
center line of the road) and the
turning radius are all important. A
primary reason for this is that the
pilot controls the steering angle
and that the heading angle and
turning radius are factors in
sta bil ity an al ys i s. Fo r the
derivation of the relationships
between steering angle heading
angle, and turning radius refer to
F i g u r e 2 . T h e d e r i v a t i o n i s f o r a
three wheeled racing wheelchair, the
four wheeled case yields similar
results.

B

2

B

2

Fi g ur e  1 .  A c ke r ma n  s t ee r in g  g e om e tr y .
( B = t r a c k , L = w h e e l b a s e , 8 =  s t e e r ing  a n g le )

He ad i ng  An gl e  a s a F un cti on of

St e er i ng  An g le :

t a n a = a + B/2 => a + B/2 = tana(g)

Where c = Distance from the rear
axles along the centerline of the
chair to the center of turning
radius.

tans = L
a + B/2 (7)

tans = Ltana
C (g)

Th e r ef o r e

a(8) = tan 1(� �tan8�)
L (g)

Turning Radius as a Function of
Steering Angle:

sina = R => R(a) = sina
(10)

Therefore

R(8) = C
- 1sin  [  t an ( L  t a n s )  ]

(11)
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-T
'L

Figure 2. Description of the geometric relations
between steering angle(8),heading angle ( a), and
turning radius (R).

R e s u l t s

The results show that if the
steering angles of the front wheels
8i and 80.satisfy equation (1), then

by laying out the steering angles
from the front axles, the
intersection of the noncommon sides
(Q) will lie on a straight line
connecting the midpoint of the front
axles and the center of the inside
rear wheel. Equation (1) indicates
that the relationship between the
steering angles is nonlinear.
Ackerman steering geometry is
optimum in the sense that it
minimizes scuffing while turning.
The equations describing heading
angle, and turning radius are
functions of the racing wheelchair
dimensions, and the steering angle.
These results are important to the
analysis of wheelchair stability and
performance.Heading angle and
turning radius are both nonlinearly
dependent upon the heading angle.
D i s c u s s i o n

The relationships for Ackerman
steering for racing wheelchairs can
be used to evaluate steering
geometries presently in use, and to
redesign racing wheelchair steering
geometry to minimize scuffing while
turning. This may be especially
important while track racing as
nearly half of every race is spent
turning. Perhaps performance could
be improved and incidence of injury
could be reduced through further
study of turning geometry.

The relationships between steering
angle, heading angle, and turning
radius present tools to further
pursue wheelchair stability from a
human /machine control system
perspective. The steering angle
could be used as in input and the
heading angle and turning radius
would be outputs. Then the
wheelchair /pilot system could be
studied while performing various
turning maneuvers. Both heading
angle and turning radius are
critical stability variables
especially on irregular road
surfaces,
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OPTIMISING OF A CUSTOMISED SEATING SERVICE

Gilbert D. Logan & Peter J. Slattery
Royal Brisbane Hospital, Brisbane, Australia.

Abstract
Running a rehabilitation engineer-
ing centre providing customised
seating and mobility in a large
government- funded public teaching
hospital is described. Experiences
in various materials for seating
such as Matrix Seating System and
Foam -on -Ply are related. The
service travels to country areas.
Demand for services far exceeds
present capacity to produce
assistive devices. Optimising
performance of the service to
ensure best use of scarce
resources has been explored, i.e.
setting performance criteria on
required outcomes of a client's
customised seat and ensuring
client assessment data is in a
form usable for manufacture. Some
pitfalls to avoid in setting up a
service are related.

Background
A Rehabilitation Engineering
Centre has been operating at Royal
Children's Hospital for about ten
years. The service is a small part
of a large Department of Physical
Sciences providing bioengineering
and radiation physics services to
a group of hospitals. The service
commenced as a grant funded
project and developed informally
into a continuing service. The
majority of clients of the centre
have severe physical disability,
often with associated low level
i n t e l l e c t u a l f u n c t i o n i n g .
Customised seating and mobility
are the main requests for
assistance. The service also
undertakes tasks in design and
manufacture of special prostheses
and special aids for daily living.
The majority of clients live in
the heavily populated S.E. of the
state. The centre travels to 3
provincial cities annually.
Numerous other large population
centres have no access to rehabil-
itation engineering services. One
other agency provides similar
services for people registered as
suffering cerebral palsy. Few

16.5

commercial services exist. Our
centre can provide services to at
best, 160 clients per year; far
less than the demand.

Objective
A service which is understaffed
for the work demand placed on it
has to develop mechanisms to
optimise performance. This paper
relates our approach.

Method /Approach
Seat inserts are manufactured
using conventional Foam -On -Ply,
and the Matrix Seating System. We
used the Matrix Seating System
almost exclusively for a number of
years and found it versatile and
effective but not universally so.
The level of technical skill to
assemble it, frequent maintenance
and the time expended to adjust it
were impediments. Certainly Matrix
sheet material was easily adjusted
for growth and change of shape,
however modification of the
supporting exoskeleton was a major
task, particularly for seating
designed to accommodate severe
deformity. Matrix use was often
frustrated by problems such as
institution staff putting the
covers on upside down.

Lack of flexibility of the Matrix
material compared to polyurethane
foam meant that correct placement
of the person in the seat was
crucial to good seat performance.
Matrix had advantages in making
seating for hypotonic children and
for hospital in- patients such as
head injured and Guillain -Barre
Syndrome children. Symmetrical
seats could be made quickly and
provided for frequent adjustment
as the child's condition changed.

Foam -on -Ply is low technology but
it works. It has advantages of
using readily available, low cost
materials and requires a minimum
of equipment to work it. Complex
contours can be achievable by
building up thin sections.
Covering foam seats is best done
by an upholsterer. It is cost
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effective to send out items to be
covered than to add to the burden
of tasks. Small supportive frames
used for small Matrix seats became
a modular system for F -o -P as the
frames could be pre -cut and
assembled in a number of sizes to
which F -o -P seat, backrest and
headrest panels could be quickly
mounted after shaping. This form
of manufacture is quick and lends
itself to adjustment during the
fitting and at later assessments.

Many of our clients must wait for
up to  9 m onths  for  the star t of
manufacture of their seating
system. A constant problem was the
difficulty in making use of
information recorded at the
initial client assessment at the
manufacturing stage. We found that
the type of information gathered
or th e fo rm of  rec ordin g wa s of
little value when fitting the
client with a seating system.
Assessment data tended to have a
medical connotation and was
subjective and descriptive; the
information of interest to the
technical processes needed to be
objective and analytical.

A majo r pro blem faced  by u s has
been the establishing of criteria
by which the efficacy of the
seating system can be judged. Lack
of some guidelines here leaves the
door open for opportunists who are
never satisfied, to receive extra
attention to remedy a never - ending
list of problems. Certainly some
flexibility has to be exercised as
seating of difficult cases
involves trial and error. It is
important to come to an agreement
at the assessment stage of the
desired outcome of the seating
system for the client from say the
therapist's point of view and what
is practicable to achieve.

Discussion
Taking on one seating technology
to the exclus ion of  other s as a
solution to problems such as long
waiting lists for services or a
means of dealing with difficult
seating cases introduces risks.
There is no guarantee of success
with any seating system - failure
is inherent in the nature of the
problem. The initial enthusiasm of
staff to take on a new technology
as the answer to problems may give

false indication of its success.
We noticed in our use of the
Matrix system that our enthusiasm
did improve performance for a time
and swelled output. At the same
time the pool of work to be done
also increased as people curious
about the possible benefits of a
new technology clambered to
receive it. The new system did not
really change the status quo. Once
initial enthusiasm died down the
same backlog re- appeared.

Probably more important than the
technology is the position on  a
line between end -point limits of
total customisation and mass
production that a rehabilitation
engineering service strikes as a
trade -off between total client
satisfaction and efficiency of an
operation. Choosing the total
customisation end means much time
is spent solving the client's
problem by trial and error with
many attempts to achieve the
optimum solution. The mass
production end means that the
client has to fit into something
"off the shelf ", so that "near
enough is good enough ". Few
R.E.C.'s can afford the financial
or time impositions of total
customisation; R.E.C.'s should not
be in the business of mass
production. The balance point on
the total customisation - mass
production line must be chosen
with limits in mind as to the
standard of performance which the
service can supply. Achieving the
last 10% of performance may take
90% of the effort.

Some pitfalls encountered over
time are: -
1) An R.E.C. should be formally
set up and recognised by an agency
which will support requests for
funds and staff. Ad hoc arrange-
ments create suffering and hard-
ship when no one really owns you.
2) Taking on too much work with
resultant long supply times leads
to dissatisfaction of all parties
and tarnished reputations.
3) Ensure clients and their family
have realistic appreciation of
what is practicable to achieve.

Gil Logan, Dept. Physical Sciences
North Brisbane Hospitals Board,
R.B.H. Post Office, Queensland
Australia. 4029.
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A Comparison of Pulmonary Functions of wheelchair Racers in their
Racing and Standard wheelchairs

R o r y  A . Cooper,Ph.D.
Rehabilitation Engineering Program and Assistive Device Center

California State University, Sacramento

ABSTRACT

Wheelchair racers often sit in
their racing wheelchairs with
their knees closer to their
chests than in their standard
wheelchairs. It was hypothesized
that having their knees elevated
may reduce pulmonary functions
hindering racing performance.
Eleven trained male paraplegic
wheelchair racers performed SVC,
FVC and MVV pulmonary function
tests from their standard and
race chairs. A 2- tailed paired t-

test (a=0.05) was used to
determine whether the subjects
showed a significant difference
in pulmonary functions for the
two types of chairs.No
significant differences were
observed.

In t r o d uc t i o n

wheelchair racers often place their
knees closer to their chests while
in their racing wheelchairs than
they do while sitting in their
standard chairs (Ridgway et al,
1988) (Figure 1). By elevating their
knees wheelchair racers gain several
advantages. They are more stable
because they can support their trunk
with their legs when they lean
forward at the end of their stroke.
They have greater control of the
wheelchair because the
neurmuscularly uncontrollable
portion of their body is brought in
close to the portion of the body
over which they have control and
through the use of strapping they
are bound together. Manueverability
is also increased as the athlete's
body mass is centered more tightly
about the rear axles reducing
rotational moment of inertia.
However their may be some
physiological reasons for not
wanting to place the knees close to
the chest. Pulmonary function may be
decreased because the abdomen is
compressed, and the diaphragm may be
restricted. Blood flow and venous
return may be restricted due to
strapping and positioning.

Temperature regulation may be
reduced because of the restricted
airflow over portions of the body
which are neurologically intact.

A growing number of studies are
concerned with describing factors
affecting racing wheelchair
performance (Cooper, 1990). Most
studies focus on the measurement of
metabolic parameters and athlete
classification, while a few focus on
biomechanics and wheelchair design.
Burkett et al (1988) studied
peripheral blood flow of wheelchair
racers in their racing wheelchairs,
and found some restriction of blood
flow, but it was not statistically
significant. Presently, there are no
published reports on the affects of
elevating the knees on pulmonary
functions.

Research Ouestion. For this
investigation, it was hypothesized
that elevating the knees may affect
the pulmonary functions of trained
paraplegic wheelchair racers with
spinal cord injuries.

Methods

Subjects. Eleven male paraplegic
wheelchair racers with spinal cord
injuries gave informed consent and
participated in this study. All of
the athletes were well trained.Their
best 10K times within a month of the
tests ranged from 23 to 32 minutes
with an average of 27 minutes. The
average age of the subjects was 30.9
years, height was 173.8 centimeters,
and weight was 66.0 kilograms (Table
1). All of the subjects were free
from injury and illness at the time
of the study.

Protocol. Each subject performed
three slow vital capacity (SVC)
tests, three forced vital capacity
tests (FVC), and three maximal
voluntary ventilation (MVV) tests
while seated in their standard chair
and again in their race
chair.Therefore each subject
performed eighteen pulmonary
function tests. All of the tests
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were performed in the morning of the
same day. The order of the pulmonary
functions tests, and the order for
the type of chair was randomized.
However, for the convenience of the
subjects, all of the pulmonary
function tests for a given chair
were performed before transferring
into the subjects other chair.The
spirometry was performed using a
VACUMED 9 liter Dry Rolling Seal
Spirometer, and VACUMED spirometry
software. The spirometer was
calibrated with a three liter
syringe on the morning of each
test.Forced expiratory volume (FEV -
1), peak expiratory flow rate
(PEFR), and tidal volume (TV) were
automatically determined by the
software from the FVC, SVC, and MVV
tests.

Statistical A alvsis A two - tailed
paired t -test was used to determine
whether there was a statistically
significant ((x=0.05) difference in
the pulmonary functions for the
different positions of the two types
of chairs. The statistical analysis
was performed on a Macintosh SE 130
computer using StatView
software.Maximal values from each
test (SVC,FVC,MVV) and chair
(race,standard) were used in the
statistical analysis.

Res ul ts

The results of each athletes
pulmonary functions tests are
presented in Table 2. The spirometry
values listed are those which have
been found to be some of the best
indicators of pulmonary function
(FVC, FEV -1, FEV-1 /FVC, PEFR, SVC,
TV, MVV).All of the mean spirometry
values fall within normal ranges.
The mean MVV values for the race
chair (201.55111.08) and for the
standard chair (206.4519.06) are an
indication that the athletes are
well trained.

The results of the statistical
analysis indicate that there were no
significant ( a = 0.05)differences
between the pulmonary function tests
for the two chairs (Table 3). The
statistical analysis showed that
FVC and FEV -1 were least likely to
be different for the two chairs
(p =0.53 and p =0.64 respectively)
and, PEFR and TV were most likely to
be different for the two chairs
(p =0.07 and p =0.08 respectively).

Discussion

The results of this study indicate
that the body positions used by our
subjects in their racing wheelchairs
did not induce statistically
significant changes in their
pulmonary functions. This does not
necessarily indicate that body
position has no affect on pulmonary
function, but it does indicate that
body positions used by well- trained
wheelchair racers do not affect
pulmonary functions. This may be
because athletes adapt their seating
position to maximze their pulmonary,
metabolic, and biomechanical
efficiency (minimum entropy), albeit
this may be a lengthy trial and
error process.

Pulmonary functions may not be
altered because with spinal cord
injured subjects the muscles of the
abdomen may not be innervated. Some
athletes reported having better
balance in their racing wheelchairs
making it possible for them to use
their functional musculature more
effectively. Some athletes reported
that they could sit upright in their
racing .chair at the beginning of the
pulmonary function test and then
lean forward against their knees to
expell the air from the abdomen.
This may account for the increase in
PEFR and TV with racing
wheelchairs.Thus compression of the
abdomen due to body position ma beY

FVC FEV -1 FEV -1 /FVC PEFR SVC T V MVV
Paired

t value -0 . 65 0.48 0.95 -2 .03 -0 .71 -1 . 93 1.05

P r o b a b i l i t y 0.53 0 .64 0.36 0.07 0.49 0.08 0.32
(2

-

t a i l )

T ab l e  3 .  C o m par i so n  o f  pulm o na ry  f unc t i o ns  o f  sub jec t s  i n t he i r  rac i ng  whee lcha i rs

and  the i r  s t and ar d  w hee lcha i r s .
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compensated for by more effective
exhalation.
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Height
(Cm)

Weight
(K9)

Age
(yrs)

Mezr 173.8 66.0 30.9

Standard Deviation 10.4 6.4 6 I

Minimum 146.8 54.2 20

Maximum 186.7 74 85 41

Table 1. Description of the Subjects.

Ac k n ow l e dg e m en t s

Partial funding for research was
provided by Capitol Campaign Fund,
National Wheelchair Athletic
Association, and United States
Olympic Foundation.

Figural Illustration of  athletes'  positions In thei r wheelchai rs.

Subject FVC

race standard

FEV -1

race standard

FEV -1 /FVC

race standard

PEFR

race standard

SVc
race standard

1V

race standard

MVV

race standard

1 4.45 4.55 3.38 3.68 76 81 10.18 9.97 4.37 4.13 1.52 1.58 191 202

2 4.88 4.59 424 4.18 87 of 14.16 13.48 4.68 4.68 1.23 0.90 250 256

3 5.64 5.49 4,55 448 81 82 1205. 10.55 5.32 5.19 0.84 0.64 197 164

4 5.31 5.45 4.95 4.72 93 87 10.70 9.42 5.20 4.83 1.36 1.00 226 214

5 3.98 4.01 3.67 3.60 92 90 8.21 5.67 3.75 3.80 1.41 1.15 199 200

6 4.43 4.59 3.97 4.06 90 88 9.34 9.66 4.22 4.41 1.82 1,43 136 151

7 5.22 5.21 4.25 422 81 81 11,33 12.08 5.28 5.14 0.59 1.13 199 218

8 4.14 4.08 2..73 3.57 66 88 6.84 7.03 3.89 4.31 0.97 0.85 188 213

9 4.27 4.43 3.30 3.45 77 78 9.89 6.93 4.26 4.36 1.42 1.14 179 202

10 4.71 4.53 4.01 3.92 85 87 12.28 12.95 4.40 4.67 1.56 0.93 272 251

II 4.17 3.91 4.01 3.68 96 94 10.29 9.11 4.63 3.51 0.55 0.56 180 180

Mean 4.65 4.62 391 3.96 84.00 86.09 10.48 9.71 455 4.46 1.21 1.03 2o1.55 206.45
Std. Error 0.16 0.17 0.62 0.12 2.68 1.49 0.60 0.76 0.16 0.16 0.12 0.09 11.08 9.06

Table 2. Results of pulmonary function tests of wheelchair racers while in their standard wheelchairs and racing wheelchairs.
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1 6 . 7

A SECOND - GENERATION JOYSTICK  FOR PEOPLE DISABLED BY TREMOR

J a n t j e L. He nd ri k s , Mic ha el J .
N e w ma n La b o ra t o ry fo r

Me c ha n i c a l
Ma s s a c h u s e t t s

ABS TRACT

Rosen, No rma n L.J . Berube, Mi nd y L. Aisen
Bi o me c ha ni c s a nd Hu m a n Re ha b i l i t a t i o n

E n g i n e e r i n g D e p a r t m e n t
Ins t i t u t e of T e c hno l o gy

To improve the accuracy with which tremor -
disabled people control powered wheelchairs
and other ass is tive technology, a two- degree-
of- freedom joystick has been built which
incorporates viscous damp ing. Motivation for
des igning this device comes from positive
experimental results obtained with an earlier
vers ion, and from the need to improve upon it
in several respects. The des ign requirements
include smaller size , interchangeable grip, and
a fast -stop switch. Assembly of the second
generation device is nearly complete at this
writing. It apparently meets the stated
requirements and experimental evaluation of
its functional success will begin shortly.

PROBLEM DEFINITION

Tremor is the most common of involuntary
movement disorders , and is characterized by
rhythmic movement that occurs at rest or
during activity. Tremor can be caused by
benign familia l conditions , degenerative
neurological diseases such as Friedriech's
Ataxia , Parkinson's Disease or Multiple
Sclerosis, or from injury to the cerebellum or
brainstem. It effects an estimated 800,000
people in the U.S.

One clinical classification is known as
intention tremor. It occurs during
performance of voluntary motor tasks and is
reported to increase as the limb nears a target.

Many people affected by tremor are also
wheelchair users and have great difficulty
controlling the joystick of a powered
wheelchair_ Accurate control of wheelchair
speed and direction becomes imposs ible due to
the large amplitude oscilla tions produced by
t r e m o r .

DESIGN REQUIREMENTS FOR A DAMPED
JOYSTICK

A now - standard approach to reducing the
effect of tremor in wheelchair steering is
electronic fil tering, built into the wheelchair
controller. There are several arguments ,
however, for applying a mechanical damping
load at the  joys tick. The first is that the
cosmetic improv ement which results reducing
extraneous hand movement may be as
important as improved steering accuracy.
Second, the amount of electronic filtering
required for improved steering accuracy may

make wheelchair dynamics unacceptably slow.
Third, the interaction of tremor with the
joystick dead zone and mechanical limits can
introduce a do error in control of the chair
which may be difficult for the "driver" to
compensate for. Finally, if the tremor
mechanism involves reflex loop instabili ty, the
applied load may compensate the
neural /mechanical dynamics in such a way
that the tremor component of  mus cl e force is
re du ce d.

To obtain mechanical damping, a drag element
moving through a fluid is coupled to the
joystick handle. A prior RESNA presentation [1)
described an earlier design for such an unit
and presented positive experimented results on
its effectiveness. A US patent has been awarded
to MIT for the earlier design and commercial
licensees are being pursued.

To develop a satisfactory damped joystick,
several des ign considerations must be looked at
carefully. The most important is the presence
of differences among users. Along with the
differences among tremors , other human
factors introduce a wide range of varia tion.

To provide for individual differences in tremor,
it must be possible to adjust the damping. This
can be done by changing the size of  t he drag
element, or changing the moment arm through
which it acts.

Another difference amo ng people concerns
their preference and /or ability with respect to
prehens ion. To satisfy the variety of user
demands , several different grips should be
available. This means that attention must be
paid to the ease and speed with which grips
may be interchanged.

The presence of damping also means that in
emergency situations , the time necessary to
bring the joystick back into center position to
stop the wheelchair may be too long. To avoid
accidents, a means for stopping the motor
without delay must be added to the joys tick. The
fast -stop switch should be incorporated into the
grip to avoid requiring the user to coordinate
the use of his/her other hand or remove the
wheelchair - operating hand from the joystick.

Further, the size of the  j oys tick should be as
similar as possible to the size o f  a conventional
joystick. A larger one will not only impair the
aesthetics of the wheelchair but also create
clearance problems pass ing through doorways .

248 RESNA 14th ANN UAL  C O NFE R EN C E - KANSAS CI TY,  MO. 1 991



JOYSTICK  FOR TREMOR

Finally, with respect to case of manufacture,
the parts should be as easy as possible to
fabricate and assemble in quantity. Standard
components should be employed where
pos s ib le .

JOYSTICK DESIGN

This is the third des ign iteration of  the MIT
Damped Joystick, the second with adjus table
damping. It is meant to retain approximately
the same range of damping values as the
earlier design while improving on it with
respect to all the other design cons iderations
listed above. The centra l operational principle,
i.e. an extension of  t he shaft into a chamber of
highly viscous fluid remains the same. The
photographs at the end of the paper of  t he
nearly - completed unit will serve to illus tra te
the descriptive text.

The redesigned drag element now moves in a
basin filled with silicone grease having a
viscosity of 2,500,000 centis tokes. This is an
increase by a factor of 2.5 relative to .the
earlier unit and permitted a reduction on the
overall chamber from 4.5 to 3.5 in.

Changing the size of the drag element to
change the damping, must not result in a
change in the volume of the components in the
basin because of the incompressibili ty of the
fluid. As the damping is a function of  t he
length and the diameter of the drag element,
changing one of these results in a changing of
the damping. The influence of the length is
larger then the influence of the diameter, so

a

choice was made to provide adjustment by
moving a cylinder up and down a shaft. The
damping is the least when the bottom of  the
cylinder is flush with the shaft bottom, and
increases as the cylinder is advanced axially. A
hard stop limits the cylinder's travel. Moving
the cylinder up and down is accomplished by
rota ting the inner shaft, which acts as a lead
screw. To prevent rotation of the cylinder, it is
keyed to an outer shaft which is fixed in the
spherical- bearing and the grip. The inner
shaft (lead screw) is connected to a dial -
counter to give a reproducible setting. Locking
the dial- counter, which is accessible only
when the handle is removed, secures the drag
element setting.

In conventional fashion, the shaft angles are
transduced by means of two swing arms
connected to potentiometers . The entire
transducer unit is mounted on a lid, which seals
the bas in and supports the spherical - bearing.

The grip unit mates with a threaded disk. This
disk is shrink - fitted to the outer shaft and
supports the dial- counter. The grip unit is
screwed onto the disk via a knurled locking
r i n g .

To serve different grip needs, the decision was
made to offer three kinds, a round knob, a  T -
handle, and a pistol grip (shown in the
photographs). As stated above, each grip needs
a built -in fast -stop switch. To make electrical
contact between the grip unit and the
telephone -s tyle connector built into the
joystick cap, a subminiature phone plug and
jack are used. These contacts also orientate the
grip. The lid, the swing arms and the
potentiometers are covered with a PVC cap
which has a round hole to accommodate shaft
movement. A boot (not shown in the
photographs) is placed between the cap and the
disk to prevent the entrance of dirt and liquid
and to prevent user contact with the electrical
connectors and swing arms . The connector in
the cap provides electrical connection between
the wheelchair controller and the joystick.

FUT URE WO RK

At this writing, plans have been completed for
experimental evaluation of the new damped
joystick. Tes ting procedures will include a
video pursuit tracking task, a wheelchair
driving tes t, and uncons tra ined functional
driv ing trials .

The tracking task will present a rectangular
video target and a cross -hair response cursor.
The target moves randomly and the joystick
user is asked to follow the target by moving the
joystick. More details on this protocol are
available in reference 1. Objective measures of
tremor and voluntary tracking will be used to
determine the extent of performance
improvement as a function of damping level
and for comparison to performance with
undamped joys ticks .

The driving test will require the subject to
follow a curved path with a specified width (W)
and a le ngth (A). The subject will be asked to
complete the path as quick as possible, without
traveling outside its width. As the time(T) to
complete this task will be  modeled by Fitts law,
i.c.

T = k log2[A /2W]

If  a reasonable fit to the data is found, k will
provide a measure of re la tive ease of use of  the
damped joystick at different damping settings
and of undamped joysticks. Other mathematical
representa tions will also be tried.

Also in development is a four- degree -of-
freedom damped joystick. This joystick not only
measures and damps the two tilt movements ,
but also rota tion about the shaft axis and axial
translation of the handle . Apart from use as
assistive technology (i.e. control of powered
stand -up wheelchairs and environme ntal
control sys tems), it may also yield reverse spin-
off to the aircraft industry. The engine-
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induced air -frame vibrations in helicopters in
effect produce an externally - generated tre mor
in the pilot's hand. A 4 degree -of- freedom
damped joys tick might be used to avoid unstable
coupling of this vibration to control inputs .
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Phot o 1 - Assembled Joy s ti ck.

Pho to 2 - Joys tick with gr ip
r e m o v e d .

Pho to 3 - View of tr a ns d uc e r
e l e m e n t s .

Pho to 4 - Sha ft and dra g ele ment.
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16.8
SAFETY ASPECTS OF A USER CONTROL FOR A MOBILITY DEVICE

Larry Korba, G. Park

National Research Council of Canada, Autonomous Systems Laboratory
Ottawa, Ontario, Canada

Abstract The acoustic control system is quite flexible in its positioning
(due to the flexibility of the connecting hose). A problem that

Controls that operate any device form the user's access point to presented itself during testing of the concept was the sensitivity
the system. For the physically handicapped, these controls often of the device to external auditory noise. To rectify this problem,
must be placed for easy, speedy access. They must be reliable the microcontroller that is used for controlling the motor was also
since a failure could produce effects ranging from annoyance to employed to implement a sampling system to minimize the
harm. This paper describes the development of safety features for effects of external sounds using a subtraction and filtering tech -
a novel device designed as a control for a mobility device. niques (figure 2) (3).

Background

Different types of mobility devices have varied requirements for
their user interfaces. In some cases, off - the -shelf control switches
can be used directly (e.g. joysticks). In others, special controls
must be developed to accommodate features dictated by the needs
of the mobility device and the user. A vehicle called the "five -
wheel unicycle system" has been developed for use by those who
find difficulty in walking or standing (1). It provides highly
maneuverable locomotion for the user. "The basic design of the
five -wheel unicycle comprises a circular, outer frame which has
connected to it at least four stabilizing casters. One of the casters
is fixed, acting as a'rudder' for straight line travel. A turntable is
connected to the outer frame by a circular ball bearing race.
Centrally attached to the turntable is a motorized driving wheel,
motor controller, battery and the seat. To provide steering for the
vehicle, a steering hoop is connected to the outer frame by an
adjustable vertical bar. The user steers the chair by turning his or
her body to the desired direction of travel." (Quoted from 2.) A
microcontroller was used to provide the motor controller func-
tions (2). The speed of the wheelchair is controlled by pressing at
any pointalong a flexibleswitch that is attachedaround the inside
rim of the steering hoop. The original wheelchair used a single
pole, single throw switch to control the speed of the wheelchair.
Depressing the control ramped the motor speed to a preset
maximum. To give the user control over vehicle speed, an
analogue control device was developed. Initially, commercially
available devices were evaluated. New controls were developed
to meet the mechanical flexibility requirements of this applica-
tion. A number of different types of materials were used to
produce a flexible, variable resistance control. Conductive foam
was used as the restive element of a control that could be easily
applied to the inner curvature of the steering hoop. Although the
control was quite sensitive to user touch, it suffered problems
relating to calibration, degradation with age and complexity of
construction. An additional problem was the lack of fail -safe
operation. There was no way of differentiating between a switch
failure (i.e., a non -zero resistance across its terminals) and a user
command to turn the motor on.

Speaker Microphone

Filter

Signal
Generator Rubber Tube

Peak
Detector

Output

Figure 1. Acoustic switch concept..

The resulting system automatically adapts to changes in the tube
length, diameter and placement. It has high noise immunity.
Although the system performed adequately on the prototype,
there still remained the very significant problem of lack of safety.

StarLMonostable I - - - - -,

Del y  1

r

Emitter 4800 Hz

Clock
Flexible
Tubing

Microphone

Delays set on start up

Delay 2

Delay 3 1

OUTPUT

As an alternative to the resistive type of control, an acoustic type Ba nd P a s s
was developed. The concept of this system is illustrated in figure Filter
1. A rubber hose forms the acoustic path between a sound emitter S a mple & Hold
and a microphone. The amount of sound that passes from emitter
to microphone is determined by the quality of the acoustic
pathway between the two devices (or in this case, the degree of -
compression of the rubber tube). Measuring the change in sound Figure 2. Block diagram representing the signal processing
level at the output indicates the degree of tube compression. performed for the acoustic control.
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Objective

By examining the control's response (without shunt, figure 5), it
is clear that failure of the emitter, microphone, their associated
circuitry or wiring(i.e.,all defects that would cause zero detected
sound at the microphone), would be interpreted by the system as
a fully on command. Obviously when using this system to control
the speed of a wheelchair, this is an unacceptable situation. A
simple break in the wire connected to either the emitter or
microphone would cause the wheelchair to move forward at full
speed. Our objective then was to improve the performance of this
control so that faults in its components or wiring would be
recognized and the wheelchair would not operate.

Method

The situation here is somewhat analogous to using a normally
closed switch to control the speed of the motor (figure 3). When
the switch is closed, the motor is stopped, when it is open, the
motor moves at full speed. Considering. only the switch and its
wiring, there are a number fault conditions that can produce one
of two impedances at the connection to the controller (zero or
infinity). At the input to the controller it is impossible to
distinguish between a fault and regular operating conditions. To
improve this situation, a resistor R can be connected directly
across the switch connecting terminals. As shown in figure 4,
there are now three passible impedances at the control input of
the controller: zero, infinity or R. In normal operation, the
impedance changes between zero (switch closed) and R (switch
open). One possible error, a wire break, is indicated by an infinite
impedance. In this scheme, although faults in the wiring to the
switch can be detected, there is no direct way of detecting a short
circuit in the wiring or the integrity of the switch.

Connecting Wire

Control

E
F

Controller Mator

Impedance = 0 or

Figure 3. An analogous situation to the acoustic control is found
when using a normally closed switch to control a motor. If the
wire to the control breaks, the motor is always on.

R
Controller Motor

Impedance = 0, R or

edance Normal Error Condition
0

r

Switch Off Connecting wire short
R Switch On

-

Wire Open

Figure 4. By adding a resistor R and a means for detecting the
difference between three impedance levels, broken wires to the
switch can be detected (Shorts or faulty switches cannot be
detected).

In the case of the acoustic control, a similar principle can be
applied by adding an extra acoustic path between the emitter and
the microphone. Figure 5 illustrates the physical configuration. A
second flexible tube of a smaller diameter than the control tube
provides a second acoustic connection between the emitter and
the microphone. Theobjective hereis to provide a sound pathway
so that under normal operation, the microphone will always
receive some sound from the emitter. The acoustic shunt must be
protected from compression during thecontrol's normal use. For
the five -wheel unicycle, the lumen of the metal steering hoop
surrounding the user can be used as the pathway for this acoustic
shunt. With this arrangement, a number of faults can be detected.
The chart in figure 5 lists a number of faults and their measurable
effects. The acoustic shunt affects the operation of the acoustic
control by slightly narrowing the control's operating range. As
shown in figure 6, the maximum sound level received by the
microphone is lowered (no force condition) and the minimum
sound level is now not zero (full force condition).

For the five - wheeled unicycle, a single chip microcontroller
operates its single motor. The signal processing algorithm was
implemented on this microcontroller to provide the basic acoustic
control functions. To implement the test for control integrity in
the software, whenever the control is read its setting is compared
to a minimum threshold (1/2 of the Min value (figure 6), in this
case 0.09 Volts), the control is not operational and an error
message is indicated.

Speaker Control Tube Microphone

nd -Pas
Filter

Safety Shunt

Peak
Detector

Microcontroller A/D
Digital Input
Output Digital

Output Output

A/D In ut I User Control Error Condition
> Max Control Off

<Max, >Min Variable Control
<Min Faulty Emitter or Microphone or

Peak Detector or Amplifier or
Tube or A/D

Figure 5. The acoustic control with an added acoustic shunt for
fault detection. The table indicates conditions detectable by the
microcontroller. (Refer to figure 6 for values of Max and Min)

Discussion and Conclusions

The acoustic control is a viable option as acontrol device. It offers
a control that can be long, flexible tube. By using connecting
tubes of different diameters and rigidity, a wide range of control
pressure sensitivities can be accommodated. With the addition of
the acoustic shunt, the microcontroller can detect faults in differ -
ent elements of the control. Although some of the dynamic range
of the control is lost due to the sound that is passed through the
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shunt, this sacrifice is vital for satisfactory useof the control with
a mobility device, In the practical application of this safety
measure, a fitting that attaches to the emitter and channels some
of the sound to the safety shunt must be designed. No special
fitting is required at the microphone end. As well as passing the
sound through an additional external tube, another possible
arrangement is a flattened, malleable (copper) tube within the
lumen of the control tube. This would of course limit the
flexibilityof the acoustic control. Anotherpossibility for improved
safety design is provision of an electrical pathway between the
transmitter and the receiver. This connection, however may be
used only to ensure only the electrical connectivity between the
controller and the emitter and microphone, not their operation.

Key to thedevelopmentof thiscontrol device is the microcontrol-
ler. It provides the device with its automatic compensation for
control tube size or positioning changes, self testing and fault -
tolerant features. In this application, as in many consumer de-
vices, a microcontro11er is already used for other functions. The
control function requiresonlya smallportion of the microcontrol-
lees computing facilities (in this case, less than 10 %). Consid-
ering the unique benefits of the control, the relatively minor
additional hardware and software costs are well worthwhile.

Max--10-3

= 2
a
3
0

1
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Figure 6. Response of the acoustic control with and without safety shunt. The force was exerted over a 1 cm. diameter area at different
points along the tube to produce the average output in volts at the input to the A/D convenorof the microcontroller (vertical axis). TheshunCs
effect on the response of the control is a downward shift of its response and a plateau at the maximum force end (at 0.19 V.).
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1 7.1 T he Ef fec t  o f Co mmunic at io n Aid  Char ac teris t ic s  o n th e Inte rac tio n S kil ls  o f No ns p e aking
P ers o n s  and  T heir Ad ult  S p eaking P ar tners

S haro n L.  G lennen,  P h.D.
Ken ne d y In s ti tu te

Ba lt imo re ,  Ma r y la n d  US A

Ab s t r ac t

The p urpos e of this stud y was  to d etermine if features of high
tec hnology c ommunic atio n aid s wo uld  s ignific antly imp ro ve
co mmunic ative interac tio ns b etween nons peaking p ers ons
and their adult  s p eaking p artners . T he high tec hnology
communic atio n aid  features of (a) Bo th Printed  and  Sp eech
Output, (b) P rinted Output only, and (c) Sp eech Output only
were c ompared  against  each other, and agains t (d) a
simulated lo w tec hnology c ommunic ation aid  with no o utput.
The to tal numb er o f co mmunic ative mess ages  o f the ad ult
sp eaking p artners and  no ns p eaking p ers ons  were meas ured
to. determine if  there were any no tic eab le changes acro ss the
four c ommunication aid c ond it ions. Inadd ition,  mo de of
co mmunic ation fo r the no nsp eaking subjec ts was measured
acros s all four co nditions.

Ba c k g ro und

Since 1978 when high technology c ommunicatio n aids  were
commerc ially availab le for the firs t time,  nonsp eaking
perso ns  have b egun to  use them with inc reasing freq uenc y.
Considering the po pularity o f high tec hnolo gy
communic ation aid s, relat ively lit tle is kno wn ab out their
effect o n the interaction skills o f nonsp eaking pers ons.  To
date, the c ommunic ative interactio ns  of nons peaking
perso ns  using high techno lo gy c ommunication aid s have
been analyzed  in o nly fo ur stud ies  (Beukelman, et .al., 1984;
Buzolich & Wiemann,1988; Culp, 1982, and  Harris,  1982).
Between these four s tud ies,  a total o f nine high technology
co mmunic ation aid us ers  have b een des crib ed . Based upon
this limited d ata b ase, it is unkno wn whether high tec hnolo gy
co mmunication aids  p rod uc e imp ro ved  interactio ns  between
no ns peaking pers ons and their listeners when c ompared to
low technolo gy s ystems.

Res earc h Qu es tio n s

The purpos e o f this  study was to d etermine whether s ome
features  o f high tec hno lo gy co mmunicatio n aid s s ignific antly
changed the co mmunic atio n skills of nonsp eaking s ub jects
and their adult  s peaking p artners  when co mp ared to  eac h
other and to lo w tec hnolo gy c ommunication aids . T hese
features  were (a) Both Printed and Spo ken Outp ut, (b)
Printed Output Only,  (c) Spoken Output Only, and (d) No
Outp ut/Low Techno lo gy co mmunic ation aid  s imulation.
To tal numb er o f co mmunic ative mess ages  and  mod e of eac h
mes sage fo r b oth members of the interaction d yad  was
measured ac ro ss the fo ur c ommunic atio n aid  c onditions.

Research Me tho d

The interaction skills o f 12 no nspeaking subjec ts and their 12
adult  sp eaking partners were measured acros s eac h of fo ur
communic ation aid c ond it ions.  Each of the 12 dyads
interacted  across all four c onditions  for a to tal of 48 separate
interactions. The nonsp eaking pers ons who participated in
this study were 12 school age subjects who were proficient
Touc h T alker o r Light Talker us ers . T he s ubjects had b een
using their Touch Talker o r Light Talker co mmunication aids
from 8 months , to 2 years,  1 month before participating in this
study. At the time o f this study,  all o f the c ommunication

aids were equipped with Echo 11 synthesizers and a liquid
crystal display screen. Eight of the subjects accessed their
communicatio n aid s thro ugh d irect selectio n methods . T wo
subjects  us ed row /column scanning, and the remaining two
subjects used  directed scanning. The nons peaking subjects
ranged in age from 8 years to 21 years. The mean age was 15
years, 1 month. Receptive vo cabulary skills were measured
using the Peabody Picture Vocabulary Test - Revised Form M
(Dunn & Dunn,  1982). Age equivalents for the PPVT ranged
from 7 years 6 months, to 18 years 6 months. The mean for
the 12 nonspeaking s ubjects was 10 years  4 months.

The speaking partners were 12 familiar s peaking adults who
communicated regularly with the nons peaking sub jects at
scho ol b ut were not resp onsible for training the nonspeaking
subjects to us e their co mmtinication aids. The adult
speaking partners ranged  in age from 18 to  54 with a mean
age of 34.25. With two exceptions, all of the adults were in
occ upations  related  to s pec ial education and rehab ilitatio n.
The sp eaking adults had known the no nsp eaking s ub jec ts
from a minimum of 1 mo nth,  to a maximum of 10 years.  The
mean was 2 years, 10 months.

For each o f the four communic ation aid conditions  the
communicatio n aid features of printed o utp ut or spo ken
output were turned o n or disabled.  The 12 subject dyad s were
then videotaped  interacting to gether fo r 15 minutes  while
playing a mod ified  b arrier game.

The interactions  were transc rib ed fro m videotape and
analyzed  for number of c ommunicative mes sages.  Both
co mmunic ation aid mess ages and o ther nonverbal mes sages
of the nonspeaking subjects were trans crib ed and  co unted.
Other modes  cons isted of eyegaze, head nods , ges tures , and
vocalizations among others. For co mmunicatio n aid
messages, o nly c omplete messages were counted. Ad ult
speaking partner verbal mes sages  were also trans cribed and
totalled.

The nonsp eaking s ub ject  and ad ult sp eaking p artner
dep endent variables were analyzed separately across  the
four co mmunicatio n aid c onditio ns by using repeated
meas ures  one-way analyses of variance. T he four
communicatio n aid  co nditions  were the main effect analyzed
within each ANOVA.

Re sults

The to tal numb er of all communic ation aid mes sages  plus
other modality mess ages prod uced by the no nsp eaking
subjects was c ounted and co mpared ac ross the four
communication aid  c ond itions . Tab le 1 lis ts the means and
standard deviatio ns for each of the four cond itions . The
nonsp eaking s ubjec ts  c ommunicated  mos t frequently in the
No Output communication aid condit ion (M = 125.75),
followed by Speech Output (M— = 101.08), Printed Output
92.25), and finally Both Printed and Speech Output Qd =
8958).  Thes e differenc es were fo und to be s ignificant at a
probability level of .000.
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Total messages  sp oken by the ad ult  sp eakutg partners were
also  co mpared acro ss the four c ommunic ation aid cond itions
(See T able 2). The adults spoke leas t freq uently in the Both
Output communication aid condition (j_vl = 131.08), followed
by the Printed Output condition (vj_t = 136.41), and Speech
Outp ut (M =152.41).  The adult s peaking p artners spoke an
average of 192.33 times d uring the No Output
communicatio n aid  co nditio n.  These differences were also
found to be significant at a probability level of .000.

When mo de of c ommunic ation was  analyzed the number of
communication aid  mes sages pro duced by the nonsp eaking
subjects ranged from a high mean o f 1358 in the No Output
communication aid condition, to a low of 9.08 in the Both
Outp uts communication aid condition (See Tab le 3). The
means for Speech Output and Printed Outp ut fell b etween
the o ther two  communication aid c onditions (S peec h Output

M = 1258; Printed Output jN =10.00). These differences were
not found to be of significance. Across all four
communic ation aid c ondit ions,  the c ommunic ation aid was
used an average of less than 15% of the time.

Table 3 also shows frequency means for use of other modes of
communicatio n by the no nsp eaking s ubjects. Use of other
communic ation mo des was  highest  in the No  Outp ut
communic ation aid cond ition (M =11216), followed by
Speech Output Qd= 88.50), Printed Output (M = 82.41), and
finally Both Outputs (M= 80.50). The results were significant
with a probability of .000.

Dis c us s io n

Within a c ommunic ative interac tion, the d ominant
communicator is the person who s peaks mos t frequently.
The do minant c ommunicator tends  to  d irect the interac tio n,
and  cause reactionary changes in the behavior of the more
pass ive communicator. in examining the to tal messages  of
the adult speaking p artners and the no ns peaking subjects,
the adults clearly dominated all convers atio ns. Across the
four communication aid co nditions, the adults  spoke an
average of 1.5 times as often as the nonspeaking subjects.
These results matc hed the find ings o f previous s tudies  which
found  that adult  s peaking p artners d ominated
conversational interactions with nonspeaking persons  (Light,
Collier, and Parries, 1985).

The adult speaking p artners do minated the interactions by
talking mo re frequently when the co mmunicatio n aid  was
simulating a low tec hnology co mmunicatio n aid with no
outp ut. The no nspeaking subjec ts respond ed by
communicating mo re frequently in this  mode. A separate
analysis of discourse functions and  communicative intent
which is not reported  in this paper, found  that the increase in
adult messages was due to  a significant increase in the use of
reques ts in the No  Output condition (Glennen, 1989). These
were usually yes /no questions. The nons peaking subject's
increase in c ommunication under this c ondit ion cons isted of
responses to these questions. Most of these responses were
mad e thro ugh o ther mod es of co mmunic ation such as  head
nods, vocalizations, or gestures.

As the co mmunic ation aid gave more intelligib le or readab le
outp ut,  the adult s peaking p artners  relinquished s ome of
their convers atio nal c ontrol o ver the nonsp eaking s ubjects.
This resulted in an overall reduc tion in total number of
messages. The no nsp eaking s ub iec ts red uc ed their

messages b y dec reasing their use of other mod es of
communic ation. Us e o f the c ommunic ation aid which was
used most frequently to initiate new topics of c onversation
remained stab le ac ross  all four conditions.

In s ummary, the communicatio n aid effected interactions
between nons peaking sub jects and their adult sp eaking
partners. The adult  s peaking partners  d ominated  the
interactions more when the c ommunication aid had  less
intelligible o utput. The adults  were less controlling when the
communicatio n aid had  synthesized  sp eec h o utp ut.  This was
followed  by communic atio n aids with printed outp ut. The
adults c ontro lled the interactio ns least  when c ommunication
aids were used with bo th s peec h and printed  output. The
nons peaking s ubjects also  changed their interaction skills
across the fo ur communication aid  conditions. However,
their changes tend ed to b e in reaction to the adult s peaking
partner 's changing interac tio n s tyles.
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Table 1
No nsp eaking Sub jec t Mean T otal Mes sages

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Co mmunic atio n Aid  Conditions

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Bo th Print Sp eech No ne F R

Total M 8958 92.25 101.08 125.75 14.32 .000'
Messages S D 44.31 34.21 45.96 47.46

Tab le 2
Ad ult S p eaking P artner Mean T otal Mes sages

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Co mmunic atio n Aid  Conditions

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Bo th Print Sp eech No ne F R

Total M 131.08 136.41 152.41 -192.33 33.00
-

:000'
Mess ages S D 73.44 56.69 75.31 71.84

- - - -

Tab le 3

No ns peaking S ub jec t Mo de of Communic atio n

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Co mmunic atio n Aid  Conditions
Mo d e

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Bo th Print Sp eech No ne F R

Total M 9.08 10.00 1258 13.58 2.70 .062
CommAid _ SD 4.01 4.08 655 7.12
Mes s ages

Total M 80.50 82.41 8850 112.16 11.02 .000'
Other S D 45.90 36.28 47.17 48.49
Messages
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Age - Related Differences in Interface Control in
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Abstract
For nondisabled adults, most standard computer
interfaces are quickly learned and require little focused
attention for successful use. For young children and
persons with cognitive disabilities, procedural and
cognitive requirements of the interface may make the
interface difficult to use or even impossible to learn. In
this study, 29 nondisabled children (37 -60 months) used
five different standard computer interfaces in four types
of tasks: basic interface control, interface training, and
two sorting tasks (involving additional decisions for
successful interface control). Results indicate that
children across all ages were able to achieve equivalent
proficiencies with the interfaces, but that younger
children were more frequently unable to learn interface
operation, even given knowledge of the task and
minimal motor prerequisites. Some of the sources of
task difficulties across ages are described.

Background
Access to computers and electronic communication aids
requires successful operation of an interface. For
children with multiple disabilities, considerable
assessment time is required to minimize the physical
and sensory load of the interface selected. Minimizing
cognitive load is particularly difficult, since limited
information is available either on the relative
complexity of interfaces or the cognitive skills required
for their use. Human factors research has established
that adults vary in the efficiency of control across
Interfaces, and that some of this variation is related to
cognitive [dissonance] between the interface and task
(Card, English, & Burr, 1978; Karat, McDonald &
Anderson, 1985). However, since adults vary little in
the cognitive skills required by the interfaces themselves
(Cress & Tew, 1990), it is necessary to study persons
who are still developing these cognitive skills in order to
determine the threshold and relative impact of cognitive
load on overall performance. Evaluation of learning
methods and error patterns are particularly important
when considering application to persons with cognitive
disabilities, to match unique subject skills to interface
requirements.

While children with cognitive skills functioning at 18 -24
months can use single switches to operate computer
tasks (Brinker & Lewis, 1982; Behrmann & Lahm,
1983; Rosenberg & Robinson, 1987), ability to operate
more complex interfaces develops with increasing
cognitive and motor skills. Chapman, Dollaghan,
Kenworth, & Miller (1983) found that children as young
as 2 years of age were able to select items with a
touchscreen before any other interfaces, although they
could not yet move the objects selected. Olsen (in
preparation) found that children did not successfully
use a mouse to move or draw shapes on a display until
they were able to coordinate three separate control
functions (click, hold and drag), which tended to occur

17.2

around four years of age. Ratcliff (1987) found that
students as old as 12 years were significantly less
accurate at a motorically simple technique (single
switch scanning) than a more complex action (direct
lightpen selection) when indicating choices in a complex
search task, which was attributed to the cognitive load
involved in planning and waiting for a scanning
technique. By comparing children's development of
interface operation across tasks, it will be possible to
identify some of the cognitive skills and learning
experiences necessary to acquire adequate interface
proficiency.

Research Questions
1. Which of the interfaces studied are fastest and

easiest to learn for young children on object
movement tasks?

2. How does skill at interface use differ between
ages?

3. What types of learning styles and error patterns
were exhibited by children?

Method
Subjects
Subjects were 29 normally developing children between
the ages of 3 -1 and 5 -0 (mean age 3 -11). Evidence of
normal development included parent and teacher
report of no known cognitive, motor, or sensory deficits,
performance on the Bracken school readiness score
(mental age equivalence) no greater than one standard
deviation below the mean for their chronological age,
and demonstration of task - specific cognitive skills by
passing 10/10 on a paper version of computer tasks.
Other descriptive measures included formal and
informal assessments of: spatial relation skills, visual
discrimination and pattern analysis skills,
perceptual /motor problem solving skills, motor skills,
Piagetian development, and computer experience.

Equipment
Computer tasks were presented using SuperCard on a
Macintosh FX with a color monitor. Interfaces were
selected both for compatibility with this system and
relative frequency in educational computing
applications. The five interface modalities were as
follows: a single button mouse (set at 1:1 movement
ratio), a MouseTouch touchscreen, a TurboMouse
trackball with separately programmed locking and
nonlocking buttons, and the numberpad of an Apple
extended keyboard with 8 cursor arrows on the keys 1 -9
(excluding the 5 key) and with an opaque sheet covering
the remaining keys. The cursor keys were programmed
in nonrepeating mode, so that each keystroke indicated
a standard distance moved. Except for the cursor keys,
position of the screen cursor was continuous across
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trials, such that the cursor was activated for each trial
from the last resting position.

Procedure
Subjects used each of the five interface modalities (in
random order) to pick up, drag, and drop a pictured
screen object in four different tasks. First, subjects
were given two demonstrations and asked to try to
deduce interface control for moving a pictured object
between two screen locations without further
explanation. Criterion for passing this screening task
was at least 7/10 correct, and trial block was
discontinued after four failures. If subjects failed the
first computer screener, a training hierarchy was
provided on a similar movement task, with successively
more specific cues on interface operation until either
end of hierarchy or success (3 successful trials by child
independent of help). Screener was repeated after
successful training, -with same passing criterion. If
successful on first or second screeners, the children
completed two- and four -part sorting tasks (both at 8/12
passing criterion). Trials included both within -
reinforcers, with animation and sound of pictured
object at correct placement, and between -trial
reinforcers, with gradual uncovering of an unrelated
picture "puzzle" with each completed trial (regardless of
suc cess) .

Data Co  l e c t i o n

Quantitative data included computer recording of
number of correct trials, number of object pickups and
unsuccessful clicks, and amount of time required for
each stage of interface operation. Qualitative data
recorded by experimenter online included an eight -
point coding score for precision of each subject
response, number and type of each training cue
provided, and subjective notes about procedural styles
and errors of subjects. The data cells (task by interface)
contain missing data, due to either technical recording
failure or subject dropout.

Results
Figure 1 shows the average total times across subjects
for each of the five interfaces by task, as well as the
range of subject performance (the trainer and second
screener are not included here because of different
measurement criteria). The highest and lowest scores
were dropped from the averages to minimize data
skewing. The same relative order of interface speed
was maintained across tasks, with touchscreen fastest
and keyboard slowest, except for the mouse on the
screener, which was the slowest over all tasks. Speed
improved for all interfaces between the screener and
two -part, but only slightly in the four -part sorting task.
Ranges decreased with experience in tasks, but at least
some children grew slightly less efficient between two -
and four-part tasks.

Table 1 shows number of failures by interface, as
another metric of relative difficulty of interface use. In
this analysis, the locking trackball was the most
consistently failed interface across tasks, followed by
the mouse and keyboard. Note that all subjects who
failed the first screener were given the trainer and as
many further tasks as they could complete successfully.

Thus, any failures beyond the first screener were either
failure to learn or breakdown in subject ability to
operate the interface.

Figure 1
Children's Average Time to Complete

Three Tasks for Five Interfaces
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Table 1

Number of Trial Blocks Failed for Each Task
by Interface

Interfaces S(1) T S(2) 2P 4P'
Mouse 11 3 1 0 0
Locking Trackball 21 3
Trackball 9 0
Keyboard 11 0
Total failures 58 7

S(1) = Screening 1
T  -  T r a in in g
S(2) — Screening 2
2P -  Tw o  - Pa rt Ta sk
4P = F our  -P art  Ta sk

Figure 2
Age - Related Differences in

Speed of Operation for Screen Task
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In Figure 2, subject average times on each interface are
plotted by age groups for the screening task. While
subjects show variability in performance across ages, no
consistent increase or decrease in scores is evident for
any of the interfaces. For the two- and four -part tasks,
the variability becomes minimal, with virtually flat
graphs of interface speed across ages. However, Table
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2 shows distinct qualitative differences in performance
across ages, where children below 48 months (four
years) more frequently failed to acquire necessary skills
to complete training and /or sorting tasks than older
children, although children from both groups failed
initial screeners across all interfaces.

Table 2

Number of Trial Blocks Failed for Each Task
by Age Groups

Age Ranges (months)S(1) T S(2) 2P 4P'
37 -41 12 2 2 1 0
42 -46 25 3 3 1 1
47-51 12 2 0 2 0
52 -55 4 0 0 1 0
56 -60 5 0 0 2 0
Total failures 58 7 5 7 1

S(I) = Screening 1
T = Training
S(2) = Screening 2
2P = Two -Pan Task
4? = Four -Part Task

Discussion
The relative order of interface proficiency across
children is comparable to that recorded for adults on
the same tasks, except that the touchscreen is
consistently faster than the mouse for the children
tested (Cress, French, & Tew, in submission). One
explanation for this difference is the delay that most
children exhibited between pickup and movement of the
target object while searching for the goal area, whereas
adults performed this as a more continuous activity.
The uniformity of relative speeds at least partially
reflects characteristics inherent to the interface
operation (Card, English, & Burr, 1978), such as a
minimum number of keystrokes necessary to move an
object to a desired location. However, only the fastest
of the children's speeds approached the average for
computer - experienced adults, suggesting delays
resulting from the children's skills rather than the
interfaces' characteristics.

Children across all age groups were able to use the
interfaces with equivalent proficiencies, if they were
able to use the interfaces at all. All children passed an
informal motor screener that mimicked the movements
necessary for interface operation. Thus, age- related
development of movement precision is not a complete
explanation for variation in performance. Common
reasons for the training failures of the young children
included: forgetting the sequence of interface
operation, failure to self - correct inappropriate interface
activities (such as moving the object off screen),
interference between operation of different interfaces
(e.g. trying to use the mouse button like a keypress), or
deterioration or incomplete grasp of method for
interface operation (e.g. inserting "superstitious"
activities to make the interface work). Conversely,
older children tended to fail due to task fatigue,
decrease in motivation /attention, or a tendency to play
with the object or its placement. Nearly all of the

children, and many of the adults tested, began to
experiment with the limits of the program and interface
operation as soon as they were consistently successful
with the interface. Thus, some of the trials scored as
"failures" were apparently self- directed opportunities
for improving interface skills and understanding.
Further profiling of individual change in skill over time
and with different kinds of training is necessary to
predict long -term learning and performance with
computer interfaces.
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Relati onshi p of C ommun icati on Spe ed an d Rat e to t he Pe rceiv ed Com munic ative

Competenc e of High  School A AC Users

Kathle en A. Kangas
Idaho St ate Uni versity,  Pocate llo, ID

ABS TRA CT

This  st udy inv est igat ed the
rela tio nsh ip betw een  ra te and
spee d of  com mun icat ion and the
stud ents ' c ompe tenc e a s pe rcei ved
by s choo l st aff. Twenty -five
high  sch ool  age d st ude nts who use
elec tron ic c ommu nica tion  dev ices
were video - taped. Sch ool  st aff
were  ask ed t o pr ovid e ra ting s of
the s tude nts'  ove rall
comm unic ati ve c omp eten ce.
Corr ela tion  te chni que s re vea led
that  rat e a nd s peed  me asur es w ere
not sign ific antl y re late d to
perc eiv ed c omp eten ce.
Desc ript ive  mea sur es o f r ate and
spee d of  com mun icat ion are
pres ente d, a nd othe r va riab les
which  app eared  to influ ence  the
compe tenc e ar e di scus sed.

BACK GRO UND

Stud ies  of the  com mun icat ive
intera ction s of i ndivi duals using
augm enta tive  and  alt erna tive
comm unic ati on ( AAC ) ha ve focu sed
incre ased atten tion  on t he ac tual
use o f AA C in natu ral s etti ngs.
In ge nera l, t hese stud ies have
found  AAC  use rs to  be more
passi ve, s lowe r, le ss d irect ive,
and less  ac tive  in the
commu nica tion  inte rcha nge than
their  nond isabl ed p artne rs (1 ,2).

One crit ical  li mita tion  of the
inter actio n re searc h to  date  has
been  the  fai lure  to addr ess the
issue  of comm unic ativ e co mpet ence
(2,3). Resear ch has  been
dire cted  to des crib ing the
compo nent s of  the  int erac tion
(4), witho ut in vesti gatin g the
impac t of these  com ponen ts on  the
effe ctiv enes s of  the
commu nicat ion. And so, alth ough
we h ave desc ript ions  of spec ific
aspec ts o f co mmun icat ion,  our
unde rsta ndi ng r emai ns limi ted
with resp ect to h ow t hese
comp onen ts a ffec t th e ab ilit y of
AAC u sers to f uncti on i n var ious
setti ngs ( 2,3,5 ,6). One st ep in
deter mini ng h ow to  enh ance
comp eten ce, is t o de term ine the

contribu tion of various
componen ts or b ehaviors  to the
overall suc cess of the
individual.

Temporal character istics of
communication ( e.g., latency,
rate, and  efficien cy) are a
consiste nt conce rn of cl inicians
and educ ators an d of the
designer s of com municati on aids
(7,8,9). Althou gh th e spe ed of
communi cation  is gen erally
recommende d as a si gnificant
issue in t he selecti on of AAC
approaches for an individual,
there ar e few da ta to as sist the
clinicia n in det ermining  what is
a reasonab le rate of
communicat ion to exp ect from a
user of an electronic
communication aid. Nor is  there
information which answers what
rate of co mmunicatio n might be
deemed success ful in various
natural communic ative settings.
This le aves c linicia ns and
educators  with li ttle inf ormation
to guide  their d etermina tion of
the import ance of es tablishing
improved communica tion rate
relative  to the  import ance of
improving other  communication
skills.

RESEARCH QUESTIONS

The pur poses of thi s stud y were
(a) to describ e the temporal
characte ristics  of the
communic ation of  student s using
AAC devices in conversational
situations a nd in group
instructional activities, and (b)
to determi ne the rel ationship
between the temporal
characteris tics of the  students'
communic ation an d the co mpetence
of their comm unication as
perceive d by sp ecial ed ucation
staff. The C ommu nica tive
Competence  Rating Sc ale (CCRS)
was devel oped to a ssess the
perceive d commun icative
competence of the subjects.

260 R ESNA 1 4th  ANN UAL C ON FER ENC E • KANSAS C ITY,  MO.  1991



Rate and Communic ation Co mpetence

METH ODS

Subject s were  19 jun ior hi gh and
high sch ool age d studen ts with
severe comm unication i mpairments
(in most cases caused by
congenital physical di sabilities)
who had utiliz ed electronic
communication devices for at
least nine months. Communication
rate and sp eed were me asured from
videotapes of each student
participati ng in a co nversation
with a fam iliar sch ool staff
person, and nin e studen ts were
videotaped in a group
instructional activity.
Perceive d commun icative
competence for each s tudent was
evaluated as t he mean rating
assigned by three special
education s taff member s who were
familiar with the student.
Ratings were based on the 20 -item
CCRS developed for this study.

RESULTS

Communicativ e Competence

The total score on the CCRS was
obtained by add ing the ratings
for the 20 items, with a range of
possible scores from 20 to 100.
The range of obt ained scores was
from 29 to 91.6, with a mean
score of 65.66. For each
student, thre e scores were
obtained from r atings given by
different staff members, and a
mean competen cy score was
computed. The range of mean
scores was from 41.5 to 87.2.
The mean score for each student
was taken as t he best single
estimate of the student's overall
communicative c ompetence, and
this is the scor e which was used
in the correlation analysis
reported below.

Several me asures of speed and
rate were b ased on the  videotaped
communication samples. One -to-
one conversational samples for
all 19 students were analyzed,
and data from group instructional
activities were analyzed for 9
students. Only messages for
which the student used the VOCA

were included. Only rate in
words per  minute (wpm) is
reporte d here.

Rate was co mputed by d ividing the
number of w ords in eac h utterance
by the time i n secon ds fro m when
the stu dent b egan t o acce ss the
device unt il the me ssage was
completed. The rate
was multipl ied by 60, so that the
resulti ng rate  could  be dis cussed
as wpm. This doe s, howev er, have
the effect of m ultiplying any
error of measurement. In the
convers ational  settin g, mean
rates in wpm fo r each student
ranged from 38.71 to 3.12 wpm,
with a grou p average o f the mean
rates of 14.085 wpm. In the
group situa tion, the rates were
quite similar. The individual
mean rates ranged fro m 38.42 to
2.50 wpm, w ith a group  average of
14.373 wpm.

Means of  the me asures o f speed
and rate of  communicat ion and the
mean com petency scores f rom the
CCRS were submitted to
correlationa l analysis. Fe w of
the correlat ions reached
statistical significance,
however,  this is  due at least in
part to th e small sa mple size.
The direction of the trends may
be meaningfu l for those
correlations w hich approach
significance.

The correlation between wpm and
communic ative co mpetence  in the
conversatio nal situati on was near
0 (Z = - .098). In the group
activity, there was a
nonsignificant t rend in the data
with

r = .

300, suggesting that
rate in the grou p activity might
be more indicat ive of overall
perceived competence.

One of t he speci fic meas ures of
speed was access  time, which was
the time in  which the student was
engaged in ac tivating the
communication device. In the

conversational  setting, the
correlation  between a ccess time
and competence was z - .423,
which approaches statistical
significance (g < .07). The
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une xpe cte d p osi tiv e d ire cti on of
this  co rre lati on sug gest s t hat
stu den ts who  ar e s low er to acc ess
thei r d evi ces  (i .e. , t hos e w ith
lon ger  a cce ss ti mes ) a re
perc eiv ed as mor e c omp ete nt. On e
pos sib le  ex pla na tio n f or  th is
resu lt was  th at t he slo wer
com mun ica tor s w ere  ta kin g a
lon ger  ti me bec aus e t hey  we re
con str uct in g l ong er me ssa ges , a nd
the  lo nge r m ess ag es con tri but ed
to a  pe rce ptio n o f c ompe ten ce.

DI SC US SI ON

Desc ript ive  dat a f rom thi s st udy
und ers cor e c onc ern s f or spe ed and
rate  of  co mmun ica tio n wh en AAC
comm uni cati on is c omp ared  to
aver age spea king  rat es. This
high lig hts  th e c hal len ges  fa ced
by the  st ude nts  an d s taf f m emb ers
when  AA C u sers  ar e i nclu ded  in
cla ssr oom s w ith  pe ers  wh o u se
spee ch t o c ommu nica te.

In th e sc hool sett ings stud ied,
rate  an d sp eed  of com muni cat ion
did not  si gni fic antl y a ffe ct the
judg emen ts o f st aff memb ers
rega rdi ng t he over all
com mun ica tiv e c omp ete nce  of
stud ents  usi ng A AC. It a ppea red
that  ot her  var iab les , su ch as the
gene ral  re spo nsiv ene ss of the
stu den ts and  th eir  ab ili ty to
com mun ica te a w ide  ra nge  of
pra gma tic  fu nct ion s w ere  mo re
infl uen tia l i n t he per cei ved
com pet enc e. Subse quen t stu dies
migh t i nco rpor ate  us e of  th e s ame
met hod olo gy to des cri be
addi tio nal  ch arac ter ist ics  of
comm uni cat ion  an d to  in ves tig ate
the com muni cat ive com pete nce  of
indi vidu als in o ther  nat ural
setti ngs.
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Abstract

Words Strategy , a NnspeakT m Application
ProgramTM (MAPTM) available for the Touch
Talker TM and Light TalkerT m , is a word -based vo-
cabulary that is traditionally prescribed for cognitively
intact adults. To assist clinicians in determining if
such a MAP'm would be appropriate for an individ-
ual who is cognitively impaired and/or non- literate,
an informal assessment protocol was developed. This
protocol systematically assesses an individual's com-
prehension of the grammatical classes noun, verb, and
adjective. The protocol was used to assess 100 non-
disabled children ages 6.0 years to 9.11 years. Prelim-
inary normative data and impressions obtained will be
discussed.

Background

Technology has made it possible for almost any indi-
vidual, regardless of the degree of his/her disability,
to gain access to a communication device. Once a
mode of accessing has been determined, the next hur-
dle is determining what level of language should be
available (i.e. words, phrases, or sentences). Since
the majority of one's messages are novel in nature, an
augmented speaker should have access to words and
phrases or else he /she is required to generate his/her
messages at extremely slow rates by spelling.

Proficient use of a word -based system typically as-
sumes that an individual has an understanding of gram-
matical concepts. If this assumption is valid, then
many non - speaking individuals who have poor read-
ing skills and little or no comprehension of English
grammar, might not be considered as candidates for
the use of Words Strategy '. This might also dis-
miss the consideration of those individuals who have
not yet received instruction in English Grammar (i.e.
children below the third or fourth grade).

Research Question

This paper discusses the use of an informal assessment
protocol that will assist the clinician in evaluating
a person's comprehension of grammatical concepts.
The assessment was designed to answer the question
"Can an individual readily learn the concepts of noun,
verb, and adjective ?"

Method

General Description

The assessment is composed of a Teaching Unit and
four Subtests. Eighteen different Words StrategyT m

icons were used, each of which produce a noun, verb,
and adjective when paired with the appropriate gram-
mar label in a two - symbol sequence as found in Words
Strategy'(1.3). The resulting in 54 vocabulary items
were programmed into a Touch TalkerT m and the as-
sessment was administered using the device. Only
the eighteen Words StrategyT m icons needed for the
assessment were placed on the overlay.

The Teaching Unit was designed to provide definitions
for the three word classes, as well as practice for ob-
taining the vocabulary items (i.e. Words StrategyT M

icon to grammar icon). Because of the cognitive and
language levels of the individuals being tested, the
grammar labels noun, verb, and adjective were re-
placed with "person, place, or thing," "doing words,"
and "describing words."

The testing portion of the assessment was divided into
four Subtests. In Subtests I and H the individual is
shown the Words Strategy' icon and given the target
word. The individual is required to select the correct
grammar icon to produce the target word. Subtest
I provided spoken cues (e.g. "Is - -_ a doing word,
describing word or a person, place, or thing ? ") to
assist the individual in recalling the word classes.

Subtest 11 differs from Subtest I in that no spoken
cues regarding the three word classes were provided.
Subtests III and IV were designed to determine if the
individual could sequence four symbols to produce
two -word phrases. Cue cards were used in both Sub-
tests as visual aids to eliminate the need to recall the
target Words StrategyTA' icons for a given word.

Subjects

Although the assessment was designed to assist in de-
termining candidacy for the use of Words StrategyT m ,

the authors felt it would be helpful to field test the
procedures on non - disabled children ages 6.0 through
9.11 years. This age range was chosen because it
most closely represented the cognitive and language
levels of those individuals who may be questionable
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candidates for the use of Words Strategy" &' . It was an-
ticipated'that field testing non - disabled children would
assist in establishing a baseline with respect to the cog-
nitive skills required to categorize words into word
classes.

Results

Test results were analyzed for each age group accord-
ing to the mean percent correct for each subtest, accu-
racy of self - corrections, and consistency of responses
across Subtests. As predicted by the authors, the mean
percent correct increased with chronological age. For
example, the mean percentage correct for 6 year olds
on Subtest I was 43%, while the mean for 9 year olds
was 68 %. The mean percentage correct also increased
across the first three Subtests for all age groups except
the 6 year olds. For example, the mean percentage
correct for 7 year olds on Subtests Al, II, and III was
51%, 54 %, and 67% respectively, while the mean per-
centage correct for 9 year olds was 68 %, 84 %, and
86 %. The decrease in the mean percent correct from
Subtest I to II for the 6 year olds (i.e. from 43% to
35 %) was judged to be correlated to the elimination of
the spoken cues in Subtest II (e.g. "Is 'win' a describ-
ing word, a doing word or a person, place or thing ? "),
as well as the fact that these children have had little or
no exposure to word classes. It should also be noted
that the mean percentage correct decreased slightly
from Subtest III to Subtest IV across all ages. Several
factors could have contributed to this decrease and
these will be discussed at the time of the presentation.

The children's ability to self - correct accurately (i.e.
individual attempts to self - correct when no spoken
cues are provided (e.g. "try again ") their errors
on Subtests I and II were compared across the age
groups. The data obtained indicated that the accu-
racy of self - corrections increased with age and also
increased within each age group from Subtest I to
Subtest II. For example, the 6 year olds accurately
self - corrected their errors with a mean percent of 47%
and 49% of the time, on Subtests I and II respectively,
while 9 year olds did so 67 % and 77% of the time.

The consistency of responses across Subtests was an-
alyzed for each age group. For example, when an item
appeared in Subtest I or II and then again in Subtest
III or IV, four possible response patterns could occur.
These include:

1. missing an item on Subtest I or II and then again
on Subtest III or IV ( - - ),

2. missing an item on Subtest I or II and then re-
sponding correctly on Subtest III or IV (- + ),

3. responding correctly on Subtest I or 11 and then
missing the item on Subtest III or IV (+ - ),

4. responding correctly on Subtest I or II, as well as
on Subtest III or IV (+ +).

When comparing these patterns across the age groups
the following was noted. First, the "- - " and the "- +"
patterns occurred most frequently in the 6 year olds,
with a significant decrease in the frequency for these
patterns for the 7, 8, and 9 year olds. Secondly, the
mean percentages for the "+ " response pattern did
not vary significantly across age groups (e.g. 19 %,
12 %, 10% and 9% for the 6, 7, 8, and 9 year olds
respectively). It is hypothesized that this response
pattern was atypical in the younger children because
they ".correctly guessed" the items in Subtest I and II,
but "incorrectly guessed" the same item in Subtest III
or IV. Conversely, the older children who accurately
categorized the  items in Subtests I or II may miss  the
items  on Subtest III or IV due to a "falsenegative re-
sponse." Of particular importance was the mean per-
centages achieved for the "+ +" response pattern. As
expected, the older children achieved a higher mean
percentage than the younger children (e.g. a mean
of 71%, 54 %, 38 %, and 19% for the 9, 8, 7, and 6
year olds respectively). This seemed to indicate that
the older children readily learned to classify words
according to nouns, verbs, or adjectives.

The test results were also analyzed according to the
mean percentage correct for the three word classes
(i.e., noun, verb, and adjective) for each age group.
As expected, the mean percent correct for each word
class increased with age. For example, the 6 year olds
achieved mean percentages of 48, 36, and 33 for noun,
verb, and adjective respectively, while the 9 year olds
achieved 79, 76 and 78% respectively. All four age
groups achieved the highest percentage correct for the
nouns.

With respect to the 9 year olds performance, it isin-
teresting to note that the mean percent correct did not
vary significantly across the three word classes. This
may have been due to the fact that their linguistic skills
have developed to a level of understanding that a word
can belong to several word classes. This hypothesis
was confirmed when the mean percentage correct for
specific words was compared across age groups when
presented with and without context. When compar-
ing mean percentages correct for the word "service"
across age groups, it was noted that context signifi-
cantly reduced the performance levels of the younger
children but increased the levels for the older children.
It appeared that the context defined the word class for
the older child but confused the younger child (e.g.
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"service" given in isolation could be a noun or an ad-
jective, but "service" presented in the phrase "want
service" identifies it as an adjective).

Discussion

Based upon results obtained, it was determined that
within the 30 -45 minute testing period, that children
age 6 years and older learned to correctly categorize
words according to nouns, verbs, and adjectives. Per-
formance on the assessment also appeared to reveal in-
formation pertaining to an individual's learning styles
and response patterns. Additionally, based on the test
results obtained, the assumption that an understand-
ing of grammatical concepts is not considered to be a
prerequisite to the use of Words Strategy' was con-
firmed (i.e. if this knowledge was a prerequisite, then
one would assume that the children would have scored
significantly lower on this assessment).

Clinical Implications

In addition to obtaining the above - mentioned results,
performance on this assessment appears to reveal in-
formation pertaining to an individual's learning styles
and response patterns. For example, with respect
to the use of the spoken cues provided in Subtest I,
some of the children seemed to ignore the cues and
responded impulsively. Some of these children ex-
hibited a definite trial and error method for selecting
their initial responses, as well as their attempts to self -
correct (e.g. they always went to noun for their first se-
lection, then to adjective to self- correct). In addition,
many of these children were not able to expressively
recall all three of the word classes upon completion
of the test. Conversely, the children who appeared
to listen to the spoken cues (as evidenced by silently
repeating them and/or following the clinician as she
pointed to each grammar icon) demonstrated an ability
to recall the word classes throughout the assessment.
These children were observed to silently rehearse the
categories before making a selection, and typically
took longer to respond. In addition, some of the older
children used additional spoken cues such as "to —_
is a verb" to assist them in classifying the target word.

Another type of response pattern that was evident par-
ticularly among the younger children included select-
ing the grammar icon that corresponded with the pre-
ceding correct response (e.g. "win" is a verb, so verb
was the grammar icon selected for the following vo-
cabulary item). This pattern was typically evident in
Subtest II, when the spoken cues are omitted, indicat-
ing that the individual could not recall/had not learned
the word classes.

Changes in a child's method of selecting his or her

responses sometimes became apparent throughout the
administration of this assessment. For example, a
child may have initially used a trial and error method
of categorizing the vocabulary items, but at some point
throughout the assessment began to exhibit an actual
deduction process, as evidenced by a dramatic increase
in the number of correct responses.
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Abstract (18 months).

The absence of motor skills in
severely disabled clients is a major
challenge in developing effective
interaction. An approach in which
motor behaviors are developed and
utilized for environmental and
communicative interaction is
presented.

Background

One of the most difficult challenges
in developing augmentative
communication skills in severely
disabled clients is the absence of
reliable and repeatable motor
behaviors which are often
characteristic of this population.
The apparent absence of
controllable motor responses often
leads to a generally passive nature
on the part of the client, and it
can lead to an absence of
communicative interaction. This
paper describes a case study of a
systematic approach to develop motor
skills and increase communicative
competence in a severely disabled
young girl.

Sarah is a nine year old girl with
cerebral palsy. She is non - verbal,
and she uses her left hand for
exploring objects on her lap tray.
Sarah is described as very passive
and unresponsive, and she often
cries in new situations. She does
not appear to have any functional
vision.

Objective

Sarah was referred for assistance in
developing a means of interacting
with her environment to initiate
choice making and requesting.

Method /Approach

Our interaction with Sarah had four
major phases: (1) an initial
assessment, (2) a training program
of seven months based on the
assessment results, (3) a re-
evaluation based on this training,
and (4) a second phase of training

Assessment. The assessment was
designed to establish the degree to
which Sarah associated switch
activation with two contingent
results (tape recorder and fan). Two
switches with different textures
were used for the two objects.

Initial Training . To determine if
Sarah would relate the spatial
location of a switch to its effect,
one switch was connected to music
and the other to a fan. Following
this, one switch was connected to
the home stereo and the other was
not connected to any result. The
active switch was located near
midline. This forced Sarah to move
laterally, since the easiest
position was near her left side. The
inactive switch was placed to the
left. To develop her waiting
behavior, we used several two - player
games from the Interaction Games
diskette. Several of these games
involve turn taking, and Sarah was
encouraged to wait when it was not
her turn and to respond on her turn.
This training was implemented via
sessions at our center and at home
with a tutor.

Re- evaluation. In order to re-
establish communication goals and
choice making, we built on Sarah's
ability to use two switch locations
using a modified prompt free
approach to communication skill
development (Mirenda and
Santogrossi, 1985). We used the
Parrot JK communicator (Zygo
Industries) with two phrases: "give
me the cup" and "give me the ball ".
If Sarah chose either item she was
given it to play with. This task was
chosen because it was repeatable and
because she enjoyed playing with
these two objects. She was not
prompted for any choice, but rather,
we played with her and the object
requested during the session. We
kept track of the number of times
that she requested an object when
she did not have it in her reach and
the number of times she requested it
when it was within her reach.
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Second Traininq Phase. rased on the
progress which Sarah had made, we
decided to increase options for
choice making by using the Unicorn
keyboard. We were encouraged in this
direction by a report (Locke and
Mirenda, 1988) in which intervention
with a visually impaired child had
been based on the use of the Unicorn
keyboard with tactile labels and the
Talking Word Board Program. We
reduced the number of new features
in our training task by initially
using the Unicorn as a single switch
to turn on music. This was done
using the Adaptive Firmware Card,
the Toy Interface (both Don Johnston
Developmental Systems) and a
software program which provided an
output from the Toy Interface each
time the Unicorn key was pressed.
This output, equivalent to pressing
a switch, was connected to the
Ablenet Control Unit and the home
stereo. An overlay similar to that
described by Locke and Mirenda was
built with one 2" square cutout and
covered with a textured fabric for
tactile feedback. Velcro was used to
attach the overlay to the keyboard
and the keyboard to Sarah's lap
tray. This construction allowed us
to position the one available key in
several locations on the lap tray.
As Sarah skills improved, we added a
second switch location with a
different texture (see Results).

Results

Assessment. Sarah quickly and easily
activated both switches., and she
explored the texture of each switch.
Sarah correctly hit the switch for
the appliance requested (fan or
music) 11 times out of 16 trials,
and she carefully explored the
location and effect of each switch
rather than impulsively hitting the
first one that she "found ".

Initial Training Program. In the
task with both switches active,
Sarah would choose the requested
item about 50 -60% of the time, and
she would often hit her switch when
no request had been made. When only
one active switch was used, Sarah
hit the music switch between 66 and
75% of the time. We used this task
to determine her functional work
space by gradually moving the active
switch and thereby increasing the
distance required for her to reach.
Over several sessions, using the

Interaction Games Sarah began to
wait between her turns with fewer
prompts, and the use of the games
increased her interaction with her
siblings. By this phase of the
training Sarah had developed more
switch use with her right hand and
had demonstrated a wide lateral
range with her left hand.

Re- evaluation. Using the Parrot, 66%
of Sarah's switch hits were when she
did not have the object being
requested. The use of two tread
switches was difficult because Sarah
often appeared to accidentally hit
one switch while reaching for the
other or by bumping it with a toy.
We had also observed that Sarah
enjoyed the feel and click of the
tread switches.

Second Training Phase. In the
initial session using the Unicorn
keyboard, Sarah touched the switch
location 41 times, but was only able
to activate it 14 times. Sarah's
performance improved gradually over
the next 9 sessions, and by the
tenth session she was using the
Unicorn as well as she had
previously used the tread switch.
All of these sessions had used the
same location on Sarah's lap tray
for the active Unicorn key. We made
a major error in our first attempt
at finding other key locations. We
moved the active location 7 1/2" to
the right in one step, since we felt
that this wide separation would help
her to distinguish the keys.
However, she spent most of the time
searching for the original key with
her left hand, and she quickly
became frustrated with the task.
We altered our approach to emphasize
small changes in location and the
use of a shaping paradigm. The
active Unicorn key location was
moved to the right in 1 /2" steps,
with control of the stereo and
computer games as outcomes. With
two sessions per week, Sarah
averaged about 4 sessions at each
new location before her performance
was the same as for the initial
location (activation on 80 -95% of
the trials). Eventually, the total
lateral range extended from her left
side to her midline position.

Having obtained several locations
for active keys, we made a two
position overlay using new textures
and programmed the Talking Word
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Board for requests for cracker and
juice. This overlay was used during
Sarah's snack time. During each
session, we began with the shaping
paradigm with music or computer
games. Following this the snack time
activity was carried out.

An interesting result was that Sarah
tended to preferentially use the key
location that had been used in the
shaping phase during the
communication activity, even though
it was in a more difficult position.
For example, if the shaping paradigm
called for a switch location at 3
1/2" and Sarah practiced at that
location, she would select this same
position in the two choice task. We
overcame this limitation by using
both locations during the initial
portion of the session.

Discussion

The intervention which we have
described took place over a period
of two years. As Sarah slowly
developed new skills, more options
became available to her. This
included both more choices and a
higher degree of motor control.
With these increases in skill, her
aberrant behaviors (particularly
crying) have been reduced, and she
is generally happier and more
interactive with her family and
teachers. Those working with Sarah
report that she now appears to have
more skills than originally thought.
Thus, the development over time of
her physical skills has provided
gains in her socialization and
communication as well.
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ABSTRACT

A 33 year old male victim of Guillain Barrio Syndrome who is non-
speaking and  has s evere residual paralysis , is the sub ject o f this

case study. The p atient survives on a life supp ort  s ys tem and
requires continuous nursing.

Some small movements have returned to his pectoral and triceps
muscles, enabling single s witch op eration.

A co mb inatio n o f a no n - technologic al alternative method  o f
communic ation to gether with the Prentke Romich "Light Talker"
and  DADA' s "PC AID" used  with an IBM P C -XT computer is
described. A grad ual co nsultat ive ap p ro ac h to d evelop ing a
comprehensive system is illustrated and the far reaching rehabili-
tative benefits of the strategy are discussed.

BACKGROUND

Itwas 2.00am on Thursday moming4th of April 1985 thatJohn, the
subject of this case study, drove alone, along outback roads to Port
Hedland. He had a terrible feeling of deja vu. John was in a state
of rapid demis e of his comp lete moto r sys tem. As a childhood
victim of poliomyelitis he knew the symptoms. He used the weight
of his body to steer the vehicle and fought to hold his eyelids open.
Against enormous odds he arrived at Port Hedland and struggled
from the car into the Hospital. Aided by a nurse John managed to
walk to c as ualty -  this  was  to  b e the las t  t ime he walked . A
neurologic al ass es sment was performed by the regis trar b ut a
diagnosis was not forthcoming. A more senior doctor was called
in: there was some flipping through books and then eventually the
inevitab le q ues tio n o f this  day and age: "have yo u taken any
drugs ?"  The ans wer was an emphatic no,  but this reply was not
taken on face value. John was given an injection aimed at reversing
the effec ts  o f d rugs  and  when there was  no  res p ons e to  this
subs tanc e the d iagnosis  of Guillain Barr6 Syndrome was made.
Four hours later John was totally paralysed, respirator dependent,
intravenously fed, had no  swallow reflex and  therefore required
suctio n c learance of s aliva, was blind  and  unab le to s peak o r
communicate.

John was flo wn so me 1804 kilometres by Royal Flying Doctor
Service, to Perth. He received treatment consistent with the very
high standard ofAustralia's health care system. In 1985, however,
local exp erience with augmentative c ommunications was limited.

At the very depths of his paralysis John appeared as a "living mass"
in which a heart was beating and into which a machine pushed air.
He was drifting in and out of consciousness. While conscious his
brain was func tio ning normally and receiving audible inp ut and
sensation from pain receptors. From his pain receptors the signals
were at times agonising. Likewise the conversations that he heard
were sometimes very disturb ing. Our first les son in co mmunica-
tion with the very severely paralysed stems from the hindsight of
this situation. Never assume that the patient is not receiving. Talk
to the patient and  inform them as to what is taking plac e. Don't
discuss negative aspects of the patient's prognosis at close range.

Two  months .after the o ns et  of Guillain Barrio  Synd ro me Jo hn
regained small quivering movement in his bottom lip. The doctor
who first noticed this movement immediately established a yes /no
level o f c ommunic ation. This  was enormous ly s ignificant as  it
clearly indicated that John's mind was functioning. The same day
John's  girlfriend  devis ed a way of communicating by vocalising
the alphabet in two parts, using the lip movement to signal first half
and to make a letter selection. Absence of lip movement signalled

second half and  again lip  movement selec ted the required let ter.
This was the first step towards the unlocking of John's mind. This
method is still used today and it is referred to as "Spelling ".

John was  33 years old when he contracted  Guillain Barra Syn-
dro me. At age 6 years he had had a similar although les s severe
illness  from which he fully reco vered. John was  an automotive
electrician and ran his own business in the North West of Western
Australia.

His degree of recovery has been only slight and he remains on a life
support system. Amuse is in attendance 24 hours per day. Some
movement has  returned to  the left and right pec toral and triceps
muscles enabling switch operation with both arms. Sufficienthead
control has returned to enable a nod for "yes" and a shake for "no ".
John c an also shrug his s hould ers  fo r "I don't  know ". Facial
exp res sio n is  limited b ut s mall mo vements  c an c o nvey a lo t ,
especially to those who know him. A functional degree of eyesight
and thus the important communication adjunct of eye - contact has
returned. John has an indomitable spirit and a very stro ng deter-
mination to make the most of his life. His strong will is supported
by a keen intellect  and  excellent memo ry. Jo hn had  no prio r
knowledge of computing.

OBJ ECTIVE

The hardware and software base to assist people with disability is
no w availab le and  with c areful ap p lic atio n c an play a highly
significant role in the habilitation and rehabilitation of the severely
disabled. This c as e s tud y des cribes o ne such ap plicatio n and
discusses the extensive ramifications of the tec hnology. A non -
technological alternative method of communication known locally
as "Spelling" is also discussed.

METHOD: SPELLING

For the first  IS months o f John' s illness Sp elling was  the only
means of communication available. Whilst it was quite acceptable
to John's close relatives (his father and girlfriend) and one or two
others, the method did not gain general acceptance until much later.
In the face of clearly demonstrated intelligence and a very urgent
need  to  c o mmunicate,  why was  this  s o ? The fo llo wing are
perceived as the reasons:

• John was sti ll a Hospital UnitNo. with an interesting diagnosis to
most p eople. There was no p re- exis ting relationship with the
people who attended him to establish his intellectual c redibility.

• One small perfectly timed lip movement, without the support of
facial expression,eye contactorsound, was not sufficient evidence
to a caregiver of a functioning mind  with the intent to c ommuni-
cate. Some reflec tio n o n the mental p ro ces ses  required o f the
disabled person in using the Spelling method should haveprovided
the necessary evidence of intact intelligence but this was not so in
practice.

• There was most definitely a factor of self- consciousness and, in
some cases, lack of self- confidence on the part of the caregiver to
stand at the bedside reciting the alphabet whilst watching intently
for a very small signal.

• Spelling is a time consuming process (at best twenty characters
per minute) and in the ward situation not everybody has the time.

Six years hence, Spelling is accepted and acts as a back stop to the
technological methods that are now available.
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The reasons for its acceptance are:

• InJohn's words "At about 20 months a tunnel opened up and I was
able to see again ". Eye contact was then an available communica-
tio n ac ces s o ry and  the ab ility to  engage and  ho ld  a pers o n' s
attentio n improved the effic acy of the S pelling method.

• T he tec hno lo gic al method s  in us e to d ay have well and  truly
established an intellect and personality that is John. John can write
freely about himself,  the care that  he needs and how he commu-
nicates. This enables new staff to immediately get to know him and
when it is necessary to communicate b y Spelling, the barriers are
rapidly cro ssed. The technolo gical metho d bootstrap s the non -
technologic al.

• The embarrassment to the speller of continually reciting the ABC
has  fad ed into  the b ac kgro und ,  in muc h the s ame way that  a
perso n's phys ical dis ability fades fro m centre stage as their per-
sonality bec omes the do minant pan of their id entity.

METHOD: LIGHT TALKER

The tec hno lo gy was available to help Jo hn co mmunic ate more
effectively and a Prentke Ro mic h "Light Talker" was chos en.  In
Sep tember of 1986, eighteen months fro m the o ns et of Guillain
Barra, Jo hn was introduced  to this  device.

A single switch scanning method using 32 position overlay on the
Light T alker (Mod e 9) was  trialled. John made selections  via a
rocking lever switch. At this early stage he could see the large print
on the overlay as  a b lur. The very c lear flas hing L.E.D:s and
audible bleep were essential to the selection process.  John could
not see the liquid crystal display, but he could retain his progress
through a message without visual feedback, and found the audible
feedback irritating. John also preferred to convey his message via
the display rather than using the sp eech s ynthes izer.

There are a s et of ro utine co mmand s that John uses  all day and
every day to manage his life. Intuitively the expectation would be
thatroutine requests reside in the communication mode of theLight
Talker to  save having to repeat the same things o ver and over. In
fact these are the least of John's communic ation problems. There
is always a nurse present and in the main they know him well.  It
takes only two or three letters from one or two word commands, via
the Spelling method,  to req uest these vital services.

Commenting, retro spectively, John made the fo llowing ob serva-
tio ns ab out this  phase o f the Light T alker' s introd uc tio n: "T he
Bio engineering Divis io n introduced me to the Light T alker. At
first it was set up with pre- programmed messages such as 'Please
move my arm' and  the 'Tube is pulling'. This pro ved to b e pretty
useless. It had no w been 18 mo nths  s ince the b eginning o f my
illness. Feeling a d esp erate need to  express myself I  had an ad
placed in the local paper for someone to come and spell and write
forme. The very same week thatavolunteerarrived ,Bioengineering
reprogrammed the Light Talker with the alphabet and connected it
to a p rinter. This  was my firs t voluntary outlet  in twenty months.
I set about writing letters,  exp laining my pos ition and how I felt
about my surroundings . It was extremely tedious work. Operating
the Light Talker was  s lo w go ing but my main ob stac le was  my
surroundings" (the hospital routines). "The regular staff readsome
of the things I wrote and realised that I had something up top. This
wasahuge step in my attempttotell everybody thatl was still here."

Most of the alphabet and p unctuation was transferred  to the spell
mode and  the remaining letters,  numbers , ed iting keys and s ome
addresses etc.,  were as signed to the c ommunic atio n mo de. The
spell and co mmunications mode selection keys were included to,
in effect, operate like the shift key of a typewriter. At this stage the
letters were in alphabetical order as John's vision was still impaired
and this  familiar layout assis ted in the selection p rocess.

John did not use the Light Talker for conversation at this stage. To
him it was a writing facilitator and it  was well and truly used  as
such. Another eleven months elapsed before the device was used
routinely for talking. To quote, John writes "It was almost a year
later that I realised I c ould use the c rys tal d isp lay o n the Light
Talker to talk to people, (slow learner), but it wasn't as simple as
I thought it wo uld be. Spelling is personal - one to one. it  was
extremely difficult to get used to communicating thro ugh a third
medium. The other problem was my slo w operation of the Light
Talker s o I  was only able to us e this  method  with a handful of
people. The res t  would gues s to o  much making the exerc is e
ridiculous. But I was pleased. For the first time in two and a half
years, I had had an interactive conversation and this was a break-
thro ugh.

Over the next few months I wrote a file for the staff explaining the
best way to do things for me, and the reasons why. This also served
as an introduction to me for new staff and agency staff that were
only with me for one shift.  T his  file changed  my life. T his was
the first time I could go to sleep with the knowledge I had a good
chance o f seeing tomorro w:'

The Light Talker was used  with this  simple layo ut for ap pro xi-
mately sixteen months  over which time John became quite expert
in its use and his eyesight improved. The layout was then modified
to frequency of occurrence order of the alphabet and after a week's
trial it was modified again, at John's request, to place the letters in
alphab etic al o rd er do wn the c olumns . This slightly mo dified
layout did not affect  the speed  of the selection significantly but
helped in the process of memorising the letter locations. The Light
Talker is  still p rogrammed with this arrangement of letters. John
comments on the rearrangement of the scan array: "The next step
was to rearrange the alphabet on the Light Talker in frequency of
occurrence order. The reason for this change was to allow me to
write faster, but the offshoot had a far greater impact. Being able
to put the letters up faster meant that I could now talk to anybody,
using my own co lour of speech. For the firs t time in three years
people began to see me as I really am."

The scanning rate achieved by John results in a production rate of
about 60 characters per minute.

METHOD: IBM PC -XT AND PC AID

Via the LightTalker John's ability to think and write was becoming
more and more evident. His letters to the Bioengineering Division
relating his situation were clear,  expressive and wise. It was also
known that John had begun to write a book about his life. It was
ob vious that a b etter writing to ol was  need ed . Thanks  to the
generosity of IBM (AUST) a PC -XT computer was donated. PC
AID was purchased and in October of 1988 John was introduced to
the IBM -DOS environment In spite of previouscomputeril literacy
John has thrived on every aspect of computing. The idiosyncrasies
of co mp uting have p ro vided a welco me c hallenge to Jo hn and
certainly have not been a barrier to its application. In John's own
words, "Later that year, Bioengineering introduced me to a com-
puter. It took me a few months to work it out and when the printer
arrived the staff could see I was capable of using this equipment

Thanks  to  the staff and  the peo ple behind  the s up ply o f this
eq uip ment,  fo r the fas t  t ime in fo ur years  I  was  s een as  an
intellectual equal, and treated as one.

I am now using Pe -Write for all my writing, and Pc- Keydmw for
graphics. Recently, a rabbit was pulled from the hat. My computer
was connected to the telephone network by the fitting of a modem
allo wing me to  use Viatel"  (an Australian information s ervice)
"and any number of bulletin boards. I have since joined Confer to
keep mein touch with the A.A.C. world. This computer is letting
me out there in mind, if not in body.

This is just the beginning .......
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METHOD: A COMP LEMENTARY S TRATEGY F OR
COMMUNICATION

John's system has evolved over a period of six years. Each of the
components have specific roles. Spelling is  us ed  whenever the
Light Talker and/or computer are not available. There are periods
during the d ay when it  is not p rac tical o r des irab le to  have the
communicatio ns  eq uipment in us e, e.g. , d uring p hysiotherap y,
when John wants to read or watch television. Spelling provides an
adequate means of communication in these s ituations.

The Light Talker is mounted on John's wheelchair. This provides
him with a communication tool on the raze but important visits that
he makes outside his mom. John also prefers to be in his wheelchair
when peo p le vis it The Light T alker is  his  fas tes t  means o f
co mmunication and  is  therefo re the mos t suitab le d evic e fo r
conversation.

The Light Talker is also us ed in combination with the computer.
Having bo th devic es available s ide by s ide, left  arm movement
op erating the Light Talker and  the right arm c lo sing P C AIDS
switch, was seen as  a milestone in the develo pment o f the to tal
system. With b oth devic es in pos it ion Jo hn could work o n his
computer without the interrup tion of ro utine c onversation,  the
Light Talker filling the lat ter role. Initially it was either a one or
the other situation. With the Light T alker in pos itio n Jo hn c on-
versed well but could not write. With the computer in position he
could  write and talk using the co mmand  line,  b ut each t ime he
talked it created an interruption to the text or whatever task was in
hand.

When John is in bed, and this can often be all day, the computer is
available. He has a switch orthosis for use in bed and the monitor
is on a sliding and tilting base that enables it to be quickly moved
into view over the bed.

This flexibility is crucial to the overall success of the system.

RESULTS

The social implications of this application of the Light Talker, the
IBM P C -XT /P C AID/MODEM co mb inatio n and the careful
implementation of this technology have been far reaching forJohn
and the people around him. More than just simple communication
has evolved. The benefits of the technology are listed below:

• Mental liberation including the ability to establish an intellectual
standing and identity amongst new friends and acquaintances and
to  reass ure old  friend s that  the d is ability is  who lly p hys ical.
Further, the technology has enabled John to  gain a form of inde-
pendence and control over his life.

• John's girlfriend was his constantspokesperson and protectorfor
three long and frustrating years. She was constantlyby his side and
devoted to his wellbeing. Three years ago she sought and was able
toadopta less intense role and began to make new life for herself.
The reasons are socially complex but there is little doubt that the
independence gained through technolo gy has had a strong influ-
ence in this change.

John has established anew set offriends. They are from all walks
of life but tend to have one thing in common and that is, of course,
an intense interest in computers. Thesepeople are important. They
enrich John's life in many ways. Some are known to him in person,
some are on the other end of a telephone line and would not have
the remotest idea that, for example their chess opponent has been
on a life support system and has not spoken a word for six years.
The barrier is down.

John's daughter has a computer and modem available at her foster
parents '  ho me. They often c hat real time via a bulletin bo ard.
When asked the question: Would you like the communication link

to be by voice from your daughter and print from yourself? - the
answer was  very po sit ively ' No' . With both parties us ing the
printed word there is a far greater degree of equalisation, a subtle
but very important p oint

• T hro ugh let ters  that  he writes  to his  d aughter he p lays  an
important role in her upbringing.

• Technology has provided the vehicle for areal purpose in life for
John. He is  writ ing an auto bio grap hy that  to  d ate numb ers
approximately 120,000 word s (approximately 200 pages). This
record will provide an invaluable insight into disability and through
the forc e and hones ty that  is characteris tic  of John's style, will
capture the minds and hearts of all who read it. Aclearendorsement
of the value of this work was received in October 1990 when John
was awarded a writer's grant from the Literature Board - Australia
Council, o ne of five granted  to Western Australian writers. John
submitted excerpts from the firstone hundredpages ofhis manuscript
as the main thrust of his application. John operates PC AID at its
maximum scanning speed and seldom misses a selection. He can
generate characters at a rate of 40 per minute. In a good week he
can ad d three p ages, or app roximately 1800 word s, to the bio-
graphy.

• John contributes to the care of other patients in similar circum-
stances via the written word.  He wro te the script and played the
lead ing ro le in a video pres entatio n that  Royal P erth Hos pital
produced as a teaching aid for the Speech Pathology students of
Western Australia.

• T he release o f unrealist ic  goals has been a byprod uc t of the
technology. Fo r some time the Rehab ilitation Engineering Clinic
worked towards  ind ependent mobility for Jo hn. With the very
limited limb  and  head mo vements available,  wheelchair mo to r
control presented a difficult problem. A wheelchair was purchased
and some progress towards head operated controls was made. But
there were problems and John wrote a letter on the Light Talker to
Rehab ilitation Engineering saying that he mo re than ap preciated
all that was being done regarding independent mobility, but were
we trying to persevere with something that  would never work. A
few months later, the computer, PC AID and the modem were up
and running and he wrote what is surely a very quotable line "I am
out there in mind if not in body ". The electric wheel chair was
passed on to another patient and many hours of what could have
been fairly ineffective development time were s aved.

DISCUSSION

This case study describes a unique integration of a disabled person
with an alternative communication strategy. The system described
works for John at  this p oint in time. It grew along with John's
understanding and accep tance of the equipment. In this case the
support team was also teaming, but it is clear in retrospect that the
provision of communic ation aids in general must be backed with
resources that can assess, commission, educate, upgrade and ser-
vice the equipment.

Both the no n - techno logical and technological appro aches have
importantroles in the overall communication system used by John.
However, the independence, freedom ofexpression, privacy and of
course the improvement in speed via the technological solutions is
very clearly demonstrated.

Further,  the app lication, sc op e and co mmunic atio ns  range o f
John' s co mputer c learly illus trates its p ower as a vo cational re-
habilitative tool.

Trevor Jones
Department of Medical Physics- Bloengineering Division
Royal Perth Hospital
Box X2213 GPO PERTH Western Australia 6001
Telephone: (09) 224 2500 Fax: (09) 224 3511
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18.1 ENHANCED NEOVASCULARIZATION OF HEALING PRESSURE SORES

WITH ELECTRICAL STIMULATION

Steven I. Reger, Shigeharu Negami, Edwin T. Reyes, Akira Hyodo
Department of Musculoskeletal Research

The Cleveland Clinic Foundation

INTRODUCTION

Although it has been previously determined
that the electrical stimulation of pres-
sure sores in denervated tissues promotes
healing', the biological effects of the
applied current have yet to be defined2.
The purpose of this study was to document
histomorphometrically the angiogenesis
near the end of the healing process and
quantitate revascularization in the granu-
lation tissue with and without electrical
stimulation.

METHODS

A recently developed animal model for
stage 3 pressure ulcers3 was used to study

the angiogenic effect of electrical stimu-
lation. This technique allowed the devel-
opment of deep, grade 3 or 4 tissue ulcer
in the flaccid monoplegic hind limb of the
mini -pig using a 3 cm diameter indentor
disk anchored by a percutaneous bone screw
to the greater trochanter. Ten pigs were
used in this study. Five of them were for
the direct current group and five were for
unstimulated control. The direct current
(DC) stimulation of the wound on each pig
began the day after wound debridement and
continued for three to four weeks, with
the wound stimulated for two hours each
day for five days each week. The applied
DC ampl itude was le ss than  1 mA with a
current density between surface electrodes
variable from 30 to 80 lA /cm2. Biopsy

specimens were obtained at 3 to 4 weeks
after the creation of the wound from the
perimeter of the healing pressure sore
wounds. Cylindrical 4 mm diameter tissue
specimens were removed with a surgical
punch from three locations . One specimen
was als o t aken  fr om the innervated op-
posite limb in each animal. The punch
biopsy specimens were then longitudinally
bisected and one -half of each was fixed in
formaldehyde. Three visual fields at 100
times magnification were observed under
the microscope. Each field of 1 mm2 was
selected to be 2 mm below the epidermal
surface in the newly formed granulation
tissue. Using the Bioquant his -
tomorphometric system, the vessels were
counted in each field and their outside
perimeter was circumscribed with the laser
image projected on the microscope slide.

The digitizing tablet and the system soft-
ware were then used to measure and calcu-
late the enclosed area. All the measure-
ments were summed from the three fields
and averaged to ex�ress the number of

mblood vessels per m or the vascular area

per m m of granulation tissue,

RESULTS

At the time of sacrifice, the blood vessel
count and the total vascular area was mea-
sured from the specimens and the results
shown in Table 1. In the DC stimulated
wounds, the mean blood vessel count was
19.2 ± 8.2 while the count in the unstimu-
lated control wounds as 9.4 ± 3.1. The
combined normal innervated vessel count
from the opposite limbs was 9.8 r 3,7, In
the table these values are shown sepa-
rately for the unstimulated and DC stimu-
lated animals. The DC stimulated granula-
tion tissue contained significantly
(p <0.05) more blood vessels than the un-
stimulated granulation tissue or the nor-
mal skin. Histomorphometry showed that
the newly formed granulation tissue of the
unstimulated wounds contained nearly the
same number of blood vessels as the normal
hypodermic connective tissue but the ves-
sels in the granulation tissue were mostly
enlarged venous arterial and capillary
types. The mean value of the total vascu-
lar area in the observed fields were (52.8
± 17 .2 ) x 10-3 mm2 in the DC stimulated

wounds, (31. 6 ± 13. 9) x  10 -3 mm2 in the

unstimulated wounds and only (11.9 ± 3.81)
X 10-3 m m 2 in the combined normal inner-
vated skin. (Values are shown again sepa-
rately fo r the two s e t s of animals in
Table 1.) The DC stimulated granulation
tissue contained significantly (p <0.05)
greater total vascular area than the un-
stimulated and the normal tissue.

DISCUSSION

The vessels in the normal skin were mostly
small capillaries while the vessels in the
healing granulation tissue were found to
be enlarged venous and arterial types. No
differentiation of the arterial from the
venous vessels was attempted , There were
a significantly greater number of vessels
with larger total cross - sectional area
fo u nd  in  th e  D C stimulated granulation
tissue 2 mm below the epidermal surface
than in the nonstimulated granulation tis-
sue at the same depth.
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Therefore surface DC stimulation seems to
enhance regeneration of blood vessels at
least in the upper layers of the granula-
tion tissue. These results demonstrate
the angiogenic effect of direct current in
the healing granulation tissue by enhanc-
ing the number and size of the blood ves-
sels.
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Animal
Number

TABLE 1. ANGIOGENESIS AT THE END OF HEALING

Number of Vessels Vascular Area

per mm
Z

x10 -3
mm

2/mm2

Denerv. Innerv. Denerv. Innerv.
Limb Limb Limb Limb

Unstimulated
1 8.5 ±4,0 - -- 33.4 ±17.7
3 7.6 ±4.2 12.0 29.5 ±21.5 16.8
5 8.1 ±0.7 12.0 39.1± 6.2 18.3
7 10.4 ±3.8 7.3 23.2 ±12.3 7.5
9 11.7 +1.9 10.0 33.4 ±15.7 11.0

Mean±S.D. *9.4 ±3.1 10.3 ±2.2 *31.6 ±13.9 13.4 ±5.0

DC Stimulated
2 11.5 ±5.9 18.7 41.5± 2.0 6.9
4 16.3 ±4,7 7.0 63.5 ±20.3 11.1
6 13.4 ±1.2 6.3 35.4± 7.9 11.6
8 27.4 ±7.4 7.7 61.6 ±17.7 13.1

10 27.7 ±5.2 6_7 61.0± 9.8 11.1
Mean±S.D. *19.2 ±8.2 9.3 ±5.3 *52.8 ±17.2 10.8 ±2.3

*p <0.05
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18 , 2 SPASTICITY IN SCI: DAY - TODAY VARIABILITY IN RESPONSE
TO JOINT MOVEMENT AND ELECTRICAL STIMULATION

Joyce Campbell, Paul Meadows, Robert Waters, Charles Carter,
Lynn Kashitani, Susan Oda, Leslie Miller

Rancho Rehabilitation Engineering, Downey, CA
California State University, Long Beach, CA

ABSTRACT

Spasticity alters voluntary (VOL) and electrically
stimulated (ES) muscle performance and associated
function.. Research designs to study spasticity or muscle
strengthening mus t consider spasticity as a  correlate  in
measurement. The purpose of this study was to measure
resistance to passive  joint motion (RPJM) and related
intramuscular electromyographic (IM -EMG) responses at
6 velocities before and after ES. PJM was performed in 7
SCI subjects (30,60,90,120,180 and 230 deg /s and the series
was repeated twice before and twice after quadriceps ES.
PJM was  controlled by an isokinetic  device. An IBM
PC /AT sampled voltages for calibration, gravity
compensation (GO and data acquisition. Fine wire
electrodes recorded EMG for integration and transfer to
the IBM. Repeated testing was done on 4 subjects.
Repeated measures ANOVA revealed an increase in RPJM
and EMG across velocities (p <.001) and a decrease in both
after ES (p <.001). SCI subjects differed on retest. RPJM
was related to recruitment curve characteristics and ES
muscle performance (p <.001). These findings have
application to goal setting in SCI, to research protocols and
to the design of computer - controlled ES systems.

INTRODUCTION

Spasticity, or involuntary contraction of muscle in response
to stretch, may augment or interfere with limb movement
as its severity fluctuates from time to time. VOL or ES
muscle performance and associated functional activity,
such as walking, vary in quality along with the variance in
spastic ity of the muscle under s tudy or of its antagonist
(1,2).  Determination of the relative  merits of therapies
designed to reduce spasticity or to strengthen muscle in
order to improve function must take this  variable  into
account. The lack of objective characterization of spasticity
is not surprising when the difficulties in measurement are
considered. An ideal measurement system would simulate
the amount and rate of muscle perturbation that occur in
patient function. Such a  system also would place the
individual in the position of function and orienta tion in
space required for daily activity (ie in the  s tanding
position with hip, knee and ankle in the critical positions
for upright mobility).  Unfortunate ly, there  is  no ideal
system at the present time. PJM has been used to
demonstrate a velocity dependent resistance to movement
in spastic patients (3 -5). RPJM was significantly greater in
SCI than in normal (N) individuals (5).

Reports  on the  effectiveness of ES in the  reduction of
spasticity have appeared in the literature since the 18Ws
(6). Electrical stimulation temporarily reduced spasticity
in hemiplegic, SCI and cerebral palsied patients , and
trends toward a 24 -hour per day effect of chronic ES on
spasticity have been reported (8 -9). Protocols for ES and

for evaluation of spasticity have varied as have the extent
of motor and sensory deprivation in the subjects.
Activation of reciprocal inhibition or spinal inhibitory
interneurons (Renshaw cells) in response to ES may differ
in patients with complete versus partial paralysis (9 -11).

The purpose of this  study was to measure  RPJM and
associated IM -EMG in the quadriceps and hamstrings at
six velocities of motion before and after ES.

METHODS

Subjects: Seven healthy SCI patients (3 quadriplegic and
4 paraplegic men) were studied. Time since onset of SCI
ranged from 4 months to 17 years. Subjects were unable
to contract the quadriceps and sensation was absent or
severely impaired. Subjects experienced spasticity in their
daily life, but it  did not prevent function. Medication
regimens were constant during the study period.

Instrumentation: PJM was  controlled by an isokfnetic
system (LidoActive, Loredan Biomedical, Davis, CA).
Analog s ignals  were  sampled by an IBM PC /AT for
angular position, velocity and moment. Prior to data
acquisition, calibration and GC (5 deg /sec) were
performed. 50u stainless steel wire electrodes, insulated to
1 -2 mm from the tip were used to record EMG signals. A
10 Hz filter removed movement artifact and signals were
amplified for rectification and integration (time constant:
200 msec) and sampled by a Data Translation DT2821 12
bit analog -to- digital converter at 100 Hz. ES pulses were
generated by a circuit board in the IBM PC /AT
(asymmetrical biphastc pulses, 300 user duration and 33
pps). Moment voltages were used as feedback to modulate
stimulus intensity.

Procedure: Subjects were asked to refrain from smoking
or injesting substances that might alter muscle responses
for 24 hours prior to the tes t.  Before PJM, IM -EMG
electrodes were placed in the vastus lateralis (VL) and the
long head of the biceps femoris (BFLH). Ten cycles of PJM
were performed sequentially at each velocity
(30,60,90,120,180 and 230 deg /s). Immediately following,
the PJM series was repeated. Raw and processed EMG
were observed during each joint oscillation to verify the
presence or absence of motor unit action potentials.

An ES recruitment curve (60 deg /s) was performed to
determine the stimulation intensity required to produce
approximately 50% of maximum ES knee extension
moment. This  value (Nm) was used as a target for the
following 40 ES knee extensions (60 deg /s). ES intensity
was  adjus ted to mainta in the  target moment when a
deviation of t 2 Nm was noted. Peak moment and work
were documented for each ES knee extension. The six PJM
velocities were repeated within 4 minutes and  a t 30
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min ut e s after the ES exerc is e. F o ur of the sub jec ts
retur ned  o n a  s ec o nd  d ay.

Mo me nt a nd  EMG wer e p lo tt ed  a gains t  kne e p o s it io n fo r
vis ual analys is  and  EMG (A /D units , ADU) ,  p eak mo ment
(Nm)  a nd  r es is t an c e  wo r k (Nm -deg) were calculated for
individual or summed PJM cycles. The BMDP statistical
package was used for descriptive statistics, correlations,
rep eat ed  me as u re s  ANOVA and  t -tes ts  with a Bo nfero nni
ad ju s tment  o f the  alp ha lev el.

RESULTS

SCI s ub jec ts  varied  in RP JM and  in the tempo ral nature o f
reflexive ac tivity. Sp as tic ity was  d oc umented at  30 deg /s ec
in s o me s ub jec ts  while in o thers  the velo c ity thres ho ld  was
ab o ve 180 d eg /s ec . EMG  wa s  mo s t  c o mmo nly  o b s er ved
ne ar knee exten s io n (ha ms tr in g EMG) o r  n e a r flexio n
(q ua d ric ep s  EMG),  b ut  EMG  wa s  p r es e nt t hro ugho ut the
ran ge in s o me ins tanc es (Fig 1). Ind iv id u al velo city
thres ho ld s  fo r the VL and  the BF LH were s een. RP JM and
EMG wer e grea tes t  in the firs t  f ew c yc les  o f  knee mo tio n
(ie cyc les 1-3) in selected subjec ts , a n d it pers is ted
thro ugho u t the 10  c yc les  in o thers (Fig 2).

T her e was  no  s ta t is t ic a l d iff ere nc e  b e twee n t he fir s t  and
s ec o nd  s erie s  o f P JM wit hin a tes t  s es s io n. Ho we ve r,  in
several subjec ts knee movement in the  f i rs t series  o f 6
velo c it ies  res ulted  in lo wer RP JM as  well as  red uc ed  EMG
in the  s u b s eq u ent  me as ure men ts (Tab le 1).

T

Fig 1. EMG (ADU) from the VL (top) and BFLH (bottom)
versus knee position (16 - 87 deg Flexion). Reflexive
quadriceps activity was greatest in knee flexion and
hamstrings were most active near knee extension in this
paraplegic subject.

RPJM and EMG of both BFLH and VL increased with
velocity of knee motion (p <.001). A reduction in RPJM and
EMG was observed in the immediate post - stimulation PJM
series (p <.01). Although there was no significant difference
between the immediate post-stimulation measurements
and those taken 30 minutes later, there was a trend toward
a return to pre ES values. Not all subjects improved after
ES. Hamstring spasticity increased after stimulation in one
subject and limited knee extension after ES (Fig 3).
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Fig 2. Moment (Vm) versus knee position (deg) for 12
cycles of PJM. The greatest RPJM occurred in the first 4
cycles at 180 deg /sec in the first test (top) while RPJM was
consistent across cycles, onc e the Lido moment arm
reached 180 deg /sec.

Fig 3. Moment and EMG vs position (30 deg / sec). Pre-ES
range=16.87 deg knee flexion (top). Post -ES r ange--45-83
deg knee flexion (bottom). Hamstring spasticity prevented
knee extension and quadriceps RPJM was reduced after
Es.

RPJM, peak ES knee moment, ES work during the 40 ES
contractions, the rate of fatigue during ES and the change
in moment after ES differed from one patient visit to the
next (Table 1) . RPJM was related to the responses to ES on
any one visit. Recruitment curve characteristics and ES
responses were predictive of RPJM when ES peak moment,
and the rate of ES fatigue over 40 knee extensions were
included in the regression analysis (p <.001, F =9.3).
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Table 1. RPJM and PS muscle performance on two days
In one paraplegic subject. PJM at 6 velocities, Series 1,
immediately followed by Series 2

Visit 1 Visit 2
RPIM series t series 2 Series 1, 1 2

VEL RW RW RW RW
30 98 86 908 7119
60 86 110 1086 759
90 178 1 % 447 8115

120 295 310 932 501
180 656 627 876 779
230 721 829 1060 934

Recruitment Curve

visit 1 Visit

PM 36 Not 19.4 Not
ST••• 110 mA 60 mA

ES Exercise
(Target

-

12 Nm, 40 repetitions)

Total Work (Nm) 267 167
Time to 50% 1 Nra(sed 120 72

RPIM after ES (Nm)

30 deg /sec T114% t55%
230 deg /sec T36% 147%

• RW - Total resistance work (Nm-deg)

••PM
a

Peak moment (Nm)
•' • SI = $timulus Intensity (ma) associated with PM

•"• Hamstr ing spashelty tedumd PM at r60 mA

DISCUSSION

The methodology employed in this s tudy can be used to
characterize spastic knee responses in SCI patients during
a particular tes t session. Each patient demonstrates  a
unique pattern in terms of velocity threshold, location of
reflexive response in the range of knee motion and the
persistance of the response over repetitive movement of
the joint (le cycles 1, 2 and 3 versus cycles 7 through 10).
SCI subjects  vary from day to day and resistance work
values measured in one visit cannot be used to normalize
data gathered at a different time. Spasticity does appear to
influence ES recruitment curves and ES muscle
performance in a predictable way. It is proposed that a
measure of spas ticity be used to normalize ES muscle
performance to establish baseline data and to detect
change as a result of intervention.

Although there was a  statistical reduction in RPJM and
IM -EMG activity immediately following ES, not all subjects
were improved. Additional data are needed to improve the
confidence of this conclusion. The laboratory stimulation
sys tem employed here  did not permit ramping of the
stimulus intensity which would reduce the possibility of
eliciting hamstring spasticity (Fig 3).

Technical and procedural considerations need to be given
to the SCI patient when an isokinetic device is used. First,
GC must be done at the slowes t poss ible velocity (ie  5
deg /s) to avoid muscle contraction as the limb is weighed
throughout the  joint range. Second, the  inertia l effects
observed a t the  end ranges  may be omitted from the
analys is of normal joints (1). This  omission, however,
would eliminate RPJM seen near the  extremes of joint
motion in the  spas tic patient. Third, the  moment arm
acceleration period, that my be ignored in normal
individuals, may be the time when the spastic patient is
demonstrating both resistance work and EMG activity. All
cycles, 1 through 10, must be studied with the
understanding that the first few cycles are not at the target
velocity.

The information obtained in this  preliminary study can
improve documentation of the outcome of ES protocols
des igned to augment muscle  performance. It also has
application to the design of computer- controlled
stimulation sys tems. Manual adjustments need to be
available to modify stimulation parameters, at least in a
global fashion, to accommodate for changes in Spasticity
on a daily basis if ES systems are to be useful in the home,
school and workplace.
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ENDOGENOUS POTENTIALS OF HUMAN SKIN INJURIES

Aleksandra Jercinovic, Stanislav Rebersek, Lojze Vodovnik, Fedja Bobanovic
Faculty of Electrical and Computer Engineering, University of Ljubljana, Ljubljana,

Yugoslavia

Abstract

The present study deals with endogenous
potentials of skin injuries (abrasions,
Pressure sores) in  humans and their role in
the healing process. The preliminary results
consistently demonstrate positive and
markedly higher potentials at the injury
sites (ranging from 22 to 54 mV), compared
to the potential of intact skin surface. The
effects of electrical stimulation on
endogenous potentials of pressure sores were
examined as well.

Introduction

The endogenous electrical properties of living
systems and the possible employment of
externally applied electricity for influencing
natural processes appear to be a
complementary phenomena which have been
motivating researchers through centuries /1 /.
Chronic wounds are a troublesome problem
with complex and not totally understood
etiologies and it concerns a numerous patient
population (spinal cord injured (SCI) patients,
immobile elder people, diabetic. patients etc.).
Due to difficulties in preventive treatment,
which would remain the best approach to this
problem, electrical stimulation modalities seem
to be an effective and simple method for
treating chronic wounds /2,3/. However, due to
the lack of knowledge regarding the
mechanisms through which electrotherapy
might augment soft - tissue healing, application
and confidence in this promising treatment has
not increased proportionally to its benefit.
Our search for an explanation of the influence
of externally applied electrical current on the
healing process led us to the measurement of
endogenous electricity /4,5/. Although we are
still fax from determining the role and
significance of bio- electric potentials
(endogenous potentials) in the wound healing
process, we present the preliminary results of
the endogenous potential measurements of
injured human skin. Due to ethical and
practical reasons, measurements of voltage
gradient over experimental wounds in humans
by means of the progression of injury into
deeper tissue planes are not feasible. Therefore,
potential measurements were performed on two
types of injuries: skin abrasion in healthy
volunteers (affected epidermis) and pressure
sores in  SCI patients (tissue damage down to
subdermal space). The purpose of our study
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was to identify the endogenous potential of the
abrasions /pressure sores and intact surrounding
skin and from the obtained values make an
assumption regarding the location of possible
sources of endogenous potential. Our intention
was also to examine the possible effects of
electrical stimulation (ES), used to enhance the
wound healing, on the endogenous potential of
the pressure sores and the surrounding skin.

Method

For the endogenous potential measurement an
instrument with a Burr -Brown electrometer
amprlifier 3431J (differential input impedance of
101 52) was used. In order to insure low DC
resistance of the electrode /electrolyte interface
and a stabile half -cell potential, Ag -AgCI
electrodes v.,ere chosen. Electrical contact
between the sterilized electrodes and the tissue
was made through physiological solution. The
electrodes had an electrode potential of less
than 2 mV and a drift of less than 0.5 mV per
hour. The electrodes were checked before and
after each measurement. Positioning of the
electrodes was performed by means of a
manipulator. Initial transient phenomena
lasted for less than 1 min. The readout was
done after a quasi - stationary (up to t3m V)
value was attained for at least 3 min.
The measured voltage (endogenous potential)
was the difference between the potentials of the
two selected points with the reference electrode
always placed distally on intact skin. The
measurement setup is shown in figure 1.

ELECTROMETER
DISPLAY

AMPLIFIER UNITY GAIN
(input impedance AMPLIFIER

>

1011Oh m ) ANAW
RECORDER

EI 2E R As-AgCI EIECTRODPB

1
INIORY INTACT SKIN

Figure 1. Measurement setup.
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End oge no us  Pot entia ls

Abras i on

In order  t o ide nt ify  t he  endo genou s  pot entia l of
t he abras io n, 8 hea lt hy volunteers were
invo lv e d in the  s t u dy .  E le ct r ic al  me as ure me nt s
were  d one  on t he  ski n s ur fac e  o f t he  fo rea rm as
follows: o n int ac t skin (du ri ng 5 successive
days), intact skin just before abrasion,
imme d ia t e l y after it a nd daily du r ing the
hea li ng proce ss (u p  t o  9  d a y s ) .  T he  me a s u re d
volt age was t he difference between the
pote nti a ls of t he two selected poi nts o n the
skin; first intact - intact, and then (after the
abrasion) intact - injured. The abrasion was
ab ou t 1 .5  c m 2 large.

Pre ssu re sore

Endo genou s pot ent ia l me as ure me nt s were
pe rforme d o n 4 SCI in- pat ients hav ing sacral
pressure sores (tissue da ma ge inc lud ing
su b d erma l space). T he preservation of the
measurement protocol used in case of abrasion
was imposs ible . T he me as ure me nt s of t he
endo ge no us potentia ls of t he pa ti ent ' s sacral
skin area before dev elo pme nt o f  t he pressure
sore  we re  not  f eas ib le .  Al so  d ue to  a  l ong te rm
hea li ng ( a  fe w mo nt hs ) re qu ir ed  for  s uc h so re s ,
it would be ha rd to follow the endogenous
pot entia ls du r ing t he healing process.
Therefo re , t he endogenous potentia ls of t he
cl os e  su r ro undi ng of  t he  so re s  c ompa re d  t o the
int a c t sk in were measu red, followed by the
endo ge no us pot ent ia l me as urement of the
pressure sores compared to the sa me int ac t
area . Me as ure me nt s were perfo rmed du ri ng 5
successive days . In t he case of 2 pat ients
tr ea t ed  wi th ES  to  e nha nce  the  hea l ing p ro c es s
of the pressure sore /3/, the above described
me a s u re me nt procedure was per forme d b efo re
and  i mme d ia t e l y  af t er  2 hou r s  o f  ES .  C ons ta nt
di r ec t  c u rr e nt  of  an amp li t ud e  o f  0 . 6 mA,  wi t h
two  e l ec t ro d es  pl a ce d  o n the  i nta c t s ki n i n t he
sore  sur rounding, wa s  us ed.

Resu lts

Abras i on

The  me as u re d  p o te nti a ls  of  he a lt hy i nt a ct  sk i n
were within the range of 15 to -10 mV. The
endo ge nou s  po t enti a l s be fore  a nd i mme di a te l y
after abra s ion are shown i n figure 2. T he
endo ge no us potentia ls of the abras ions were
fou nd  t o b e  mo re po s i ti ve  (r anging 28  - 41  mV)
co mp a re d t o t he pot ent ia l o f  i nt a c t skin. A
general tendency of the endogenous potentials
du ri ng t he  hea li ng proc es s ,  r ep o rt ed  b y Bu rr  e t
al. / 6 / ,  w a s  no t observable . Af t e r  t he  hea l i ng
was compl et ed meas ured potentia ls on 'scar
sites' were within the range of those measured
on i nta ct  sk in.

® abrasion
immediately
after injury

0 intact skin
50 before injury

4D0 .

20
Pd

20

m
o A B c D a r c a

Subject

Figure 2. Endogenous potentia ls before and
imme dia te ly  af ter the  abras i on.

Pressuresore

The endogeno us  potentia l s  of the  pre ssure  sores
( 22 t o 54 mV ) were marked ly higher t ha n
those of the sore sur rou ndi ng i n all
mea sureme nts , r ega rdl es s  o f t he  sore  t rea tme nt
(conventional or with ES). In t he pati ents
receiving ES, less cons is tent values of the
endoge nous  p otenti a ls  of  the  s ore  su rround ings ,
va ry ing i n s i gn a nd ampl it u de , we re  ob se rv ed .
The results presented in figure 3. suggest the
enha nce ment of t he difference between t he
potential of the sore and the one of its
surro unding bei ng influenced b y ES.

clae rae narouedly
5+ 70 Co"MNAL 03CrRICAL STOMAnox
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Figure  3.  Endo genous  potent ia ls  of  the  pressure
sore s  a nd the ir s urrounding a rea  (me an± S.D . ).

Discussion

T he endogenous potentia ls of injured hu m a n
skin we re  found to be  pos iti ve  and s ignifi cantly
higher t ha n t he variable baseline value
obtained on intact skin surface (stratum
corne um). T he measured volt ages  of abra s ion
on forearm are within the range of
transepi the lia l  pot ent ia l mea sure d by  Ba rker  e t
al. / 4 / . T he changes in sign of endogenous
po t ent i a l  du r i ng the  he a li ng, r ep o r te d  b y  Bu r r
et al. /6/, were not observed.
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Endogenous Potentials

Even though the comparison of endogenous
potentials of an abrasion and a pressure sore is
not adequate due to difference in skin,
underlying tissue and general state of health, it
is interesting that the results suggest the injury
with a greater degree of affected tissue not to
be associate with significant additional
endogenous electrical activity. However, the
number of sores included in the measurements
is too small to draw a conclusion and an
extended study is needed.
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DIFFERENT MODES OF ELECTRICAL STIMULATION FOR REDUCTION

OF SPASTICITY IN CP CHILDREN
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Abstract

The effect of electrical stimulation with
direct motor response. and without it on
spasticity of ankle joint muscles were
studied. Resistive torque of ankle joint
passive movements on Achille's tendon
reflex for observation of spasticity was used.
A decrease of tonic stretch reflex was
observed with both types of stimulation,
while the ratio  of Achille's  tendon reflexes
remained unchanged.

Introduction

In the therapy of children with cerebral palsy
(CP) there are generally various therapeutic
methods used to facilitate realizable motoric
patterns. As a result of secondary consequences
of the motoric deficiency, surgical interventions
are not rare, such as for instance the
lengthening of the Achille's  tendon etc. Before
and after a surgical intervention, such children
are given - at least in advanced centers - a type
of therapy which is based on neurophysiological
principles. Among these types of therapy the
most known is the Bobath method (1).
Together with these methods the functional
and therapeutic electrical stimulation (2) has
been found as an extremely applicable
method. Similarly as other therapeutic
methods, electrical stimulation is also not
universally applicable. On one side this means
that it  cannot be expected to  achieve the same
success in all children, and on the other one,
the electrical stimulation can even be
contraindicated. Namely, investigations of
Gracanin and his co- workers (2) have shown
that the functional and therapeutic electrical
stimulation is  most successful in children with
a pu re spastic paresis, while in children with
atetosis or ataxia the results are considerably
less significant or there are none. According to
Gracanin, electrical stimulation is even
contraindicated in  cases in  which clinical signs
of hypotonia are present, because the inhibitory
effect of the electrical stimulation additionally
worsens the equilibrium of forces necessary for
stabile standing and walking.

term effects of a half an hour lasting
stimulation. The principal task is  to  find ou,t
the difference between the passive stimulation
while sitting and the active stimulation during
walking for two different types of the
stimulation. To allow a direct comparison with
the results of other studies performed, the
already mentioned stimulation of n . peroneus
was chosen for the first mode, and the
stimula +.ion of dermatomes S1, S2 for the
second mode. The stimulation of dermatomes
was selected as a result of the fact that
investigations in paraplegic patients (3) have
shown that this type of stimulation can have
quite greater impact on the lowering of the
abnormal reflex activity  than the usual efferent
stimulation of the motoric nerve. On the other
side such a type of stimulation has practically
no effect in hemiplegic patients (4). It was
therefore of interest to discover the effects of
dermatome stimulation also in CP children.

Measuring method

Among methods for the assessment of the
spasticity in children those one that give
clinically applicable results and at the same
time do not trouble the child by Ion
measurements or do not cause painful
intervention should be chosen. The following
two methods seem to be suitable for children
according to above criteria: measurement of
resistivity to the passive motion at various
speeds and measurement of the Achille's
tendon reflex. Thus we decided to implement
them in our study. The measurement of the
resistivity to the passive motion is widely used
for testing of spasticity  and it is  described by
many authors (5). For the assessment of the
resistance the average value obtained from four
different frequencies (0.1, 0.5, 1 and 2 Hz) of
the motion along the sinusoidal trajectory of
the position in the ankle was used in the
present study. The mean value of the
resistance at each individual frequency was
calculated on the basis of ten subsequent
motions of the ankle. The overall resistance as
a measure of spasticity before or after
application of stimulation was then calculated
according to the formula:

4 10
The studies made so far have been based on R  =  1 1 E r; m a xthe stimulation of the n. peroneus, while the 4 ; =1 i =1

target of the described study is  to  find and to where:
compare the effects of additional modes of ri m a x - maximal value of resistance to the
stimulation on spasticity in CP children. For passive motion within one period and
the time being the study is limited to short at on,: frequency (f,, j  = 1, 2, 3,4)
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It is important that beside the resistance as one
of the parameters which indicates the spasticity
status, also a electrompgraphic activity (EMG)
of agonistic and antagonistic muscle group is
measured. The EMG measurements provide a
better insight in changes occured after
application of electrical stimulation regarding
the tonic and phasic part of stretch reflex
activity. To detect the EMG activity of
agonistic and antagonistic muscle group, disc
electrodes (silver - silver cloride) of 1 cm
diameter were used, located in pairs at the
distance of 3 cm between each other above the
tibialis anterior and soleus muscles. All the
four signals (2 EMG channels, position and
resistance) were simultaneously registered
during the measurement on a paper and
magnetic tape recorder.

Apart from the resistivity to the passive
motion, the measurement of the Achille's
tendon reflex was implemented to provide a
rough assessment of excitability in the reflex
loop. Since this measurement is known and
generally applicable in neurophysiology, it will
not be described in detail, nevertheless we
consider it necessary to mention which of the
reflex parameters were used in the study. At
each measurement, the average response
pattern was calculated, constituting of 32
subsequent awakenings of the tendon reflex,
following each other in the time interval of 2 s.
Owing to the fact that in  CP children it is the
reciprocity function that can be highly effected
- so that there may even be incidences of the
reciprocic excitation (6) - the ratio  between the
maximal amplitude of responses in the tibialis
anterior and the soleus muscle was taken for
the estimation of the excitability state.

The clinical tests over four measurements were
made on each child. The time interval between
individual measurements was at least 7 days in
order to avoid the influence of an eventual
delayed effect of the stimulation mode in  the
forme treatment on the results. The
measurements followed each other in the
following order: the first measurement was
meant to assess the effect of the stimulation of
the n. peroneus during walking, the second one
the effect of the stimulation of the n. peroneus
without walking, the third one the effect of the
stimulation of dermatomes without walking,
and the last one the effect of the stimulation of
dermatomes during walking. Each time the
duration of the stimulation was half an hour.
Prior to the stimulation the entire
measurement had been performed (resistance
to passive movement and ATR) to document
the present state of the spasticity.
Immediatelly upon the stimulation a second
measurement was performed under the same
conditions as the first one.

Measurement results

Ten children were measured according to  the
described protocol. In seven of them a
measurable decrease of the average resistance
to the passive motion was noted in the range
between 10 - 25 % of the value measured
directly before application of the stimulation;
in other three children the changes were
nonsignificant. The decrease of the resistance
was simultaneously accompanied also by a
change of patterns of the EMG activity in  both
muscles which exhibited itself as a decrease of
the tonic component of the stretch reflex, while
no important changes of phasic component
were noted in  any of the caress. Fig. 1 shows
the changes of the resistance for one child
obtained at all four types of stimulation. In the
remaining six children the changes of the
resistance were similar although of lower
values. In addition to the changes of the
resistance, the change of EMG pattern is shown
in Fig. 2 for the same child before and after
dermatome stimulation without walking and at
2 Hz of passive motion. Regarding different
kinds of the stimulation it has to be pointed
out that they were approximate)1 -ly equally
effective in decreasing the resistance in all
children, since the small differences were
nonsignificant. Similar are also the results of
the measurements of the Achille's tendon
reflex. The comparison of ratios showed, that
in no case there was an evident change in spite
of the fact that the absolute values of the
response to taps on the tendon after the
stimulation were smaller in some children up to
60% and the amplitude increased in none of the
cases.
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Fig.l. Effects of different stimulation
procedures on decrease of resistance in
subject K. A.
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Fig.2. Comparison of resistance to passive
motion and EMG activity in tibialis
anterior and soleus muscles before and
after stimulation of dermatomes during
walking for subject K. A.

Conclusions and discussion

The so far obtained results  of the study show
that the exteroceptive stimulation without a
direct motoric response is for CP children
equally efficient with regard to the reduction
of the resistance as the stimulation by a direct
motoric response. This is  quite surprising with
regard to the hemiplegic or paraplegic patients.
Thus at the same time it  proves the fact that
the pathology of 0P children is neither exactly
like those in hemiplegic nor in paraplegic
patients. Practically any kind of stimulation
can produce the reduction of the resistance
always accompanied by the reduction of the
tonic activity as a response to the induced
motion of the ankle. The rate of changes of the
tonic response is  such that it  is  not possible to
have it attributed only to the known weak
repeatability of parameters, that characterize
spasticity. It is interesting that in some
children none of the stimulation procedures
proved to be effective. The results  of Achille's
tendon reflex are partially  consistent with the
findings of Gottlieb et al. (6) since the
unchanged ratio between agonist and
antagonist EMG does not mean that the
excitability  on the level of the motoric neurons
has not changed, i.e. decreased, particularly  as
we have noticed in most of the children a lower
absolute value of this response. Such a decrease
is of course additionally proved with the
disappearance of the tonic component of the
stretch reflex detected through passive motion.
It seems therefore that electrical stimulation
can decrease the overall excitability of the
motoric neurons.
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IMPROVED VOLUNTARY GAIT PATTERN POST STROKE, FOLLOWING TREATMENT WITH THE
MULTI - CHANNEL, INTRAMUSCULAR, MICROPROCESSOR -BASED FNS SYSTEM

Janis L. Jacobs, Katherine B arnicle, E. By ron Marso lais
VA Medica l Center , Cleveland Ohio

ABSTRACT

Within a single case study design, we investigated
the effects of FNS exercise /gait training on volun-
tary gait pattern post stroke, using a mult ichan-
nel, intramuscular, microprocessor -based FNS
system. Subject A was age 46, and 4 years post
lef t CVA, resulting in a gait pattern characterized
by absence of normal swing hip /knee /ankle f lexion
of the paretic limb and the presence of three
compensatory strategies. Ten muscles were
implanted; individualized FNS exercises and gait
training were provided 3 -12 times /month for 9
months. Kinematic data quantif ied improvement:
normal knee f lexion at toe of f, normal peak swing
knee f lexion, close to  normal knee extension prior
to heel strike, and resolution o f prior compensa-
tory strategies.

INTRODUCTION
Stroke is the number one cause of neurologic
disability and second only to arthritis as the overall
cause of disability. Following conventional rehabili-
tation, over 70% of  stroke patients demonstrate
residual functional disabili ty which interferes with
mobi lity and self care. Development of more
effective techniques which improve lower extremi-
ty function wi ll improve the quality of  lif e and
reduce associated health care costs for stroke
patients. Within a single case study design, we
investigated the effects of FNS exercise /gait
training on voluntary gait pattern post stroke,
using a multi - channel, intramuscular, microproces-
sor -based FNS system.

METHODS AND MATERIALS

Subject description
Subject A was age 46 and 4 years post lef t CVA.
His gait pattern was characterized by absence of
the normal swing hip /knee /ankle flexion o f  the

right paretic limb. He used three compensato ry
strategies: right swing circumduction, right pelvic
elevation, and early left stance plantarf lexion.
According to  clinical records, Subject A demon-
strated this unchanged baseline gait pattern fo r
over two years prior to admission into the research

program.

Muscle implantation
Ten muscles were implanted with electrodes using
local anesthesia and a hypodermic needle tech-

nique ( Marsolais, 1986). Implantation was per-
formed for those muscles exhibiting dysfunction in
isolated movement control or in gait pattern
movement. The muscles implanted for Subject A
were: right long and short heads o f biceps femo-
ris, iliopsoas, gracilis, sartorius, tensor fasciae
latae, vastus medialis and lateralis, anterior tibialis,
peroneals, and gastrocnemius /soleus.

Eauioment
Electrodes were constructed of 10- strand stainless
steel Teflon- coated wire with the leads configured
in a double helical coil around a polypropylene core
(Scheiner, 1990). The leads exited the skin and
connected to a portable stimulator which was
based on a V40 (NEC) microprocessor. Prepro-
grammed activities such as walking and stair
climbing as well as exercises could be selected
from a menu by using a hand switch. A special-
ized computer program, Vortex (Borges, 1989),
was developed to be used on a MicroVAX 11 to
create FNS patterns. All implanted muscles could
be stimulated in any combination and sequence.

Data collection
Video documentation was made using a Panasonic
Industrial Camera and a SONY U -Matic Cassette
Recorder. Kinematic data collection was per-
formed using a video -based data acquisition
system made by Motion Analysis Corporation,
This system recorded three dimensional movement
in space from markers placed on body landmarks.
The analysis of  data was performed with a SUN
MicroSystems 4/110 Computer, using a program
developed by Motion Analysis Corporation and
customized by our laboratory. Data was collected
at months 1, 5, and 9.

Preparatory Evaluation
Movement analysis, voluntary muscle function,
FNS - driven and FNS - assisted muscle function
were evaluated. Acceptable stimulation parameter
ranges were determined. Using all this info rma-
tion, the fi rst stimulation pattern was devised.
The desired FNS - driven movement was tested for
effectiveness, and the FNS pattern variables were
adjusted as needed. All st imulation parameters
were adjustable, except amplitude which was held
constant at 20 mA (pulse width 0 -150 micro secs;
frequency 16 -50 Hz). The FNS gait pattern was
synchronized with the subject 's gait using fo rce
sensing resistors by Interlink Electronics aff ixed to
Sorbothane insoles.
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Figure 1. Mean improvement of  three gait compo-
nents (cadence 52 s /min) during a nine month
period in which FNS exercise /gait training was
provided 3 -12 t imes /month. Normal mean values
were taken f rom W inter (1987) at cadence, 75
s /min. The vert ical bar at each data po int repre-
sents range of variation, and range limits are given
in parentheses. The vertical bar for normal repre-
sonts standard deviation (Winter, 1987),

Treatment methods
Treatment was a systematic use o f FNS to  assist
in or cue muscle contraction in no rmal combina-
tions and sequences. Treatment was provided 3 to
12 t imes per month for 9 months. FNS treatment
of  stroke was perfo rmed simultaneously at three
levels. Level 1 was FNS - driven exercise to improve
strength, endurance, and coordination of  muscle
or groups of muscles. Level 2 was the FNS - driven
functional movement of  walking. Level 3 was FNS
and vo luntary movement integrated to retrain
coordination o f complex movements.

RESULTS

The video record of the gait pattern for Subject A
documented an improvement o f  the overall gai t
pattern f rom right swing circumduction (prio r to
treatment) to voluntary hip /knee /ankle flexion
during swing (post treatment). Results fo r Subject
A can be divided into two categories: 1)improve-
ments of three gait components (Fig. 1 ) and

Figure 2. Mean increase beyond normal f o r two
gait components, with all conditions as in f igure 1.

2)increases beyond the normal movement pattern
fo r two  gait components (Fig. 2). The plotted
data in Figures 1 and 2 were collected using the
video -based data acquisition system and obtained
by calculating the mean of  three gait cycles within
a single walking trial. The vert ical bar at each data
point indicates range of variation; range limits are
given in parentheses.

Imorovements in swing ohase knee f lexion and
extension (f ig. 1). Swing phase knee flexion
improved to normal movement excursion bo th at
toe off (42 0) and at peak knee f lexion (67 0). See
Figure 1 a and b. Swing phase right knee extension
prio r to heel strike improved f rom 18 0 to  7 0 of
right knee f lexion immediately prior to  heel strike
(Fig 1c).

Increases beyond normal f or swing hio and ankle
flexion (f ig. 2). Prio r to treatment, swing phase
hip f lexion occurred in conjunction with a pendular
motion o f the right leg as a straight uni t circum-
ducting around the hip jo int. After FNS exer-
cise /gait training, hip f lexion occurred in conjunc-
tion with a more normal hip /knee /ankle flexion
movement. However, post- treatment hip and
ankle f lexion were performed beyond normal range
by 22 0 and 14 0, respectively.

In determining the meaning o f the changes in gait
pattern f rom month 1 to  month 9, one may com-
pare the range o f  variation on a given test date
with the magnitude of  change between month 1
and month 9 test dates. The vertical bar at each
data point represents range of variation, and range
limits are given in parentheses. In Figure 1 the
ranges of variation for each test date are relatively
small compared with the large changes between
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months 1 and 9 fo r each gait component. With
small rangos of variation and large improvements,
we can suggest that the improvements are mean-
ingful.

In Figure 2 the range of  variation o f  swing hip
flexion at month 9 was f rom 30 0 to  50 0 , a large
variation relative to the smaller increase in mean
flexion f rom months 1 to  9. The large variation of
swing hip f lexion raises questions regarding the
meaning o f  the  data. These questions are ad-
dressed below. For ankle dorsif lexion the ranges of
variation at months 1 and 9 were small in compari-
son to the increase in dorsif lexion from months 1
to  9; we can suggest that the increase is mean-
ingful.

In summary, after FNS movement retraining, at a
cadence of 52 steps /min, the subject demonstrat-
ed fo r voluntary gait right swing: normal right
swing knee f lexion throughout swing phase, close
to normal right knee extension prio r to heel strike,
increased right swing hip and ankle f lexion, re-
solved pelvic hiking, reso lved circumduction, and
reso lved early contralateral stance plantarf lexion.
Without the FNS system, and at faster cadences,
the subject sti ll required verbal and tactile cues to
perform the improved movement pattern described
above.

DISCUSSION

Subject A's kinematic data indicate an overall
improvement in gait pattern. However, swing peak
hip and ankle f lexion increased beyond normal. It
is important to  no te the large variation (20 1 ) of
swing peak hip f lexion at month 9. The large
variation at month 9 could mean that the change
from month 1 to 9 is not meaningful and is likely
due to subject range o f  variation. However, no
other gait component showed such range of
variation; and in f act, this component, peak swing
hip f lexion, did not show a large range of variation
at month 1. The reason for the large range o f
variation seen exclusively f or peak hip f lexion at
month 9 only, could be relatea to the process of
motor learning. The subject was attempting to
change from a circumducted swing phase pattern
in month 1 to  a normal hip /knee /ankle flexion
pattern in month 9. This subject may have found
over t ime, tha t his newly learned swing phase
knee f lexion was inconsistent. To compensate for
the possibility o f stubbing his toe and falling, he
may have adopted the increase beyond normal of
swing hip and ankle f lexion, f inding the increased
ankle dorsif lexion to be consistently useful and the
increased hip f lexion to  be useful only on occa-
sion, resulting in the large range o f  variation at
month 9.

The improved gait demonstrated by Subject A
indicates the importance o f  further study o f the
use of FNS as a movement re- training tool and as
an assistive device. Two major diff iculties arise in
considering a fo rmal study of  the eff icacy o f any
treatment for the spastic subject. First, it is

dif f icult to measure changes in motor control f or
the neuro logically impaired. Secondly, it is dif f i-
cult to  control for and /o r predict outcome for the
stroke subject who may exhibit spontaneous
recovery of motor function. Nevertheless, it may
be worthwhile to  investigate the ef f icacy o f FNS
fo r the acute stroke patient. Early. use of FNS
post- stroke may prevent muscle atrophy, prevent
development of abnormal movement patterns, and
preserve joint integrity.
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ABSTRACT

The purpose of this  paper is  to present a  preliminary
comparison of the energetics of knee exercise  in normal
(N) and spinal cord injured (SCI) subjects. N performed
maximal effort (MVC) (60 deg /s), submaximal voluntary
(VOL) exercise (40% MVC) with open circuit spirometry
and electrically stimulated (ES) exercise at 40% MVC, or
the maximum tolerable ES. SCI subjects did the same ES
protocol at  40% of maximum ES moment. Moment,
velocity and position from the isokinetic device
(LidoActive) and metabolic data (Sensormedics Horizon)
were sampled by an IBM PC /AT. ES was generated by
the IBM and blood lacta te  was  sampled during res t,
exercise and recovery (YSI Model 23L). VOL exercise was
more efficient (EFF) than ES (27 vs 23 %) and fatigue
correlated with EFF. SCI subjects had higher lactate levels
at lower work rates and were less EFF than N in ES (10 vs
23 %). These results show the need for further study of the
extent to which SCI muscle can be trained to be more EFF
for ES function. This information may be useful to help
SCI patients understand that ES systems  of the present
cannot replace the wheelchair.

INTRODUCTION

Electrical stimulation is a valuable  c linical tool in the
management of stroke, head trauma and spinal cord injury
(SCI). For the  patient with res idual control, ES may
improve VOL force  generation and timing of muscle
contraction through a  varie ty of mechanisms . In t he
completely paralyzed individual muscle performance and
function are dependent upon ES. Muscles must be called
upon in the  proper sequence and they mus t generate
suffic ient force  to s tabilize  joints  or to move a  body
segment. Muscle performance must be reproducible for
repetitive activities such as walking and economical
enough to be supported by the patient's energy reserves.
Although there  are new s tra tegies  on the  horizon for
sophisticated ES muscle control, the relative energy
demand of ES movement is critical to the success of any
system for walking. Previous studies have demonstrated
the failure of orthoses and ambulatory aids for walking in
complete  paraplegia. Although the orthoses provided
stabili ty and young patients  learned to walk with the
devices, their use was discontinued at home because of the
excessive energy demand (1-8).

ES systems offer the possibility of substitution for the loss
of VOL control and the discontinuation of heavy,
restrictive orthoses. Freedom of joint motion in walking
has reduced the energy demand of when compared to the
use of a locked orthosis (8 -10). Early reports of
ambulation with ES systems revealed that it is extremely
costly when compared to normal values (11 -14). It may
be, however, more economical than the  use of orthoses

and weight bearing on the arms (13). Disuse and the shift
in metabolic profile of muscle after SCI would predispose
the paralyzed muscle to early fatigue and reduced EFF of
exercise (15 -17). ES activation of muscle a lso may be
expected to result  in a lower EFF of work and earlier
fatigue than volitional exercise (18 -22). The purpose of
this paper is to present a preliminary comparison of the
energetics of knee extension exercise in normal and SCI
subjects.

METHODS

Normal subjects: Data collection included a 40 repetition
maximum knee extension fatigue test at 60 deg /sec (Day
1), sub - maximal knee extension exercise at 60 deg /sec with
open - circuit spirometry for continuous sampling of expired
gases (Day 2), and ES knee extension exercise at the same
velocity (Day 3). A visual feedback display guided
exercise at 40% of MVC (MVC -60). ES exercise was at 40%
of MVC -60 or at the maximum comfortable stimulus
intensity.

SCI subjects: ES recruitment curves were used to select
40% of the  maximum ES knee extension moment as the
target for closed loop ES exercise  following the same
protocol as the normal subjects and the exercise was ended
after a minimum of three minutes of steady - state. SCI
subjects (T8 and T10 complete) were unable to feel the ES
or VOL extend the knee, and the quadriceps were free of
denervation. Because of the small sample sizes (6 N and
3 SCI subjects), only descriptive statistics are reported.

Instrumentation: An isokinetic exercise device (Loredan
Biomedical, Davis, CA) measured angular position,
velocity, and moment during knee exercise . Analog
signals  were sampled by an IBM PC /AT computer for
calibration, gravity compensation and data  acquisition.
The IBM laboratory computer also was used for generation
of ES and for a ll data management (23). Asymmetrical
biphasic pulses, 300 pSec, at a frequency of 33pps were
used. Amplitude was  modulated to maintain the target
moment within t 2.0 Nm. A SensorMedics MMC Horizon
metabolic cart (Yorba Linda, CA) analyzed expired gases
and an ECG system telemetered heart rate. Metabolic
information was provided to the IBM PC /AT system as
real time data reports every 15 seconds. A YSI Model 23L
lactate analyzer (Yellow Springs, Ohio) was used to sample
blood lactate. Moment data were gravity compensated for
use in the calculation of mechanical work for estimation of
EFF from the relationship between metabolic and
mechanical work.

RESULTS

VOL knee exercise at 40% of MVC-60 (43 t 4 %) resulted in
an EFF of 27 %. When oxygen uptake was corrected for
resting, exercise was 45% efficient. VOL fatigue curve
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characteristics correlated with the EFF of exercise. Higher
peak moments were associated with lower EFF (r - -.96)
and lower fatigue correlated with higher EFF of sub -
maximal exercise (r= -.91). Subjects varied in tolerance of
isokinetic ES exercise and maximum ES moments ranged
from 20 to 42% of MVC -60. This contributed to a lower
rate of work during ES exercise (ES =25.1 t 27.2 vs
VOL =51.8 t 10.9 Watts). The EFF of ES exercise was lower
than VOL exercise (ES =23.0 t 10.2% vs VOL =27.2 t 3.9%).
Peak moments generated during ES were correlated with
lactate at the fifth minute after exercise (r =.94).

SCI subjects worked at a similar percent of muscle force
generation capability (N =32.3% of MVC -60, SCI= 38.4% of
maximal ES contraction [MESC -601). This resulted in
significantly different work rates (N =25.1 vs SCI =8.8
Watts). Muscle fatigue precluded completion of the test
protocol at higher ES exercise intensities in SCI subjects.

SCI subjects  were  less  EFF and demonstrated higher
exercise and recovery lactate levels while  working at a
similar percentage of maximal muscle performance as the
N subjects, but at a work rate of 35% of N. SCI subjects
worked at 59% of normal EFF when oxygen uptake was
corrected for resting values (Figure 1). Neither hamstring
nor hip adductor spasticity was visually observed during
the exercise.

DISCUSSION

The lower EFF of ES versus VOL exercise observed in this
sample is similar to previous findings in a sample of 23 N
subjects, in which the differences between ES and VOL
exercise were larger (p <.001) than in these 6 subjects (18).
Preferential activation of fast glycolytic muscle fibers,
geographical localization of contracting muscle, direct
stimulation of the  sympathetic  fibers  to intramuscular
vasculature and stimulation at a fixed rate of 33 pps could
contribute to reduced EFF of exercise (17,19,20- 21,24 -25).
Strong correlations between EFF and VOL peak moment
as  well as the  decrement in force production over 40
maximal efforts points to reduced EFF in subjects with a
more glycolytic metabolic profile in the quadriceps (26 -29).
The relative inefficiency of these preliminary SCI subjects
could be associated with disuse of muscle, a shift to a
more anaerobic metabolism, unobserved elicitation of
hamstring spasticity during the exercise, or other unknown
factors. Higher lactate values, over resting, in SCI would
support the more anaerobic nature of the exercise.

Although the knee extension exercise  employed in this
study does  not simulate the  concentric  and eccentric
quadriceps activity in standing and walking, the findings
have clinical application to goal setting in complete SCI.
It appears that ES is less efficient than volitional exercise
and that paralyzed muscles in SCI are paying a  greater
energy penalty tha n N muscle  during relatively low
intensity exercise. The results of this, and other, studies
point to the need for further investigation to determine the
extent to which completely paralyzed muscle can be
trained to produce greater force  and to be more fatigue
resistant as well as more metabolically efficient in order to
support daily function. This information a lso may be
useful to help SCI patients understand that ES systems of

the present and near future cannot replace the wheelchair,
but may be a tool to augment function from a wheelchair
in the home and workplace.
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ABSTRACT

Recruitment characteristics of four helix electrodes
implanted around the  tibial nerves of two cats were
measured at 4 -week intervals for 36 weeks. The
recruitment curves were less variable after the first 20
weeks, but they continued to fluctuate from one
recording session to the next. With all four electrodes,
the stimulation values required to produce a given level
of muscle tension a t 36 weeks was about half of that
required at 2 weeks; i.e., thresholds decreased
significantly with time. Ranging the knee shifted the
recruitment curves and resulted in higher required
stimulation values as  the knee was  flexed. Since the
electrodes were located in the popliteal space behind the
knee, these changes were likely caused by alterations in
the  shape and orienta tion of the electrode, nerve and
surrounding tissue. The changes in recruitment noted
above present additional challenges for engineers
attempting to design controllers for functional
neuroprosthetic systems.

INTRODUCTION

The feasibility of functional control of paralyzed
extremities has been demonstrated in recent years (3,45).
The present need is for system components (multichannel
stimulators, electrodes and sensors) that can be safely
implanted inside the body and can function effectively
for many years.

This paper presents new data on the recruitment
properties  of nerve bipolar helix e lectrodes that were
chronically implanted in cats. Recruitment data were
measured at four week intervals for 36 weeks to
document any changes in recruitment properties
following implantation. A second purpose of this study
was to determine the effect on the recruitment curves of
ranging the knee from full extension to 90' of flexion.

METHODS

The nerve electrode used in this study was a bi
helix electrode designed and fabricated by
Huntington Medical Research Institutes, Pasad
California (1). Two platinum ribbon electrodes, l
width and separated by 7 mm, were  mounted i
2 mm diameter helical coils made of silicon rubber
special tool was used to assist in wrapping the he
coils around the nerve.

polar

18 . 7

Halothane. End -tidal pCo, was monitored continuously
with a Beckman CO, analyzer. A midline scalp incision
was made and a transcutaneous, modified Cannon
connector was fixed to the skull using sta inless  steel
screws and cranioplasty. The two helical electrodes and
cables a ttached to the transcutaneous connector were
then tunneled subcutaneously, using a Teflon guide tube,
to the lumbosacral area. The popliteal fossa was
exposed, and the  electrode and cable tunneled via the
sciatic notch to the area of the right and left posterior
tibial nerves. The helical electrodes were applied to the
nerves by means of a forceps -like electrode applicator.
Postoperatively the animals were placed in a
temperature - regulated recovery cage to recover from the
effects of anesthesia.

Testing was performed at four -week intervals. The
anesthetic procedure used was similar to that described
above. Animals were placed prone in a frame designed
to s tabilize  their position and measure  plantarflexion
moments at the ankle. The hip and knee were extended,
and the ankle was held at 90° of flexion by strapping the
paw to an adjustable cantilever beam instrumented with
stra in gauges. Signals from the s tra in gauges  were
amplified, digitized and transferred to an IBM AT
personal computer. The computer controlled a digital
stimulator (Dagan Omni Pulse 9200) and a color graphics
adaptor board for online data display.

A recently developed software  program was used for
data collection (7). Recruitment data were obtained by
fixing the duration of a monophasic constant - current
pulse and varying the  pulse amplitude over the  range
between threshold and maximum recruitment. Isometric
muscle twitches were used to minimize fa tigue. The
peak value of the resulting twitch was recorded with the
corresponding value of the pulse amplitude and
displayed on the color monitor. The software had five
menu - selectable subroutines which are briefly described
below:

o Calibration: Known weights  were  applied to the
force transducer to calibrate the system prior to each
session.

the
ens o ID Data: Identifying data for the animal, electrode,

mm in electrode location, session number, etc. were input
in using this routine. The selection of either pulse

A amplitude or duration as the modulating parameter
kcal and specification of the other parameter was done in

this routine.

One electrode was placed on the right and one on the
left posterior tibial nerves in two cats. Male adult cats
were preanesthetized with Ketamine (25 mg /kg)
followed by Surital (2.5 %, to effect) with transition to a
1:1 mixture of nitrous oxide and oxygen and 0.5 to 0.75 %

Determine Max Twitch: The maximum twitch
response was found by averaging the peak twitch at
supramaximal stimulation over a series of repeated
twitches. Nominally, 10 twitches at a frequency of
.3 Hz were used.
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Changes in Recruitment Curves

Approximate Curve: Normalized tension (peak
twitch tens ion divided by the  average maximum
twitch tension) was displayed on a graph of
normalized tension versus the value of the
modulating amplitude. Enough points were
generated to approximate the curve (generally 3-6
points  were  sufficient), then a  linear interpolation
routine was used to select ten values of the
modulating parameter to generate muscle tension in
approximately 10116 steps from 5 to 95% of the
maximum twitch tens ion.

Generate Recruitment Curve: The ten values of the
modulating parameter determined in the previous
routine were used to generate the final recruitment
curve. In this study, each point was repeated 5 times
a t  3 second intervals, so the time required for
generating one curve was 2.5 minutes. The computer
randomized the order in which values of the
modulating parameter were presented . Points were
displayed on the  monitor as they were generated.

The reproducibility of the data was tested in each animal
be repeating one curve (pulse amplitude modulation at
100 Vs pulse duration) eleven times within a  one -hour
period. During this sequence, the  animals were twice
removed from the test apparatus and then repositioned.
A quantita tive  measure  of the  change in successive
curves was calculated as follows: the percentage changes
in pulse amplitude at normalized moments of 10, 20, ...,
80% were averaged to obtain a single number, which we
called the relative difference. A negative relative
difference means that the recruitment curve has shifted
to the left (in the direction of lower stimulation values).
When generation of the recruitment curve was repeated
without moving the  animal, the  mean and s tandard
deviation of the relative difference was 1.3% t1.0 (N =56).
When the  ani mal was  move d and repos i tioned, the
corresponding values  were 6.7% t5.2 (N=14). These
results indicated that recruitment curves were very
reproducible within a session, but that comparison of
curves from different sessions were subject to some error
because of repositioning the animals.

RESULTS

Recruitment data were  initia lly measured two weeks
after implantation, then at four week intervals (4, 8, 12,
... weeks following implantation). Recruitment curves
(variable  amplitude a t a pulse  duration of 100 ps) are
shown in Fig. 1 for each of the four electrodes at 2 weeks
(Fig. 1a) and 36 weeks (Fig. lb). It can be seen that the
stimulation values required at 36 weeks were
significantly lower (about half ) than the  s timulation
values required at 2 weeks.

The time his tory of the change in recruitment curves
during the  36 weeks  is  shown in Fig.  2. Three of the
electrodes followed a similar path; namely, stimulation
values decreased during the first 16 weeks to
approximately one -half of the values required at 2 weeks.
Beyond 16 weeks, there was fluctuation in the
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Fig. 1. Recruitment curves (100 us
pulse duration) for the four electrodes
recorded at a) 2 weeks and b) 36 weeks
following implantation. Electrodes 1
and 2 were implanted in one animal;
electrodes 3 and 4 in the second.
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Fig. 2. Relative differences between
recruitment curves of the four
electrodes in Week 2 and succeeding
weeks. See text for definition of
relative difference.

recruitment curves, but no significant trend. The fourth
electrode followed a very dissimilar path during the first
16 weeks; remaining c lose  to the  values  recorded in
Week 2 but then shifting to a significantly higher value
in Week 16. From Week 20 on, the relative differences
for this electrode were similar to those of the other three
electrodes. The relative differences in Week 36 (relative
to Week 2) are about -50%.
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Changes in Recruitment Curves

In Week 36, after the recruitment curves had stabilized
somewhat, recruitment curves were  measured at knee
angles of 45 and 90° in addition to full extension (01.
The results for one electrode are shown in Fig. 3. It can
be seen that the  recruitment curve shifts to the  right
(higher s timulation values) as the  knee is  flexed. A
similar change was observed in the other three
electrodes.
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Fig. 3. Recruitment curves (100 us
pulse duration) for one electrode at
three knee angles (0, 45, 900).

DISCUSSION

The recruitment data for the bipolar helix electrode were
similar to data previously obtained with other types of
nerve electrodes (2,6). Gorman and Mortimer presented
recruitment data  for a monopolar loop electrode with
and without a cuff backing and showed that stimulus
levels with the cuff backing were much lower than those
for the loop electrode without backing (2). Stimulus
levels for the  bipolar helix electrode fell between the
values reported with and without the cuff backing, as
would be expected since the helix electrode has only a
partial insulating backing. Recruitment data for a bipolar
cuff electrode with 1x2 mm platinum disks placed inside
the cuff (Avery Laboratories, Farmingdale, NY) were
obtained from chronic cats by McNeal et al (6). In those
experiments, the stimulation ranges at comparable pulse
durations were slightly higher than in the current study.

No one has  previously reported temporal changes in
recruitment curves of implanted nerve electrodes. It was
interesting that recruitment curves for all four electrodes
in this s tudy shifted toward lower s timulation values
after 20 weeks, and that all stimulation levels at Week 36
were about half of the values recorded at Week 2. More
electrodes would have to be tested, however, to
determine whether this is a consistent trend.

Even months after implantation, recruitment curves were
found to fluctuate from one recording session to the next.
This was somewhat surprising in that we had expected
that the recruitment characteristics would be more stable

several months after implantation. These temporal
fluctuations  and the  changes  noted as  the  knee was
flexed will present difficulties for engineers attempting
to design controllers for functional neuroprosthetic
systems.
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18.8 USE OF THRESHOLD CURRENT CHANGES AS AN INDEX OF RESPONSIVENESS AND
FATIGABILITY IN PARALYZED MUSCLE DURING FUNCTIONAL NEUROMUSCULAR

STIMULATION

Andrew J. Kuntzman, Roger M. Glaser, Mary M. Rodgers, and Randy A. Shively,
and Bertram N. Ezenwa

Department of Anatomy and Department of Rehabilitation Medicine &
Restorative Care, Wright State University School of Medicine, Veterans

Affairs Medical Center, and Miami Valley Hospital, Dayton, Ohio

ABSTRACT

Functional neuromuscular stimula-
tion (FNS) of paralyzed muscle has
been utilized to improve the reha-
bilitation of spinal cord injured
(SCI) patients. As an adjunct to
the long -term exercise training
protocols conducted within our lab-
oratory, a t ota l of 91 isometric
evaluations (pre- and post- tests)
of quadriceps muscle strength and
endurance were completed on 29 sub-
jects. This test consisted of up
to 40 repetitive contractions
(2 /min) at a maximum force of 15 Kg
or maximum FNS current of 150 mA.
Several patterns of muscle fatigue
characteristics emerged and muscles
were classified as "stronger,"
"intermediate," and "weaker."
Within the three subgroups it was
noted that changes in threshold
current provided an index of muscle
responsiveness and fatigability.
These data may contribute to a
better understanding of muscle per-
formance and FNS current parameters
to enable more precise control of
paralyzed muscle.

INTRODUCTION

Functional neuromuscular stimula-
tion (FNS) has been studied as a
method of restoring purposeful
movements to paralyzed muscles of
spinal cord injured (SCI) individu-
als. However, preliminary studies
of stimulation current vs muscle
performance have shown that FNS
causes marked and progressive fa-
tigue of paralyzed muscle (Kuntzman
et al., 1990b). Additional FNS
studies indicate that fatigue
patterns differ in SCI subjects
according to the strength and FNS
responsiveness of the paralyzed
muscle. The purpose of this study
was to identify stimulation cur-
rent /muscle force characteristics
that further differentiate muscle
responsiveness and fatigability.
These data may ultimately be used
to construct an index that would
predict FNS performance of
paralyzed muscle from a series of
submaximal contractions.

METHODS

The instrumentation used to conduct
this study was described by Ezenwa
et al.(1989) and the protocol was
described by Kuntzman et al.
(1990a). A group of 28 SCI sub-
jects and one able- bodied control
subject participated in this insti-
tutionally- approved protocol. A
total of 91 isometric tests were
conducted to determine the relia-
bility of measurement. Surface
electrodes were used to administer
ramped FNS current from 0 to a
maximum of 150 mA in 15 sec, or to
a level that induced a maximum
contraction force of 147 N; FNS
current was then ramped down to 0
mA in 15 sec or less. The quadri-
ceps muscles were stimulated every
30 sec for 40 contraction trials or
until the muscle fatigued to 25% of
its original peak force output.
For this study, contraction thresh-
old current (the initiation of
force indicative of muscle contrac-
tion) was defined as 3.67 N (2.5%
of 147 N). Spasticity of muscles
in some subjects during the initial
phase of contraction prohibited a
lower threshold force definition
(Rodgers et al., 1990). Data were
generally collected from the right
leg, except for those subjects who
exhibited extreme Spasticity,
necessitating use of the left leg.
To determine reliability of the
data, the test was repeated on
several subjects. At least 5 days
were allowed between tests or
following other FNS procedures.

RESULTS

Three major patterns emerged from
the 28 SCI subjects tested: 1) 23
of the tests indicated 10 stronger
subjects who achieved the targeted
147 N force on all 40 trials with
FNS currents of less than 150 mA,
2) 15 of the tests indicated 9
weaker subjects who were not capa-
ble of achieving the targeted force
of 147 N even though they received
the maximal current of 150 mA, and
3) 52 of the tests indicated that
the remaining 9 subjects were of
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MUSCLE RESPONSIVENESS AND FATIGABILITY

TABLE 1. Threshold Currents*(mA)
Contraction Trials

Required for First and Last

Stronger Subjects Weaker Subjects

Subject First Last Difference Subject First Last Difference

A 47 58 11 M1 46 102 * 56

B1 16 43 27 M2 46 108* 62

B2 29 73 44 M3 47 87* 40

B3 34 53 19 N 42 78* 36

B4 48 77 29 0 52 97 45

Cl 23 39 16 P 78 118 40

C2 29 33 4 Q1 80 118 38

D1 32 56 24 Q2 95 123 28

D2 32 58 26 Q3 82 130 48

D3 33 46 13 R1 33 100 67

D4 28 52 24 R2 42 88 56

D5 30 43 13 S 68 124 56

D6 25 47 22 T 56 94 38

El 33 63 30 U 47 72 * 25

E2 43 64 21 v 51 97 46

E3 44 73 29
F1 45 74 29
F2 48 66 18
G 58 64 6
H1 53 62 9
H2 44 68 24
I 33 58 25
J 41 57 16

x 37 58 21 57 102 45

±SE 2.2 2.5 1.9 4.7 4.5 3.1

*Subjects achieved fewer than 40 trials (20 -35).

The numeral following the subject letter ID indicates the repeated tests.

intermediate strength. These sub-
jects initially were capable of
achieving a force of 147 N, but
then exhibited decreased force out-
put in spite of the FNS current
increasing to the maximum level.

Table 1 provides the threshold
currents required to induce a trace
contraction of 3.67 N during the
first and final contraction trials,
as well as differences in the
threshold current levels due to
fatigue. It was found that the
difference in threshold current
required to induce a trace contrac-
tion during the first and last
trial was smaller in stronger sub-
jects and larger in weaker sub-
jects. The subjects with interme-
diate strength had threshold
currents which were between the
stronger and weaker subjects. Data
from the 52 tests on the intermedi-
ate subjects are not included in
Table 1.

Although not universally true, many

of the threshold values cited in
Table 1 were remarkably similar
between tests for each of the sub-
jects who were tested more than
once. For example, subject D
required threshold currents of 32,
32, 33, 28, 30, and 25 mA for the
initial threshold contraction dur-
ing the six tests.

DISCUSSION

Data collected from 90 isometric
tests involving 28 SCI subjects and
collected over a 19 -month time span
indicate that several trends ex-
isted in the strength and fatigue
patterns of paralyzed quadriceps
muscle, as well as the magnitude of
FNS current required. Subjects
with stronger muscles were capable
of achieving the targeted peak
force level with a series of sub -
maximal stimuli (less than 150 mA).
They also required a lower current
level for a given force output
(Kuntzman, et al., 1990a). The
progressive nature of muscle fa-

RESNA 14th ANNUAL  CONFE RENCE • KANSAS C ITY, MO. 1991 293



M U S C L E  R E S P O N S I V E N E S S  A N D  F A T I G A B I L I T Y

t i g u e w a s d e m o n s t r a t e d w h e n e a c h
s u c c e e d i n g c o n t r a c t i o n t r i a l r e -
q u i r e d a s l i g h t l y h i g h e r c u r r e n t
l e v e l .

T h e s t r o n g e r s u b j e c t s e x h i b i t e d
t h r e s h o l d c o n t r a c t i o n a t m e a n
c u r r e n t s  o f  3 7  ±  2 . 2  a n d  5 8  ±  2 . 5
M A f o r t h e f o r a n d l a s t tr i a l ,
r e s p e c t i v e l y ( T a b l e 1) . T h e  m e a n
d i f f e r e n c e b e t w e e n t h e t h r e s h o l d
c u r r e n t  r e q u i r e d  f o r  t h e  f i r s t  a n d
l a s t  o f  t h e  4 0  t r i a l s  w a s  2 1  ±  1 . 9
m A ( r a n g e = 4 t o 4 4 m A ) . I n
c o n t r a s t , t h e s u b s e t o f s u b j e c t s
w i t h  w e a k e r  m u s c l e s  n e v e r  a c h i e v e d
t h e  t a r g e t e d  f o r c e  e v e n  t h o u g h  t h e y
w e r e  s t i m u l a t e d  w i t h  t h e  m a x i m u m  o f
1 5 0  m A . I n  t h e s e  s u b j e c t s ,  f a t i g u e
w a s  e v i d e n c e d  b y  t h e  d r o p  i n  f o r c e
l e v e l w i t h e a c h s u b s e q u e n t t r i a l .
T h e s e w e a k e r s u b j e c t s e x h i b i t e d
t h r e s h o l d c o n t r a c t i o n a t m e a n
c u r r e n t s  o f  5 8  ±  4 . 7  a n d  1 0 2  ±  4 . 5
m A  f o r  t h e  f o r  t h e  f i r s t  a n d  l a s t
t r i a l , r e s p e c t i v e l y ( T a b l e 1) .
M e a n d i f f e r e n c e b e t w e e n t h e F N S
t h r e s h o l d  c u r r e n t  r e q u i r e d  f o r  t h e
f i r s t  a n d l a s t  c o n t r a c t i o n  w a s 4 5
±  3 . 1  m A  ( r a n g e  =  2 5  t o  6 7  m A ) . I t
t h u s  a p p e a r s t h a t  t h e i n c r e a s e in
t h r e s h o l d  c u r r e n t  d u r i n g  r e p e t i t i v e
FNS - induced c o n t r a c t i o n s c a n b e
u s e d  a s  a n  i n d e x  o f  m u s c l e  r e s p o n -
s i v e n e s s  a n d  f a t i g u e .

I t  s h o u l d  b e  n o t e d  t h a t  o n e  a b l e  -
b o d i e d c o n t r o l s u b j e c t w a s t e s t e d
f o r c o m p a r i s o n w i t h t h e S C I s u b -
j e c t s . T h r e s h o l d  c o n t r a c t i o n  c u r -
r e n t s  f o r  t h i s  c o n t r o l  s u b j e c t  w e r e
3 6  m A  f o r  t h e  f i r s t  t r i a l  a n d  4 8  m A
f o r  t h e  4 0 t h  t r i a l ,  a  d i f f e r e n c e  o f
o n l y  1 2  m A . I t  w a s  a l s o  o b s e r v e d
t h a t  t h e  i n i t i a l  t h r e s h o l d  c u r r e n t
o f  3 6 m A  w a s  v e r y  s i m i l a r  t o t h e
m e a n v a l u e f o r t h e s t r o n g e r S C I
s u b j e c t s ( 3 7  ±  2 . 2 ) . I n  c o n t r a s t ,
t h e w e a k e r S C I s u b j e c t s h a d a n
i n i t i a l  t h r e s h o l d  c u r r e n t  v a l u e  o f

5 8  m A . T h e r e f o r e , t h r e s h o l d c u r -
r e n t  t e n d s t o  v a r y i n v e r s e l y  w i t h
t h e p e r f o r m a n c e c a p a b i l i t y o f t h e
m u s c l e  a n d  d i r e c t l y  w i t h  t h e  s t a t e
o f  m u s c l e  f a t i g u e .

F o r  s u b j e c t s  w h o  w e r e  t e s t e d  m o r e
t h a n  o n c e ,  t h e  t h r e s h o l d  l e v e l s  f o r
e a c h  c o n t r a c t i o n  t r i a l  t e n d e d  t o  b e
r e m a r k a b l y s i m i l a r . G i v e n t h e
p h y s i o l o g i c a l  v a r i a b i l i t y  i n  h u m a n s
f r o m o n e d a y t o t h e n e x t , t h i s
f i n d i n g i n d i c a t e s  a  h i g h le v e l o f
r e l i a b i l i t y  f o r  t h e  t h r e s h o l d  c u r -
r e n t  p a r a m e t e r .

I n  c o n c l u s i o n ,  F N S  c u r r e n t  r e q u i r e -
m e n t s c l e a r l y c h a n g e w i t h t h e
m u s c l e  r e s p o n s i v e n e s s  a n d  f a t i g u e .
A d d i t i o n a l r e s e a r c h n e e d s t o b e
c o n d u c t e d o n d e c r e m e n t s i n  m u s c l e
p e r f o r m a n c e d u r i n g FNS - induced
a c t i v i t i e s a n d FN S p a r a m e t e r s
n e e d e d  t o  m a i n t a i n  a c t i v i t i e s . A s
t h e m e c h a n i s m s o f f a t i g u e a r e
b e t t e r  u n d e r s t o o d , F N S  s y s t e m s  c a n
b e  b e t t e r  d e s i g n e d  t o  e n h a n c e  t h e
t h e  p r e c i s i o n  o f  m o v e m e n t , a s  w e l l
a s  t h e  f u n c t i o n a l  c a p a b i l i t y  o f  S C I
in d i v i d u a l s .
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TRAINING IN REHABILITATION ENGINEEKING/TECHNOLOGY

Paul N. Hale, Jr., John R. Schweitzer and Frank D. Puckett
Center for Rehabilitation Science and Biomedical Engineering

Louisiana Tech University
Ruston, LA 71272

Abstract

In October of 1990, our University received
its second three -year grant from the
Rehabilitation Services Administration to
provide education and training in
rehabilitation engineering /technology at
the regional and national levels. Under
this grant, engineers, technologists,
counselors, therapists and educators will
have an opportunity to interact with
clinical professionals in a comprehensive
rehabilitation engineering center and study
state -of- the -art technology applied to the
needs of persons with disabilities.

Background

Historically, the Rehabilitation Services
Administration (RSA) has funded long -term
training programs designed to:

increase the supply of personnel
available for employment in public
and private rehabilitation and
independent living rehabilitation of
individuals with physical and mental
disabilities, especially those with
the most severe disabilities; and

maintain and upgrade basic skills of
personnel employed as providers of
vocational, medical, social, or
re ha b il i ta t io n se rv ic es to
individuals with severe disabilities.

In 1987, RSA added Rehabilitation
Engineering as one of their targeted
programs for long -term training. Four
programs received funds to conduct training
in rehabilitation engineering /technology
during the years 1987 -1990. These efforts
proved quite successful and in 1990,
through a new Request for Proposals, four
grants were awarded to the following
institutions /facilities:

Rehabilitation Engineering Teaching and
Training Program
California State University at Sacramento
6000 J Street
Sacramento, CA 95819 -6019
Contact: Rory Cooper, Ph.D., (916)278 -6916
(Program emphasis: Masters degree in
biomedical engineering, certificate in
rehabilitation technology)

19.1

Rehabilitation Engineering /Technology
Training Project
Illinois Institute of Technology
Department of Psychology
3101 South Dearborne
Chicago, IL 60616
Contact: Chow Lam, Ph.D., (312)567 -3514
(Program emphasis: Training of rehabili-
tation counselors for specialization in
rehabilitation technology)

Rehabilitation Engineering Training Program
University of Virginia
P. 0. Box 3368, University Station
Charlottesville, VA 22903
Contact: Clifford Brubaker, Ph.D.,
(804)977 -6730
(Program emphasis: Masters degree in
biomedical engineering with specialization
in rehabilitation engineering)

Training in Rehabilitation Engineering/
Technology
Center for Rehabilitation Science
and Biomedical Engineering

P. 0. Box 3185
Louisiana Tech University
Ruston, LA 71272
Contact: Paul N. Hale, Jr., Ph.D.,
(318)257 -4562
(Program emphasis: (a) Graduate education
in biomedical engineering
and (b) Professional training for rehabili-
tation personnel)

Obiectives

The training grant awarded to our rehabili-
tation engineering center has the following
program objectives:

To increase knowledge regarding the
rehabilitation engineering /tech-
nology services required under the
Rehabilitation Acts Amendments of
1986.

To prepare engineers /technologists to
provide rehabilitation engineering
services.

To provide inservice training on
rehabilitation technology for
university faculty in rehabilitation
counselor training programs.
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T r a i n i n g i n R e h a b . E n g i n e e r i n g

To s p o n s o r g r a d u a t e e d u c a t i o n f o r
e n g i n e e r s s t u d y i n g t o wo r k i n t h e
f i e l d o f r e h a b i l i t a t i o n .

T o a c q u a i n t r e h a b i l i t a t i o n  m a n a g e m e n t
a n d s e r v i c e p r o v i d e r s w i t h t h e i s s u e s
o f d e v e l o p i n g a n d m a r k e t i n g r e h a b i l i -
t a t i o n t e c h n o l o g y .

6 . To d e v e l o p mo d e l c u r r i c u l u m f o r
t r a i n i n g e n g i n e e r s  / t e c h n o l o g i s t a n d
s e r v i c e p r o v i d e r s .

R e s u l t s

I n r e c e n t y e a r s , t h e r e h a s b e e n a
s i g n i f i c a n t i n c r e a s e i n t h e n u m b e r a n d
v a r i e t y o f r e h a b i l i t a t i o n d e v i c e s a n d
e q u i p m e n t . C o n s u me r a c c e s s t o t h i s
t e c h n o l o g y a n d t h e f u n d s t o p u r c h a s e t h e m
h a v e a l s o i n c r e a s e d , a l l o w i n g a p e r s o n  w i t h
a d i s a b i l i t y g r e a t e r i n d e p e n d e n c e i n l i f e
a n d  w o r k . T h r o u g h  b o t h  s h o r t  - t e r m  a n d l o n g -
t e r m t r a i n i n g , o u r C e n t e r i s p r o v i d i n g
p r o f e s s i o n a l s w i t h a u n i q u e o p p o r t u n i t y t o
l e a r n a b o u t t h i s t e c h n o l o g y , a s s e s s m e n t
p r o c e d u r e s a n d i n f o r m a t i o n a b o u t i t s
a p p r o p r i a t e a p p l i c a t i o n .

D i s c u s s i o n

S i n c e 1 9 7 8 , o u r r e h a b i l i t a t i o n e n g i n e e r i n g
c e n t e r h a s r e c e i v e d f u n d s f r o m t h e s t a t e
r e h a b i l i t a t i o n s e r v i c e s a g e n c y t o c o n d u c t
s t a t e  - w i d e s e r v i c e s i n r e h a b i l i t a t i o n
e n g i n e e r i n g  / t e c h n o l o g y . T o d a y  o u r  C e n t e r  i s
p r o v i d i n g c i t i z e n s i n t h e s t a t e w i t h
s e r v i c e s i n m o b i l i t y , s e a t i n g a n d
p o s i t i o n i n g , i n d e p e n d e n t l i v i n g , w o r k p l a c e
m o d i f i c a t i o n a n d a c c e s s i b i l i t y , a d a p t i v e
d r i v i n g , a u g m e n t a t i v e c o m m u n i c a t i o n , a n d a
d o r m i t o r y f o r c o l l e g e s t u d e n t s w i t h s e v e r e
d i s a b i l i t i e s . I n a d d i t i o n , t h e C e n t e r h a s
a n  a s s i s t i v e  d e v i c e s i n f o r m a t i o n  s e r v i c e  a n d
t w o  f i e l d  - b a s e d  r e h a b i l i t a t i o n  e n g i n e e r s  w h o
a r e p r o v i d i n g r e h a b i l i t a t i o n
e n g i n e e r i n g  / t e c h n o l o g y s e r v i c e s t o r e h a b -
i l i t a t i o n c l i e n t s a c r o s s t h e s t a t e .

O u r t r a i n i n g p r o j e c t h a s t h r e e m a j o r
c o m p o n e n t s :

1 . G r a d u a t e e d u c a t i o n ( M a s t e r ' s l e v e l
t r a i n i n g i n  b i o m e d i c a l e n g i n e e r i n g )

T e c h n o l o g y a w a r e n e s s t r a i n i n g f o r
r e h a b i l i t a t i o n  c o u n s e l o r s ,  s u p e r v i s o r s
a n d u n i v e r s i t y  - b a s e d r e h a b i l i t a t i o n
e d u c a t o r s .

C l i n i c a l  s k i l l  t r a i n i n g  i n  a s s e s s m e n t s
f o r a d a p t i v e d r i v i n g , a u g m e n t a t i v e
c o m m u n i c a t i o n , a n d r e h a b i l i t a t i o n
t e c h n o l o g y f i e l d s e r v i c e s .

G r a d u a t e E d u c a t i o n ( M a s t e r s De g r e e )

I n t h e t h r e e  - y e a r g r a n t p e r i o d , o u r  p r o g r a m
w i l l t r a i n e i g h t m a s t e r s  - l e v e l e n g i n e e r s i n
t h e a p p l i c a t i o n o f r e h a b i l i t a t i o n
t e c h n o l o g y . T h i s i s a t h i r t y - s i x s e m e s t e r
h o u r , n o n  -  t h e s i s  d e g r e e  p r o g r a m  a n d  i n c l u d e s
a s u mme r i n t e r n s h i p i n a r e h a b i l i t a t i o n
s e t t i n g . A t y p i c a l p r o g r a m wo u l d i n c l u d e
t h e f o l l o w i n g c o u r s e s :

R e h a b i l i t a t i o n o f P e r s o n s w i t h P h y s i c a l
D i s a b i l i t i e s ( 3 )
E l e c t r o n i c D e v i c e s f o r R e h a b i l i t a t i o n ( 3 )
R e h a b i l i t a t i o n E n g i n e e r i n g I ( 3 )
R e h a b i l i t a t i o n E n g i n e e r i n g I I ( 3 )
R e h a b i l i t a t i o n i n t h e Ag i n g ( 3 )
R e h a b i l i t a t i o n E n g i n e e r i n g I n t e r n s h i p ( 6 )
S p e c i a l P r o b l e m s - R e h a b i l i t a t i o n
E n g i n e e r i n g ( 3 )
A r t i f i c i a l I n t e l l i g e n c e a n d E x p e r t
S y s t e ms ( 3 )
Human F a c t o r s i n E n g i n e e r i n g S y s t e ms ( 3 )
E l e c t i v e s ( 6 )

A p p l i c a n t s a r e r e c r u i t e d n a t i o n a l l y a n d a r e
r e q u i r e d t o h a v e a n u n d e r g r a d u a t e d e g r e e i n
a n  a p p r o p r i a t e  e n g i n e e r i n g  f i e l d . S t i p e n d s ,
t u i t i o n a n d f e e s , a n d t r a v e l e x p e n s e s f o r
f i e l d  t r i p s t o  r e h a b i l i t a t i o n  f a c i l i t i e s  a n d
c o n f e r e n c e s a r e p r o v i d e d  u n d e r t h e t r a i n i n g

g r a n t .

T h r e e  - d a y S e m i n a r s f o r R e h a b i l i t a t i o n
P r a c t i t i o n e r s ( C o u n s e l o r s a n d S u p e r v i s o r s )

T h i s t r a i n i n g wa s d e v e l o p e d t o a s s i s t
r e h a b i l i t a t i o n c o u n s e l o r s a n d s u p e r v i s o r s
i n m e e t i n g t h e i r c l i e n t s ' n e e d f o r
r e h a b i l i t a t i o n t e c h n o l o g y . To a c c o m p l i s h
t h i s , i n t e n s i v e t r a i n i n g p r o g r a ms w i l l b e
c o n d u c t e d a t t h e C e n t e r . T h e t r a i n i n g  w i l l
i n c l u d e t h e f o l l o w i n g e l e m e n t s :
* u s i n g t e c h n o l o g y a s a t o o l i n

r e h a b i l i t a t i o n
* f u n d i n g f o r a s s i s t i v e d e v i c e s
* r e v i e w s t a t e  - o f -  t h e  - a r t i n a d a p t i v e

e q u i p m e n t
* c a s e s t u d i e s o f c l i e n t s u t i l i z i n g

a s s i s t i v e d e v i c e s

I n t h i s c u r r i c u l u m , t h e p a r t i c i p a n t s w i l l
h a v e d i d a c t i c , p r a c t i c a l , a n d "h a n d s  - o n "
e x p e r i e n c e s i n t h e C e n t e r ' s a s s e s s m e n t
l a b o r a t o r i e s .
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Training in Rehab. Engineering

Two -day Seminars for Rehabilitation

Educators

This training provides rehabilitation
educators with an overview of rehabilitation
technology as well as experience in various
assessment laboratories and hands -on

experience with a number of assistive
devices. The training will include the
following elements:
* overview of assistive technology in

rehabilitation practice
* developing instructional course

material
* review of proposed syllabus and

selected readings

One discussion topic will be; "strategies
for locating technology -based resources in
one's local area." Participants will be
encouraged to utilize this knowledge through
networking with other professionals in the
state and region.

Advanced Training for Adaptive Driving
Personnel

A one -week training program will be provided
for driver evaluators and educators from
facilities that are currently providing
driving assessment services. The training
will include the following elements:
* hands -on experience in both clinical

and in- vehicle settings
* participation in two driving

assessments
* on -road performance testing
* interpretation of test results
* adaptive device /vehicle modification

recommendations
* report writing and documentation

Participants will receive a resource manual
and will be able to see the latest equipment
in adaptive driving controls.

Clinical Training in Augmentative
Communication

A two -week training program will be provided
for speech /language pathologists and
occupational therapists who are currently
providing augmentative communication (AC)
assessment services. The training will
include the following elements:
* an overview of AC devices
* seating and positioning and its

influence on communication
* hands -on experience with adaptive

switches and communication devices
* access and use of microcomputers
* assessment and implementation for AC

devices

Advanced Training for Practitioners in
Rehabilitation Technology Services

The need for training of non - engineer
rehabilitation technologists will be
addressed by means of a highly specialized
two -week training agenda which includes

substantial time in clinical laboratory
activities. Client assessment experience
will be integrated into this competency-
based training curriculum. Center
assessment laboratories have two -way mirrors
to permit trainees to observe details of
assessment procedures prior to their being
personally involved in this type of
activity. Competency -based instruction
units will be developed for the following:
* aids for independent living
* seating and positioning
* augmentative communication
* wheelchair prescription (manual and

powered)
* job analysis techniques and job site

modification procedures
* adaptive driving assessment and

education

Paul N. Hale Jr., Ph.D., P.E.
Louisiana Tech University
P. 0. Box 3185
Ruston, LA 71270
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19.2

A 1raining Program for Ambulatory Adults with Cerebral Palsy that Improves Lifting Capacity

Monique CS Lanciault
Boeing Commercial Airplane Co. Wichita Division

Wichita, Kansas

ABSTRACT

Seven ambulatory adults (5 males  and 2 females) with
cerebral palsy (CP) participated in a training program
designed to increase physical work capacity (PWC) and
lifting capacity - An eight week training program was
performed on a Schwinn Air -Dyne Ergometer (SAE)
twice a week for 30 minutes at an intensity of 60 -80%
of peak heart ra te.  Prior to and following tra ining,
PWC was determined by exercise tests on the SAE.
Twenty simulated lifting tasks were performed before
and after training.  Following tra ining, significant
increases (p<.05) in peak PWC (relative and absolute)
and heart ra te  were  seen on the SAE. Prior to tra ining,
males worked within 33% of PWC in 13/20 lifting tasks
and females worked within 33% of PWC in 14120
lifting tasks . Following training, both genders  demon-
stra ted improvement in lift ing capacity with males
working within 33% of PWC in 20/20 lifting tasks and
females in 15/20 lifting tasks.  The latter results
sugges t that the tra ining regimen could have impruved
lifting capacity through a "task hardening'  process  on
the SAE.

INTROD UCTION

The role played by rehabilitation engineers to increase
the number of adults with CP in the workforce involves
matching phys ical limitations  of individuals to the
task. A specific task at the workplace is designed/
redesigned to fit within a specific percentile (3317o)of
the adults  PWC. Little research, however, has ad-
dressed the feasibility of increasing the number/kinds
of possible work tasks or increasing the time spent at
that task by improving the PWC of these individuals.
Indeed, the  research that was concerned with tra ining
programs for individuals with CP have primarily
focused on children and adolescents (1 -4).

The purpose of this  study was  to design a  training
program for ambulatory adults  with CP that would not
only improve their PWC, but also their job related
working capacity simulated by lifting tasks.

METHODS

Subjects
Seven ambulatory adults with CP (5 males and 2
females between ages 18 -65) were selected for partici-
pation in this study. All subjects were employed. Their
descriptive  characteristics are shown in Table 1. Prior
to testing, subject 's gave written consent for a ll proce-
dures . This research was approved by the Institu-
tional Review Board for human subjects.

Maximal testing to determine PWC was  performed on
the SAE. The SAE is an air - braked ergometer which
utilizes  the res istance of air on wind vanes set perpen-
dicular to the fly wheel to provide workloads ranging
from approximately 25 watts  to 500 watts  and a

pedaling speed ranging from 29 to 72 rpms, respec-
tively. The SAE involves both upper (push/pull) and
lower (cycle) body musculature. The exercise test on
the SAE consisted of exercising at an initial workload
of approximately 25W (29rpms) for two minutes and
increasing the workload approximately 25W (an
average of rpms) every two minutes  until  volit ional
exhaustion. The SAE has been shown to e licit higher
physiological responses (i.e., heart rate, oxygen
consumption, minute ventila tion) for ambulatory
adults with CP when compared to treadmill, bicycle
ergometer, and arm crank ergometer (5) and was,
therefore, chosen for evaluating PWC as well as the
training mode in this s tudy. The SAE test was
performed before and after training to determine if
changes in PWC had occurred.
All subjects performed 20 lifting tasks. The simu-
lated lifting tasks included lifting from floor to table
height (76.2 cm) in three directions: (1) within the
same plane, (2) at right angles, and (3) within the
same plane but at 180 °. Lifting from table height to
a height at the same level was also required in the
following directions: (1) at right angles, and (2)
within the same plane but at 180 °. All lifts involved
weights of 0.909 kg and 2.727 kg at frequencies of
two (low) and six (high) lifts per minute. The simu-
lated tasks were run both before and after the
tra ining program.

Training Regimen
The eight week training program consisted of exer-
cising on the SAE. The SAE was located in the gym
of the residential community where six of the sub-
jects lived. There was also an SAE located in the
laboratory where  all  tes ting was  conducted. Sub-
jects trained on the SAE at approximately 60 -80% of
their peak heart rate as determined from the exercise
test on the SAE. Subjects exercised twice weekly for
8 weeks at a duration of 30 minutes each time. Each
session included a 5 min. initial warm -up for the first
two weeks which was then lowered to two minutes by
the third week, and a two minute warm -down after
each thirty minute  sess ion.

Physiologic Variables
Throughout pre- and post - training exercise testing
and lifting tasks, subjects expired air was monitored
by a metabolic measuring cart (SensorMedics 4400)
which determined oxygen consumption (V02, ml)
min) carbon dioxide production (VCO2, mUmin) and
respiratory quotient, R, (VCO2fV02). Heart rates
were monitored continuous ly by telemetry (UNIQtm,
HeartWatch) and recorded every 30 seconds. For the
SAE exercise test, blood pressure was measured
before exercise, during the last minute of each work
level, and following the test until it returned to
resting levels. For subjects who needed their arms
for stability during this test, exercise was stopped
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A Training Program for Ambulatory Adults with
Cerebral Palsy that Improves Lining Capacity

TABLE 1: SUBJECT CHARACTERISTICS
MEANS AND (STANDARD DEVIATIONS)

Males (N =5) Females (N =2)
Age (years) 29.60 (2,87) 33.00 (10.00)
Weight (Kg) 77.27 (12.87)1 60.91 (9.32)
Height (em) 170.43 (2.69) 152.07 (3.48)

following each workload and blood pressure was
promptly measured. Blood pressures were not mea-
sured during lifting tasks. An electrocardiogram (leads
1, II, III, AVR, AVL, AVF, Vl, V2, V5, and V6) was
monitored throughout the pre- training test to detect
dysrhythmias.

Statistical Analysis
Means (x) and standard deviations (SD) were calcu-
lated for all variables. Pre- and Post- training peak
absolute PWC (V02 mL/kg -min), heart rate (HR, bpm),
and R were compared using a paired Student t -test.
The experimental design for physiological requirements
of the simulated lifting tasks  was a randomized
complete block design.

RESULTS

Mean and standard deviations for peak absolute and
relative PWC, HR, and R before and after training are
presented in Table 2.

TABLE 2: MEANS AND (STANDARD DEVIA-
TIONS) OF PWC PRE VS. POST TESTS

ModeofExercise SAE

HR Peak (bpm) pre 176.00 (19.00)
post 183.00 (12.00)*

P W C (mUmin) pre 1930.00 (657.00)

post 2692.00 (651.00)*
PWC/BW pre 26.80 (6.00)*
(mlAg -min) post 30.00 (6.00)
R pre 1.09 (0.09)

post 1.14 (0.08)

* = Significant (p <.05) increases

Results of a paired t -test revealed that there was a
significant increase in peak absolute and relative PWC
and peak HR following training. Before training,
males worked within 33% of PWC in 13/20 lifting tasks
and females in 14/20. Following training males worked
wi thin 33% of their PWC in 20/20 lifting tasks while
females showed a significant decrease (p<.05) between
pre- and post- training %PWC for lifting tasks when
genders were combined.

DISCUSSION

For safety purposes, guidelines have established a
physical limitation for any work tasks of 33% of PWC
for an eight hour work day (6). Results from the pre -
training lifting tests indicate  that for males and fe-
males 35% and 30% of the lifting tasks were above the
physical limits for an eight hour work day. Findings
following training demonstrate that these individuals
significantly decreased the number of tasks they

worked that were above 33% of their PWC. The
study results mark a s trong rela tionship between
PWC and work related task capacities for this
population. Also, the results of this study strongly
suggest to vocational rehabilitation organizations
another means of expanding job opportunities for
ambulatory individuals with CP besides design/
redesign of specific tasks to fit within the physical
limitations of these individuals. Improving PWC is a
major factor in improving job options available to
this group.

CONCLUSION

The seven subjects in this study showed improve.
ments  in their PWC as  a result  of the training
program. On average, PWC increased during the
simulated lifting tasks, and the  number of tasks
which the subjects had to work at or above 33% of
their PWC decreased significantly after training.
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19.3 A COMPUTER- CONTROLLED, WHEELCHAIR- GUIDED BOAT

FOR THERAPY AND RECREATION

Mic hael Burro w, Cabell Heyward and R iley Hawkins
Georgia Ins titute of Technology

Center for Rehab ilitation Technology
Atlanta,  Geo rgia USA

Ab s trac t

A wheelchair c ontro llab le b o at has  been d evelop ed  to  fulfill
two  p rimary mis sio ns : to  s erve as  an intro d uc tio n to  water
sp orts  for the d is ab led,  who  either becaus e of the envis io ned
safety risk, or because o f the unavailab ility of ac cess ible
bo ating, have never been on the water, and  also  to  p ro vid e a
completely independently o perated  rec reatio n opp ortunity for
the exp erienced bo ater.  Co mp leted  in late s ummer 1990,  it  is
the flrs t  kno wn boat designed specifically for persons in
wheelchairs. I t is p owered by two  3 HP elec tric motors, and  is
co ntro lled in the s ame manner as a wheelc hair.  An o n -bo ard
co mp uter automates  the wheelchair t ie -d owns  and  d o c king,
and  regula tes  the s p eed  o f th e mo to rs .  I t  c an b e  b o ard ed ,
piloted and do cked  completely independently.

Bac kg ro und

This  pro ject  began in June of 1989 in resp o ns e to  rec reatio n
therap y need s  at  the Ro o s evelt  Warm Sp rings Tnstitme for
Rehab ilitat io n and  als o  in res p o ns e to  the large numb er o f
dis abled  ind ivid uals who  are no t exp o s ed to  the b enefits  o f
boating bec ause of safety c oncerns or the lack o f an acces sible
boat. The purpose of this project was to address these issues.

A new method o f restraint for wheelchairs was d eveloped, and
new methods of p iloting a bo at and d ocking were developed to
minimize s afety risks, so that it wo uld  be po ssible for the b oat
to be used recreatio nally without the need for assis tance.

Figure 1. P hotograph of the Wheelchair
Contro llable Bo at.

Des ign and  Develo p ment

The wheelchair controllab le boat is s upported by two 22" foam
filled ponto ons, ap proximately 13 feet, 6 inches in length and
spaced 6 feet, 8 inches apart. The pontoo ns are rigidly held by a
frame o f 3/8 inc h thic k aluminum b eams whic h s up p o rt  the
deck of pressure treated  stud s and 3/4 inch marine p lywoo d. A

thirty inc h railing s urro und s  the 8 b y 14 fo o t d eck with an
entrance on the port side,  aft, and an exit at the b ow. The deck
is  flat  exc ept for the four t ie -do wn mec hanisms  whic h are
equally spaced across the wid th,  equidistant b etween the bow
and stern. These tie -downs and other mechanical and electrical
components can be ac cessed for servicing through hatch doors
located in the deck.

Access hatches to a storage co mpartment and the compartment
housing the on -board c omputer are loc ated near the b ow. The
computer consists of a BCC52 microcontro ller which op erates
the tie -down mechanisms, trolling motors, and other functions
of the boat. The wheelchair controllable boat is shown in figure
1.

A b lo ck d iagram o f the co ntro l sc heme is shown in figure 2.
The mic ro controller c ontains an 8052 microp ro ces so r,  RAM

and  EPROM,  and  an RS232 link to  a host  c omputer used  for
pro gramming and  debugging.

Operator Console
battery Compartment Anchor

4 - (Volt Marine aatteries Horn
Dutery Voltage rndie.tor

Mlcrocontroller
aocs2

EPROM
RAM
ROM

Len Motor Conlydler Right Motor Controller
D/A Cmvener D/A r-o LerPow Amplifier PowerAmpliriu

IncrerrKnul Encoder lncm tal Encoder

Left Ticdtmn Controller Right Tledown Controller
Tudown Sensor Inputs Tiedown Sensor lnpuu

Tiedown Motor Relay Control 'tiedown Motor Relay Control
Rover Brake Control Roller Brake Control

6 Channel AID Cenvwrter
Diniculty Potentiometers

Joystick

Figure 2. Pontoon Boat Control Scheme.

Once the software was written and tested, the code was stored
in EPROM and the host computer removed. A bus struc ture is
used  to communicate with the p erip heral c ards  which monitor
and control individual c ompo nents of the boat One peripheral
is responsible for monitoring the tiedown mec hanisms. When a
wheel has been detected in the tiedown,  the controller instructs
the mechanis m to c lo s e o n the wheel.  It  will als o  d etermine
whether one or two p ersons are using the boat based on which

300 RESNA 14th ANN UA L C ON FER EN C E - KANSAS CITY, MO.  19 91



A WHEELCHAIR CONTROLLABLE BOAT

pair of tiedown mechanisms have been activated. Behind these
are access  hatc hes for the mo to rs whic h p ower the tie -do wn
mechanisms . T hes e t ie -do wns  were d evelop ed specifically to
ho ld  only the fro nt cas ters o f a wheelc hair to  allo w the rear
wheels to spin freely.

The clamping actio n is started as the c aster wheels roll onto a
series  of p arallel spring steel fingers, aligned alo ng the length
of the boat and arching above the deck by 1 1/2 inches. As they
are depressed by the wheelchair rolling over them, the c aster is
held from rotation and the tie -down motor is switched on. If the
two starbo ard  tie -downs are ac tivated , the wheelc hair will be
loc ked  into  p lac e and  the sys tem will wait  for a wheelc hair to
engage the port side befo re activating the tro lling moto rs (and
vice- versa). A d etailed diagram o f the tie -d own mechanism is
shown in figure 3.

Figure 3.  Tie -Do wn Mechanism with Casters
in Position.

As the tie -down mo tors  are activated , two  c lamp ing bars,
lo cated  at  each end of and  p erp endic ular to  the s pring s teel
fingers , are b rought up fro m the d eck and inwards toward the
caster wheel until the proper clamping pressure is reached. 7Wo
8 1/2 inch d iameter ro llers  are lo c ated  behind  the four tie -
do wns . T hes e are in -line ac ros s  the wid th o f the b o at and
protrud e 1/4 inch ab ove the d eck.  As  the front casters wheels
are c lamp ed , the rear wheelc hair wheels  are bro ught to  res t
direc tly on top  o f the ro llers.  A brake will hold the ro llers in
place as the wheelchair maneuvers into tiedown p osition. Once
in place, the roller b rake is released allowing the rear wheels to
roll freely.

Another peripheral is responsible for monitoring the rollers and
controlling the speed and direction of the motors. An
inc remental enco der mounted inside each roller provides
positioning info rmation to the controller. A HCTL -2020
quadrature decoder and 16 -bit counter is used to track
mo vement o f the inc remental enc o der.  T he p o s it io n o f the
ro ller is  read  rep eatedly and the d ifferenc e b etween the las t
posit ion and the c urrent po sitio n is  determined. S ince the time
required to perform the read and the time between the read s is
kno wn, the velocity and direc tion of the ro ller can be
calculated. This information is then scaled and represented by a
7 -b it number.  This  numb er rep resents  the magnitud e of the
velocity of the roller. The eighth bit or sign is used to determine
the direction of the roller. The 7 -bit number plus sign is routed

to a digital -to -analog converter which provides an analog
signal proportional to the speed and direction of the respective

motor.

In this  way, a wheelc hair can b e clamp ed rigidly into po sit ion
and the operator can co ntrol the boat through motion imparted
to the rear wheels. This c onfiguratio n o f two ro llers and  fo ur
evenly spaced tie -downs allows either two wheelchairs to pilot
the boat, one controlling the starboard motor, and the other, the
po rt;  o r o ne c hair to  c ontrol bo th mo tors  by using the two
center tie- downs, and thereby running the starboard motor with
his  right hand  wheel,  and the p ort motor with his  left . In this
way, it is no more complicated  to c ontrol the b oat than it is to
contro l the wheelc hair.

Directly behind the ro llers is the ac cess hatc h to the tub
co ntaining four 12 vo lt d eep  c ycle marine batteries  whic h
po wer the trolling motors,  all c ontrol motors,  the c omputer,
running lights, etc. for 9 hours of continuous use. The batteries
are recharged  daily b y plugging into a rec harger lo cated at  the
dock.

Doc king will be mad e eas ier b y the use of und erwater guid es
which help  to  funnel the b o at in p lac e as  it ap pro aches  the
dock. Also, there is a bar protruding from the dock which mates
With a solenoid operated latch centered on the bow of the boat
to ens ure that the d eck meets  the d ock accurately enough for
wheelchairs to disembark.

Since safety is  of primary concern, the bo at has  a very s tab le
hull and  is  used o nly in the sheltered waters o f a 15 acre lake.
Po wer b y elec tric motors insures that  p hys ic al exhaustio n
doesn't pose the safety risk of leaving one stranded without the
strength to get back to the dock. The tie -down system proves
effective as it releases the boat from the dock once it is engaged
and d oesn' t dis engage (unless the operator o verrides) until the
boat is completely docked.

A difficulty adjustment has also been incorporated into the boat
so individ uals with varying s trengths c an c ontro l the b oat. If
the difficulty switch is at its lowest setting, slight movements of
the rear wheels o n the c hair will cause the b oat 's  mo tors  to
drive at full sp eed. Conversely, if the difficulty s witch is at its
highest  setting, the wheelchair must the driven rap idly to make
the motors on the boat drive at full speed.

The s trength ad vantage o f o ne us er o ver the o ther c an b e
compensated. The advantage of each person operating the boat
simultaneo usly c an be compensated so that more co operative
piloting will be pos sible.

Evaluatio n

The b oat will b e evaluated at  the Roo s evelt  Warm S prings
Ins titute fo r Rehab ilitat ion o n a p rivate lake o wned  b y the
Institute. At the time of this  writing, it is  planned  to launch the
boat in the s pring of 1991 and b egin evaluatio n immediately.
Patients  will be asked to evaluate the b oat' s effectiveness and
case of use.

Discussion

The p ro ject  is ongo ing and  imp ro vements are mad e as  funds
are available. Future p lans include automation of contro ls
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which no w req uire mo uthstick use or c an only be op erated by
paraplegics  and a remo te co ntrol system by which a life guard
or s upervising therapist,  at  the d ock, c an override the co ntrols
on the b o at and  s teer it b ac k to  the d o c k s ho uld  it  b ec o me
necess ary fo r safety reaso ns . Also , there is  the p os sibility o f
rad io c o mmunic atio n between the bo at and the dock, and
monito ring the vital signs of the o perato rs fro m the dock.
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Foot Operated Hold Down

Ray Rego
Rehabilitation Technology Center

Indianapolis, Indiana

Introduction

Many people with one hand or with only
the functional use of one hand, must do
job tasks that require two hands. This
device uses foot power to hold down work
as if it were a second hand. It is a
simple, strong and easy to use device. It
is also fitted with a table to allow extra
work space.

Method

The Hold Down is constructed of steel for
strength, rigidity and cost effectiveness.
It is constructed of seven main componento,
a base, a mast, a foot plate, a hold down
arm, a connecting link, a clamping table
and a counter weight.

The base is heavy steel for stability.

The mast is 2 inch square tube.

The foot pedal is made from flat steel
weldmerts and has a series of holes for
positioning attachment to the mast,
connecting line and counter weight.

The hold down arm is similarly constructed
of flat steel weldments with a series of
holes for attachment to the mast,
connecting link and adjustments. It has
rubber hold down fingers for grip.

The tubular connecting link attaches to
the foot plate and hold down arm by
threaded adjustable links. The placement
and adjustment of the connecting link
change the stroke and the amount of
pressure to use the device.

The steel table attached to the mast is
approximately 6 x 10 inches and gives a
firm clamping base.

The counter weight is a sealed box with a
threaded fill hole which allows sand to
be used as a variable weight agent. This
counter weight makes the device work
effortlessly and also return the hold
down arm to its neutral position without
the use of springs.

19.4

The extra component is a laminate topped
table that gives an extended work surface.
This table rests directly on the steel
clamping table and allows for a great
amount of pressure to be exerted without
bowing or buckling the work surface.

By adjusting the components, clamping of
various thicknesses and materials can
easily be accommodated. The length of
strokes and foot pedal height are also
easy to adjust.

Conclusion

This device allows for the easy holding
down of various materials with foot
pressure. It will allow a one handed
person to do several two handed
functions.
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One Handed Paper Folder

Ray Rego
Rehabilitation Technology Center

Indianapolis, Indiana

Introduction

Working with several clients with the
functional use of one hand, the problem
of folding paper has been a reoccurring
one. Holding the paper, creasing and
folding it, is difficult at best. This
problem was the basis for developing this

product.

Method

This device is composed of three
elements, a stable base, an alignment bar
and a locking folding /creasing bar.

The base is made of 3/4 inch plywood with
a non -skid rubber bottom and formica top.
This allows for stability in using this
device along with a serviceable surface.
An aluminum bar is attached to the top
surface of the base parallel to one edge
so that a piece of paper cab be slid
along it to square the paper to the fold.

The paper is then slid under the stainless
steel folding bar and is locked in place.
This bar is constructed of stainless steel
and has a thin foam layer on its bottom
side for better gripping of materials.

Paper held square and straight is easy to
crease and fold. The size of the device
allows for many sizes of foldable
material and the adjustments of the
folding bar allow for various thicknesses
and types of material.

Conclusion

This is a simple device that can be very
effective in aiding clients with a very
frustrating problem. It can be modified
to deal with the special needs of a
client at modest costs.

Acknowledgment

This work was supported by the Indiana
Department of Human Services.

Ray Rego
Rehabilitation Technology Center
6862 Hillsdale Court
Indianapolis, Indiana 46250

19.5

RESNA 1 4th  ANNUAL CONF ERE NCE • KANSAS CITY,  MO. 1991 305



19.6
Technology and Employment

Diane C. Bristow, M.S.
Office of Disabled Student Services

California State University, Northridge

Abstract

Employment opportunities are
available for many disabled
individuals who were previously
considered unemployable. The
provision of appropriate assistive
technology has made this a
reality. The occurrence of this,
however, still remains limited.
This presentation will offer one
method of increasing the knowledge
of rehabilitation counselors,
r e h a b i l i t a t i o n f a c i l i t i e s
personnel and employers on
assistive technology. Case
presentations through slide and
videotapes will be shown to
illustrate successful employment
by the severely disabled.

Background

Individuals with severe motor and /or
speech impairments have long been
considered to have limited potential
for employment. With the provision
of appropriate technology, however,
these individuals have a greater
opport unity for succe ssful
employment. Despite the existence
of the technology, few individuals
with severe impairments are becoming
gainfully employed or are maintaining
their previous levels of employment.
This may be due to a lack of
knowledge of what is available, poor
or nonexistent assessment procedures
and /or unavailable funding.
Modifications in our current system
needs to be adopted to change this
situation.

objective

If our goal, as a society, is to
increase the number of disabled
individuals in the workplace,
specific procedures need to be
adopted. Of primary importance is
educa tion. Rehabil itation
professionals, disabled individuals
and employers need to be provided
with ongoing training regarding
available assistive technology and
its application in the workplace.

The second major objective should be
the establishment and use of
assessment teams to match the most
appropriate technology to the
individual. While assessment teams
do exist, disabled individuals may
either be unaware of them or may not
be able to be seen by them due to
financial or travel considerations.
The final area is the need for better
coordination and access of funding.

Approach

The first objective is currently
being addressed by the Office of
Disabled Student Services at
California State University
Northridge. Through a three -year
renewable grant from the Department
of Education's Rehabilitation
Services Administration, training on
assistive technology is being
provided to rehabil itation
counselors, rehabilitation facilities
personnel and employers in Federal
Region IX. Federal Region IX
includes California, Arizona, Nevada,
Hawaii, Guam, American Samoa and
Saipan. The training program
provides information on technology
for the blind and visually impaired,
deaf and hearing impaired, physically
challenged, communication impaired
and cognitively impaired. As part
of the training, participants are
provided with hands -on experience
with assistive technology. In
addition, workshops may focus on
exploring possible assistive
technology applications for specific
jobs and disabilities. As part of
the project, a videotape was
developed which presents various
individuals currently employed
through the use of technology.
Included in this tape are disabled
individuals who are respirator
dependent and augmentative
communication users. Assistive
technology has offered these persons
the ability to be gainfully employed.

Results and Discussions

Through the training program, the
targeted audiences have demonstrated
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an increase in their knowledge of
available assistive technology. More
importantly, participants have
independently continued to explore
technology applications within
employment settings after the
training sessions. The current
implication is that more training
opportunities are needed throughout
the United States With increased
knowledge of available assistive
technology, the severely disabled
have a greater opportunity to achieve
employment success.
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SPEECH RECOGNITION TO ENHANCE COMPUTER ACCESS FOR CHILDREN AND YOUNG ADULTS WHO ARE
FUNCTIONALLY NONSPEAKING

Treviranus , F . S hein, S. Haataja, P. Pamest, M. Milnert
The Hugh MacMillan Rehabilitatio n Centre

tand the University of Toronto
Toronto, Ontario

ABSTRACT

Manychildrenand youngadults whoare severely physically disabled
and functionally non - speaking use scanning techniques to control
computers. This study investigated whether combining speech rec-
ognition with scanning can increase the rate of computer input for
these individuals. The study compared two access techniques: tra-
ditional scanning and scanning combined with speech recognition.
Six p art ic ipants were involved  in this s tudy.  T he results  of o ne
participant are presented here in the form of a case study.

BACKGROUND

Althoughchildren with severephysicaldisabilities mayusealtemative
computeraccesssystems (e.g., scanning, morsecode), these are often
slow and restrictive(Vanderheiden and Kelso, 1987).These children
are therefore greatly handicapped in their attempts to keep up with
peers in integrated  ed ucational settings.  Strategies to accelerate
access methods (e.g., abbreviation -expansi on, prediction) have made
relatively minorgains atthe,expenseofadditionalcognitiveprocessing
demands (Light, 1989). Tapping a larger proportion of the child's
controllable actions through a "hybrid" access method has not yet
been investigated.

Instead of trying to accelerate input using a single access technique,
it may be more effective to combine different methods into hybrid
techniques  ( Shein, Brownlow,  Treviranus, P arties, 1990). Many
nonspeaking children who  converse by selecting items from non-
technical communication displays use a combination of s canning
and direct pointing. Although their pointing skills are insufficient to
pick out individual items, these children can use eyegaze or gross
pointing to indicate groups of items. Listeners can then call out or
point to items in a group until the child signals that the desired item
has been reached. Since the child directly points for speedy access to
groups of items, and need only scan within a group, less scanning is
required to select an item.

Althoughthey may nothavesufficientphysicalcontrol even forgross
pointing, many children who are nonspeaking are able to vocalize.
The average listener may not identify these vocalizations as words,
but the utterances may be distinguishable from one another. It may
be possible, therefore, to supplement the scanning systems which
these children generally use with a speech recognition system which
maps words or word approximations into computer input. Distin-
guishable utterances could serve as direct selectors, performing the
pointing furrctionwhich these children cannotphysicallyaccomplish.
In a hybrid system, children could either sc an through or directly
select groups of items, followed by items within the groups.

Some commcrcWly- available speech recognition systems do not
require intelligible words; they simply matchavoice pattem withone
previously tecorded.Fried -Oken (1985). Schmittand Tobias (1986).
and Rodman et al. (1984) report the successful use of such speech
recognition systems with dysarthdc speakers to write, to control the
environment, and to clarify speech.

Our clinical obs ervations of the use of speec h rec ognition with
several no nspeaking children and adults who  are able to make a
number of distinct utterances have noted a recognition accuracy of 70
to 88 percent with a vocabulary of 12 to 20 utterances . Although
speech recognition would not be feasible as the sole input method for
these individuals, it could accompany other input methods as part of
a hybrid selection technique.

An important cons ideratio n in emp loying multiple input mo des,
especially with children, is cognitive processing. Forren and Mitchell
(1986) found thatcombining speech recognition withkeyboard entry
slowed down able- bodied typists. They postulated that this was due
to i nc reased demands on the user's attention and processing resources.
The user was required to devote cognitive resources to speaking each
word in isolation, which is an unnatural method of speech, as well as
attending to visual feedback in order to confirm entries.

For users of scanning systems, directly selecting by vocalization
rather than passively waiting for the computer topresentchoices may
in fact reduce the perceived cognitive load. Forren and Mitchell's
conclusions may not apply to these users, since they are accustomed
todividing theirvisual attention between the text they are editing and
the feedback from their scanning systems. In ahybrid access system,
voice recognition feedback could be incorp orated into scanning
feedback in order to minimize any additional cognitive processing
demands.

Theoretically, combining speech recognition with scanning could
provide a faster, more direct means of computer access for people
who use scanning. It is important to investigate the actual effect on
rate, accuracy, and cognitive load for nonspeaking individuals.

RESEARCH QUESTIONS

The following hypothesis was proposed:

Combining s peec h reco gnit io n with sc anning will increase the
computer input rate for children and young adults who are severely
physic ally dis ab led  and functionally nonsp eaking and who use
scanning as a means of controlling computers.

The following specific questions were addressed:

1) Towhatdegt eewill lheadditionof speech recognition affect input
rate and accuracy?

2) How do physic ally disabled, nonspeaking children and young
adults rank the ease of using scanning alone, and speech combined
with scanning? Which input method do they prefer?

3) How do speech intelligibility, severity and type of dysarthria, and
consistency and distinctness of utterances affect input rate and
accuracy across the different access techniques?

4) What is the rate of imp rovement acro ss the series  of learning
sessions?

METHODOLOGY

Research Design
The research team addressed the above questions by studying two
conditions, each employing a different access technique. For each
participant, both conditions used the same visual matrix, vocabulary,
and feedback (Figure 1). Individual matrices were designed for each
participant based on their personal writing system in consultation
with an augmentativecommunication consultantandthepanicipant's
clinical team. Participants and their clinical teams chose vocabulary
items they deemed necessary or desirable for written communication.

The chosen wads, phrases or letters were placed into logical categories
using classifiers with which the participant was familiar. Classifiers
or group headings appeared in the left -hand column of the matrix;
words corresponding to group headings filled the rest of each row.
Since the system was dependent upon grouping the vocabulary in
meaningful classifiers, the participant's ability to use classifiers was
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My  D ad  d riv e  a  r ac e  c a r  I t  is  lo ud  f as t  fu n .  My  fa m ily  w en t  to  r ac e .

They cheered.
I race Dad. My wheelchair won.

Start qu it I scan pate ❑ Nudltorg scan
❑

Walt

cc mrerds 6 x v a y e p a w pe r io d
?

r e t u r n re ad p r i n t
f'aQp7e I Mum Dad th  y p i l o t fa m ily
"w e s Alc ir o v ic t o r lb n c y  c t r is t in e El i n b e t h
Ac t io ns f ly  i s  r a w  d r iv e  c h e e r e d la r d  v e n t M e lo ve  v on
Li t t l e a and f a r from in i t my m t th er e th e t o
Desc ribe a f r a id be a u t if u l b 1 9 f a s t fun loud
' th in gs Co n c o r d jet  c ar  c o c kp it g a r a g e  r o a d  [ r u d e  v t e e ld e ir
Pla c e s a ir p o r t c a r ad a Po rt o Sos t uc pl To nt o

Figure 1: Samplepageofavisualmatrixemp loyed foronepafticipant.

assessed and taken intoaecount. Participants had access toadditional
vocabulary by selecting page headings displayed in the top row.
Selected words were sent to textwindow above the matrix. The two
conditions were as follows:

A) Scanning

The pardciapmt selects from the matrix using their present mode
of scanning and personal switch.

B) Scanning combined with speech recognition

Utterances were used both to replace the switches the participant
used incondition A), and todirectly selectarow within ascanning
matrix ora specific item. In this condition the participant selected
the page, group or item by speaking an associated utterance or
word approximation. If there was no distinguishable utterance for
the desired page, group, or item the participant used a predeter-
mined utterance tocommand the system to scan therowsoritems
and used another p redetermined utterance to indicate that the
desired item has beenreached. Tochooseany item theparticipant
fustchose the group itbe longed toand then theitem. Thisreduced
possib le co nfusions among words  reco gnized by the s peech
recognition system. The participant could use either scanning or
voice at any stage in the selection procedure.

The study employed a within - subject counterbalanced design with
repeated measures. All subjects participated in both conditions and
the order ofpresentation of the twocondidons were counterbalanced
across participants to control for order effects. The counterbalanced
design was  chos en becaus e of the hetero geneity and size of the
subject group and to reduce the time commitment required of the
participants.

The dependent variables studied included:

1) the net rate of input measured in correct entries per minute ( a
summary measure of rate and accuracy).

2) post hoc analyses of input errors,
3) ease of use rating by the participants, and
4) personal preference rating by the participants.

Participants
Six participants were chosen from the caseload of a local augmenta-
tive communication service. The ages of the subjects ranged from 5
years to 21 years of age. Several were only beginning to establish
literacy.

Participants met the following criteria:

1) their means of written communication employed traditional or-
thography as the representational set,

2) theirmeansofcomputcrinputwas scanning withdiscreteswitches,
3) their speech was inadequate to meet their daily communication

needs, and
4) they could  make three o r more repeatable, but not necessarily

intelligible, utterances which can be distinguished by a speech
recognition system.

Procedures
Participants took part in one introductory session followed by eight
learning sessions forboth conditions. A "probe" test was included in
each learning session to test forrateand accuracy ofinput. During the
learning sess ion eac h part icipant engaged in motivating, age ap-
propriate tasks which maintained their attention and which required
a minimum of skills no t ass oc iated  with c ontro lling the ac cess
technique.

Three sets of equivalent tasks were created prior to the study and
randomly assigned to each of the three conditions. At theend of each
leaming session the participant performed a short copy typing task.
The researcher recorded the gross rate of input in items per minute.
Text produced was scored to determine the net rate of input (number
ofcorrect items entered per minute). Errors and correctedennors were
also recorded. In order to minimize interference effects, the condi-
tions were separated by at least one week during which no training
was provided.

An assessment of the participants ' oral motor function, phonation,
and general intelligibility of speech was performed by a qualified
speech language pathologist using standardized measures or stan-
dard ized measures app ropriately mod ified to ac commodate the
severe dysarthrias of the participant group. Each participant was also
tested for the number of utterances recognized by the speech rec-
ognition system from a predetermined list of 30 words.

Equip ment
The scanning interface was developed on the Macintoshrm SE/30
computer using HyperCard7m Speech recognition wasperformed by
the VoiceNavigatofrm recognitionunit, adevicespecifically designed
for the Macintosh.

RESULTS

As this research is in progress this discussion will be confined to the
performance of the first participant. Of the 6 participants taking part
in this study this participant has the fewest discrete, repeatable
vocalizations (3 versus 58 by participant 2). Whereas the remaining
participants used vocalizations to directly select rows and items, this
participant used the vocalization s to choose functions which enhanced
his scanning.

Case Study
L.B. was a 12 year-old -boy with cerebral palsy (spastic quadriple-
gia). He was attending a segregated school. His reading and spelling
level were both estimated to be at grade 1 to 2. He was using a MOD
Keyboard access system to write at school (Lee, Shein, Parries, &
Milner, 1985). When screened with this system he was writing at a
rate of 23 selections per minute. He controlled the scanning system
using two head switches. One switch was used to select row and item
while the other switch was used to escape from an unwanted row.

L.B. used a multiple page communication folder with Blissymbols
and words to communicate face -to- face. The vocabulary items in his
folder were organized using a modified Fitzgerald key (i.e., subject,
verb, adverb, ad jective, object,  place, time words, alphabet and
numbers). Familiar listeners reported that L.B. rarely used vocal-
izations to c ommunicate. L.B. did not use voc alizations to gain
attention, acknowledge or deny.

During the screening L.B. was not able to repeat or read any words
intelligibly. When screened using the voice recognition system L.B.
was able to produce three discrete, repeatable utterances: "ma" for
mom, "hey" for hello, and "heya" for table. No other vocalizations
could be added without confusions (e.g., "heyma) .
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L.B. chose to write about concord jets, remote cars and trucks, and a
petratduringhisleamingsessio ns.  As thep articipantwasdevelop ing
spelling skills,  who le words  were us ed as vo cabulary items. The
probes were created by a professional who was blind to the exact
order of the voc abulary in the matrix, and was randomly selected
following the learning session. In condition B one vocalization was
used to delete the last selection, a second vocalization was used to
skip to the second half of the rows or the second half of the columns,
a third vocalization was used to select the row of verbs.

As can be seen from Figure 2, L.B. performed better using scanning
and  vo calizatio ns  fro m the fas t  p rob e o nward.  There were no
uncorrected errors. In 56% of the errors an adjacent row or item was
selected, in 23% of the errors an incorrect row was selected. The
subject made an average of 3.6 errors in the scanning condition and
an average of 3.9 erro rs  in the s canning c ombined with sp eech
recognition condition. Vocalizations needed tobe repeated an average
of 1.6 timespriortorecognition. Voice trainingremained recognizable
fro m ses sion to  sess ion unless  the environment was  dras tic ally
changed (e.g., from classroom to small room with noisy overhead
fan).

c 3.:

CL 2.1
N

Q 2.t

2.�

CO 2.,

• S u n ( S W Mi n )

O S u n  &  V . I.  ( S . Y Mi n )

LEI... b

Session

Figure 2: Selections per minute for participant L.B.

Environmental white no ise (e.g., overhead fan or heating system)
seemed to effect the performance of the speech recognition system
far more than other environmental noises (e.g., voicesof classmates,
banging, etc.). The speech recognition system was also very sensitive
to the position of the microphone. Internal straps from aconstruction
helmet were used to mount the mic rop hone rather than the head
mount which came with the system.

DISCUSSION

Both participants studied to -date performed better in selections per
minute when using the scanning combined with speech recognition
condition. The statistical significance of these findings are yet to be
determined. As these results were evident from the first sessions
onwards it appears that the additional leaming demands of using two
selec tion tec hniques were outweighed by the gains in efficiency.
Judging from textcreated during theleaming sessions (during which
participants composed their own text rather than copy typing text),
any additional cognitive demands did not seem to interfere with the
task of writing.

Given the results so far it appears that gains in selections per minute
can be made using scanning combined with speech recognition even
with a very limited set of discrete vocalizations. Results from the
remainingparticipantssho ulddemo nstratetheeffects thatthenumber
of discrete vocalizations have on gains in performance. Performance
res ults from the remaining participants  are req uired b efore any
conclusions can be reached concerning the general application of
these findings.
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EMOTIONAL SYNTHETIC SPEECH

IN AN INTEGRATED COMMUNICATION PROSTHESIS

lain R. Murray, John L. Arnott, Norman Alm & Alan F. Newell
Microcomputer Centre, Dept. of Mathematics and Computer Science,

University of Dundee, Scotland, UK.

ABST RACT

Development of a rule -based system to add vocal
emotion effects to synthetic speech using a
commercial synthesiser is described. The output from
the prototype system was evaluated positively by
naive lis teners , and  the system has been inco rporated
into an integrated communication prosthesis for the
disabled.

BACKGROUND

Many communication prostheses  use synthe tic speech
devices for output. It has not previously been
possible, however, to include vocal emotion effects
within such speech. The system desc ribed here  was
designed for integration into a predictive prosthesis
(1), and has  been comb ined  with the PAL and  CHAT
prediction systems (2 and  3 ) to  fo rm a system which
can produce a predicted phrase from storage or a
unique phrase built up from predicted words, and
speak it with emotive affect through a commercial
speech synthesiser.

STATEMENT OF THE PROBLEM

Emotion is a very important constituent of human
speech, often containing more information about the
speaker and  the message than the  words themse lves .
It  is  thus highly des irable to include  emotion capabi li ty
in a communication device  to allow d isabled users to
express themselves in a natural way. While earlier
sys tems  such as  CHAT have  had  a "mood"  capab i l ity,
this has been achieved by the choice of word or
phrase, and the actual voice of the synthesiser has
remained neutral.

RAT IONALE

Some isolated studies over the past f if ty years or so
have investigated which features of the voice alter
when the speaker is expressing a particular emotion
(see (4) for bibliography). This work indicated that
emotion is  carried  by variat ions  in three f acto rs within
the speech:
(i) voice quality,

(ii) pitch contour of the utterance, and

(iii) timing of the utterance.

The  current pro ject sought to alte r these three factors
within synthetic speech in a controlled way so as to
simulate appropriate effects in order to suggest
emotion in the voice. This was implemented by
developing a set of voice control rules, allowing the
effects to be implemented on any text entered into
the system.

DESIGN

20.2

The HAMLET system (Helpful Automatic Machine for
Language and Emotional Talk) was designed to
operate on an IBM PC or compatible computer, and
the prototype used the high qual ity DECtalk V2.0
synthesiser. The DECtalk offered a high degree of
user control over the voice quali ty and phoneme
parameters, as  we l l as a vo ice with high intelligibility
(adding emotion effect to a low quality synthesiser
might result only in furthe r loss  o f intelligibility). The
prototype version of HAMLET was conceived as a
stand -alone sys tem for developing and testing the
emotion rulebase. It allows an unrestricted text
phrase to be entered, converts this into phoneme
representation (using the DECtalk), and then allows
the user to select an emotion to speak it with; the
emotion assignment phase  takes  about a second fo r a
ten word phrase. The user interface displays each
stage of the process, and the user can direc tly alter
voice or phoneme values using the built -in screen if
required f or testing  purposes. The  vo ice editor can be
used to create and store a new voice "personality ",
and could be used to tailo r the vo ice  to suit a non -
vocal user.

DEVELOPMENT

Once a substantial amount of information had been
gathe red  f rom the literature on human vocal emotion,
it  was  dec ided  to simulate six discrete emotions  with
the prototype HAMLET system; anger, happiness,
sadness, fear, disgust and grief were selected, as
these were the emotions  about which mos t data was
available. A rulebase  was  then developed , based on
this  literature, which inc luded  appropriate vo ice  quali ty
changes for each emotion, and a series of rules for
altering particular features of the timing and pitch
contours. The original rules were improved by
subjec tive  evaluation o f the synthe tic  voice  output and
readjustment of the rules.

The emotion assignment process is additive with
respec t to the neutral  speech parameters. The  vo ice
qual ity changes  are  sub tle, based on the  current vo ice
settings (large changes alter the "personality" of the
voice), and  the  phoneme pitch and duration (which in
combination form the pitch contour and overall timing
of  the  utterance) alterations are also additive to re tain
the stress and accent information within the
utterance. The emotion module would  the re fore fo rm
a logical additional module in a text -to- speech system
(5).

EVALUATION

After an initial pilot experiment to test the
experimental procedure, a f o rmal listening experiment
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was conduc ted with 35 paid subjects (university
students). The experimental method was based on
human emotion experiments, and involved the
subjects listening to a series of phrases, and
commenting after each one on the emotion which
they perceived in the voice. In the first part of the
experiment this was by unrestricted keyboard input,
and in the second , the  sub jec t was f o rced  to  pick (by
mouse) one emotion adjective from a list of fif teen
(inc lud ing distractors) displayed on the screen. The
test phrases were of two kinds; half had emotive
texts and half were emotionally neutral. These
phrases  were  each spoken with neutral vo ice  and with
an emotional voice (in the latter case , corresponding
to the textual emotion if appropriate). This design
allowed the results of each phrase with neutral voice
to be sub trac ted  from the result  fo r the same phrase
with emotive voice, to give the net effect of add ing
the vocal emotion effects; these dif ference values
were  then analysed using McNemar's  tes t. This  was
done only for the quanti tat ive results of the forced
response test; the free response results were not
formally analysed, being used instead to identify
particular problem phrases.

Results
For neutral phrases, a s ignif icant improvement (at the
5% level) in vocal emotion recognition was noted for
about one third of the tes t phrases, and for emotive
phrases, a signif icant improvement (at the 5% level)
was noted for about one half of the test phrases.
Figure 1 shows  the average  numbers of  sub jec ts  who
changed their identif ication of emotion between the
two utterances of the same phrase, for the neutral
and emotive phrase texts (eg. for neutral phrases
spoken with anger, four more subjects on average
thought it angry when the vocal anger effects were
present, and one subject less thought the emotion
was something other than anger). This shows that
the emotions are recognised to dif fering degrees.
Disgust is  the least convincing, and grief is  the most
real ist ic  in context, but out o f  context i t  is more often
perceived as sadness.

Neutral Phrase Texts
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.2 1 Anger Happiness Sadness Fear Grief Disgust

DISCUSSION

The  results o f  the listening experiment suggested that
the HAMLET system was producing recognisable
vocal emotion e ffects. These  were  f ound to be large r
for emotive texts than for neutral texts, and the
recognition rate also f luctuated between emotions;
this also occurs with human speech, and similar
rankings were found to earlier studies (6). Work on
HAMLET is continuing to develop and improve both
the real ism o f the emotions produced, and the range
of emotions available. This work is based on an
accepted three dimens ional emotion model, and is
controlled by specifying the three co- ordinates, rather
than a particular discrete emotion.

An Emotive Communication Prosthesis
For use in a communication prosthesis, the HAMLET
rulebase  has  been inco rporated  into the CHAT sys tem
(3). CHAT automatical ly navigates the  use r through a
simple conversation by predicting appropriate phrases
from a set appropriate  to each conversation stage. In
addition, a unique phrase  can be  input i f  required ; this
process uses  the resident PAL system which predicts
words based on their frequency and recency of use
(2). Combining HAMLET with the other systems
required removal of the HAMLET screen handling
procedures, and appropriate modif ications to the
CHAT user interface; careful earlier design of both
systems facilitated this process. In conjunction with
CHAT's existing mood capability using appropriate
phrase sets, the HAMLET rules add a further
dimension to the speech by adding vocal emotion
effects. A method was devised for mapping the
seven HAMLET emotions (including neutral) onto the
four o riginal CHAT moods (polite, informal, humorous
and angry); Figure 2 shows the default mapping of
the vocal emotions  to the  text moods . This system is
now under evaluation; it may be that some
combinations of phrase sets and vocal emotion are
inappropriate, requiring addition of further phrase
sets or simulation of dif ferent vocal emotions. It
would be possible, however, to give more advanced

n

I Anger Happiness Sadness Fear Grief Disgust

EXPECT ED EMO T IO N ( ST IMUL US) EXPECT ED EMO T IO N ( ST IMUL US)

® Expected emotion selected

EJExpected emotion not selected

FIGURE 1: Average difference in vocal emotion recognition
caused by addition of HAMLET vocal effects
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CHAT users the capability to control their phrase
moods and vocal emotions independently in order to
generate furthe r modes of  exp ress ion (the  empty cel ls
in Figure 2 ), as has been demons trated  p revious ly by
some disabled CHAT users (eg. using anger phrases
out of context with the neutral synthesiser voice in
order to achieve humorous affect).

HAMLET
VOCAL EMOTION

N A H S F D G

P D D D D D
CHAT I D
TEXT

EMOTION H D

A D

FIGURE 2: CHAT/ HAMLET EMOTION MAPPINGS
The default mappings are shown (D); the remaining

squares represent possible further combinations wh ich
may be used for particular effects

CONCLUSI ON

A system for producing vocally emotive utterances
has been demonstrated, and been found to produce
emotions  recognisab le by naive  lis teners. This  sys tem
has been incorporated into a prototype
communication prosthesis to allow the user to better
express their feelings through the synthetic speech.

ACKNOWLEDGEM ENTS

This work was supported by SERC Postgraduate
Studentship 8631679X, SERC /MOD Research Grant
GR /F 63862 and the Digital Equipment Corporation.

REFERENCES

1) Newe ll, A.F., Arnott, J.L. and Alm, N.,
"Developments Towards an Integrated Prosthesis for
the Non - Vocal ", Proc. 13th RESNA, 1990, pp. 97-

98.

2) Swiff in, A.L., Arnott, J.L., Pickering, J.A. and
Newell, A.F.,  "Adaption and  Pred ict ion Techniques in a
Communication Prosthesis ", Augmentative and
Alternative Communication, 12/1987, pp. 181 -191.

3) Alm, N., Newell, A.F. and Arnott, J.L., "A
Communication Aid which Models Conversational
Patterns ", Proc. 10th RESNA, 1987, pp. 127 -129.

4) Murray, I.R. and J.L. Arnott, 'Towards the
Simulation of Emotion in Synthe tic  Speech: A Review
of  the L ite rature on Human Vocal Emotion ", paper to
be published.

5) Murray, I .R., Arno tt, J.L. and Newe ll, A.F.,
"HAMLET - S imulating Emotion in Synthetic Speech ",
Proc. Speech '88, 7th FASE Symposium, 1988, pp.

4:1217 -1223.

6) Johnson, W.F., Emde, R.N., Scherer, K.R., and
Klinnert, M.D., "Recognition of Emotion from Voca!
Cues ", Arch. Gen. Psychiatry, 43, 1986, pp. 280 -283.

lain R. Murray,
Microcomputer Centre,
Dept. of Mathematics and Computer Science,
The Universi ty,
Dundee DD1 4HN,
Scotland, UK.

RESNA 14 th ANNUAL CONFE RENCE • KANSAS CITY,  MO. 1991 313



20.3 Synthesized Spanish speech using letter  -to -sound ru les

Pamela Trittin and Richard Foulds
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Wilmington, Delaware USA

Abstract

This article provides an explanation of work being
conducted at the Applied Science and Engineering
Laboratories of the University of Delaware and
Alfred 1. DuPont Institute. The purpose of this work is
to provide a way for nonvocal, Spanish - speaking indi-
viduals to be able to communicate in a society which
is predominately vocal by incorporating a text-to-
speech program which uses Spanish letter -to -sound
rules into a speech synthesizer.

Background /Statement of the Problem

As the Spanish - speaking population in the United
States continues to increase, so does the necessity for
multilingual speech synthesis devices. Former meth-
ods to produce such a device simply alter existing
English methodologies. One technique uses letter -to-
sound rules of English and changes the spelling of the
Spanish word, phrase, or sentence to obtain an
approximation of the pronunciation in the Spanish
language. Another method combines phonemes of the
English language to estimate Spanish phonemes
(Sherwood 1978). The result of applying these meth-
ods is Spanish speech which sounds very English -like
since there are phonemes which cannot be represented
by the English language.

Since the speech produced by the previously men-
tioned methods is unsatisfactory, an alternative
method using a text -to- speech algorithm with letter -
to- sound rules produces astonishingly natural results.
Implementing a Spanish diphone library and letter -to-
sound rules yields synthesized speech which reflects
the natural qualities of the Spanish language. The
resulting speech is a smooth sounding Spanish utter-
ance. This method not only allows language- specific
dialectical differences, but it also incorporates age and
gender characteristics of the potential user.

Approach

Like the method used by Yarrington, Jones and
Foulds, three steps are necessary to produce synthe-
sized Spanish speech using letter -to -sound rules: (1)
produce a Spanish diphone library, (2) create a Span-
ish text -to- speech program to convert Spanish text to
synthesized speech, and (3) apply prosodic features
before producing the final synthesized speech.

Step one involves creating an inventory of Spanish
diphones. Typically a diphone library consists of at
most n2- n entries (n being the number of phonemes).
There are roughly 28 phonemes in the Spanish lan-
guage; therefore there are 756 diphones in the

1
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� � � 'yy� 1� � �� � � 14kr � �� �� 11I I� �Nl� i�� '� ' {� � � i'1(� �� •'`M, `� --�1i� "� ,�� '� ,�"yC�� y �
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Diphone #a taken * Diphone ad taken Diphone do taken Diphone of taken
from the word baba from the word dodo from the word dedo from the word pago

By concatenating the above diphones, the  word hado is produced.

' The symbol # refers  to a  blank space.
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inventory. This is an upper bound which eliminates
repetitions; however ee and oo are added since there
is an increase in either duration or pitch in words such
as creer and cooperar (as was noticed while recording
the voice of a Costa Rican native). Compared to the
1560 diphones necessary to create an English diphone
inventory, the number of diphone library units in the
Spanish library is a considerable decrease. It is, how-
ever, necessary to increase the size of the Spanish
diphone inventory because the quality of liquids and
glides (1, w, r, rr),and diphthongs (ai, ao, oi) is unsat-
isfactory unless they are concatenated as triphones
instead of diphones. In other words, the surrounding
phonemes are included when they are manually
extracted. This increases the Spanish diphone library
to a potential 5488 units. Many of these, however, are
not found in Spanish. The current library consists of
895 diphones and triphones. Stored as rime - domain
waveforms, the diphones extracted from carrier -
words make up the Spanish diphone library. In order
to incorporate gender and age differences, diphone
libraries are produced by recording male, female, and
children's voices. Storing the diphones as time -
domain waveforms retains the natural language qual-
ities of speech normally lost through analysis
(Yarrington, Schlemmer, and Foulds 1990).

The second step to create synthesized Spanish speech
is to create a text- to-speech program. This program
converts written Spanish text to speech using a
pronunciation dictionary in addition to letter - to-sound
rules. The dictionary is established to cut down the
number of calls to the letter -to -sound rules. Included
in this dictionary are not only Spanish words whose
pronunciation violates the letter -to -sound rules but
also frequently used words in the Spanish language
obtained from a Spanish corpus. By including a suffix
stripper to the algorithm, the size of the dictionary is
reduced considerably since there is no need to add
words containing certain suffixes to the dictionary: the
root word is all that is necessary. Suffixes accounted
for in this program include the following: -ito, -ita,
411o, 411a, -ico, -ica, -uelo, -uela, -ete, -eta, - fsimo,
- fsima, -rn, -ina, and -s. With the help of the suffix
stripper, the text- to-speech program outputs a
symbolic representation of the inputted Spanish
lexeme (or phrase or sentence). A speech device then
takes this representation as input and produces an
analog signal which is the synthesized Spanish
speech.

The final step to produce Spanish speech involves
prosodic features. Prosodic features applied to synthe-
sized speech eliminates monotonous tendencies of
synthesized speech produced through this text -to-
speech program. Among these features are pitch,
stress and duration of sounds. A prosodic program

will assign values for these features based on the
Spanish syllabification and stress assignment algo-
rithms. The syllabifter program accomplishes these
two tasks. Spanish words break down into syllables
using nine fundamental rules, and three elementary
rules govern the placement of stress. For example, if
the incoming word is amigo, the program outputs
a.mi ".go. Adverbs ending in -mente receive one pri-
mary stress marker and one secondary marker:
u"t.il.me'n.te is the result of inputting 9tilmente. Sep-
arating a word by syllables and applying stress
markers provides a means to assign values to prosodic
parameters to synthesized speech which ultimately
produce highly intelligible speech.

Implications/Discussion

Prosocic features applied to synthesized speech
together with a text -to- speech algorithm using Span-
ish letter -to -sound rules provide synthesized speech
that is highly inteligible and natural sounding. It pro-
vides a means for nonvocal individuals to verbally
communicate in this predominately vocal society.

This method produces exceptional, natural sounding
speech output. The qualities of gender and age are pre-
served, and the output is highly comprehendible.
Although the synthesized speech obtained is encour-
aging, there are drawbacks to this method . The main
limitation to this method is that pitch is difficult to
manipulate. This is because no analysis of the digi-
tized speech and extracted speech segments is done;
therefore, loss of natural speech qualities is kept to a
minimum. Timing of an utterance also poses some
problems to this methodology. Increasing the duration
of phonemes which contain steady states is not a prob-
lem for this method: the pitch period of the steady
state is simply repeatedly inserted. However, increas-
ing the duration of phonemes which do not have
clearly defined steady states as well as decreasing the
duration of all phonemes are difficult to manipulate
(Yarrington, Jones, and Foulds 1989). One way to
overcome these drawbacks is to increase the number
of diphones to include stressed and unstressed sylla-
bles. The diphone, el, taken from papel is stressed, but
the diphone from dngel is not stressed. By including
both stressed and unstressed diphones in the inven-
tory, concatenation with the appropriate diphone
should provide satisfactory results. This is a feasible
option because the inventory for the Spanish language
is nearly four times smaller than the English inven-
tory, so the expense of almost doubling the Spanish
inventory is not overwhelming. Only those diphones
which contain vowels require stressed and unstressed
carrier words. Further research and experimentation
with this option will hopefully result in acceptable
synthesized speech.
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A STRATEGY FOR GESTURAL CONTROL OF SYNTHETIC SPEECH 20.4
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Ab s trac t

There is a growing interest among computer s cientists to devise
methods by whic h p eople c an interact  with a co mputer thro ugh
a combination o f ma nua l, visual or fac ial gestures. For
ind ivid uals  who  are unab le to  s p eak,  a ges tural method  o f
communication may offer a more effic ient method of
co mmunic atio n. If  t he method of c ommunic atio n can be
translated by computer to produce synthetic speech, the
requirement that other individ uals kno w the ges tural language
is  eliminated . A s trategy fo r gestural c o ntro l o ver s ynthetic
speech has been develo ped as an alternative to keyb oard based
augmentative c ommunic ation. The ges tural metho d interp rets
a gesture ind ic ated b y the us er thro ugh an ap p ro p riate inp ut
device as a s yllab ic utteranc e in Englis h which in turn is
acoustic ally synthesized. The strategy includ es an o rtho grap hic
representation of English that takes into account the phonotactic
constraints on English syllable s tructure in order to minimize the
complexity and time associated with the produc tion of a syllabic

utterance.

Bac kgro und

There are ap proximately 1.5 millio n children and ad ults  in the
USA who are unable to s peak due to neuromuscular impairment
[1]. For those ind ivid uals whos e mo tor ability is intact , manual
sign language may be used. Sign Language, such as  Americ an
Sign Language (AS L),  has the advantage o f allo wing the user
to  c o mmunicate at  a rate co mmensurate with c o nvers atio nal
English b y gesturing.

Fo r tho s e who  are b oth no n - verb al and  mo to r d is abled,  the
extent o f their phys ical d isabilit ies  s ignific antly reduces  their
ab ility to ac curately pro duce the gestures  of ASL. Ho wever,
individ uals  within this  group  p os s es s  a wid e range o f limited
motor ability and many are ab le to use some form of
communication board or devic e to augment their communic ative
ab ility. Wo rk on gesturally b ased  metho d s  o f augmentative
communication is  b as ed up o n the hyp o thesis  that  a s ys tem
which c an reliab ly interp ret an individual's repeatab le gestures
may p ro vid e the ind ivid ual with a mo re effic ient metho d  o f
co mmunic atio n. Gestu re is broadly defined to mean an y
continuous manual motion or set of motions with communicative
intent. Gesturally based c ommunic atio n may b e group ed  into
two approaches: ges ture reco gnitio n and  p ho no top ic .

A gesture rec o gnit io n system learns and subseq uently
rec o gnizes  the free limb and  head  mo vements  o f ind ivid uals
who  are b o th non -verbal and motor d isabled [2,7,8]. This
ap p ro ach ap p lies c ommerc ially availab le po s it ion mo nito ring
sys tems to monitor a point on either a limb o r the head. These
movements are analyzed with the intent to harness the repertoire
of ges tures  availab le to  a p art icular s ub jec t  and to  d evelop  a
method  for computer recognition of these gestures. Presumably
the rep erto ire o f ges tures  c o uld  s ub s eq uently be map ped  to
vario us functions for co ntro l of computer based  devices.

A pho no top ic s ys tem is  bas ed  on a rep res entation of sp eec h
captured in a computer dis play. Phono topic refers to a
top ologic al arrangement o f pho nemes. Ges tures are indicated
by p ass ing a pointer through the dis play to s elect targets  us ing
a position monitoring devic e. In this case, a gesture
corresponds to a s yllab ic utterance. A phonotopic system
encourages the us er to  as s o c iate a part ic ular ges ture with a
speech utterance. The go al is  to p ro vid e an ind ivid ual with a
method of co ntro l over synthetic speech which allo ws the
individual to  d evelo p  a p rop rio c eptio n o r tactile- kinesthetic
ass ociation of the parameters  of s peech much in the s ame way
a keyb o ard  allows  a p ianis t  to d evelo p  a p rop rio c ep tio n o f
mus ic.

Although not intended for augmentative communicatio n,
phonotopic interfaces to speech synthesizers have been
demo nstrated  as  early as 1960 [4]. By manip ulating the firs t
and sec ond fo rmants  o f sp eec h,  Gunar F ant demonstrated  an
analog speech synthesizer whic h could produce vowel
utterances. Fo r examp le,  it  was  po ss ible to pro duce a set  o f
utteranc es which sounded  like " I love you" sinc e consonants do
not p lay as  c rucial a ro le as vo wels  in the intelligibility o f this
phrase. By p ass ing a p o inter thro ugh a s p ac e d efined by the
two  fo rmants  (o ne axis rep res enting the fast  fo rmant and  the
other axis  repres enting the s ec o nd),  F ant c o uld ind ic ate the
phrase through a "gesture ".

Recently,  Girson and Williams  [6] have pro posed an art iculator
based metho d of co ntro l o ver synthetic speech. An articulator
bas ed  method  of c ontro l involves simulating various po sit io ns
and  mo tio ns  o f the to ngue and  vo c al trac t  b y c o ntro lling a
trajectory thro ugh a s pac e and  b y p res sing a set  o f s witc hes .
This method of co ntrol can b e termed a manual articulato r and
invo lves s pecifying several parameters whic h c omp rise a single
pho neme o r s peech sound. Parad oxically,  the autho rs  reject  a
phoneme based method of control because it is too burdensome.
Ho wever, their approach requires the control of several
parameters to  generate a s ingle phoneme.

S tatement o f the P ro b lem

To  d ate, no  emp iric al ap p roac h has been discuss ed in the
literature concerning the design of a phonotopic gestural
communication sys tem. This pap er d is cuss es one s trategy
which organizes the p honemes in a disp lay acco rding to  natural
constraints governing English syllable s tructure. The hypothesis
is that by applying the known phonotactic constraints on English
syllable struc ture to  the d esign o f a ges tural s ys tem,  an add ed
dimension o f co ntro l over s ynthetic  s peec h is  p ro vided to  the
non -vocal individual.

Ap p ro ac h

The sequenc e of conso nants and vowels during the co urse of an
utteranc e in Englis h is highly cons trained by the rules of
syllab le structure. T hese rules  are determined  in p art b y the fact
that  the pro duction of sequences o f syllab les involves alternate
opening and closing gestures  in the vocal tract , with vo wels
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occ urring during the o pen p hases  and  co ns onants or co nso nant
sequenc es  oc c urring d uring the co nstric ted  p has es . Syllable -
bas ed  co nstraints  are utilized  in the ap pro ach rep orted  in this
paper to simp lify an ind ivid ual' s control over a speech
synthesizer. The control pro ced ure req uires the user to exec ute
one ges ture or mo to r act  fo r eac h s yllab le. The us er ind ic ates
a s yllab le b y selecting targets in the d is p lay. T he ra te o f
co mmunic atio n is enhanc ed by des igning the disp lay to
minimiz e t he t ime  it  tak es  to  ind ic at e a  s yllab le. Onc e an
utterance is ind icated , it  is  ac ous tic ally s ynthesized  by a speech
synthesizer.

The ap pro ac h p res ented  in this  paper utilizes the syllable as the
unit  o f sp eec h p rod uc tio n,  rather than a larger unit  suc h as  a
wo rd  or phras e,  or smaller unit s uc h as the pho netic  s egment.
If  every p ho neme is  c aptured  in the d isp lay,  the b enefit  o f a
phono topic  syllable -based app roach is that the us er can exp ress
an unlimited  vo c ab ulary. There have been very few attemp ts
at  develo ping a s yllable -b ased  c o mmunic ation sys tem. Most
no ta b le  is  the  WR IT E s ys tem [5]. WRI T E is  b a s ed  o n  a
statis tical ap proach which c ap tures the mo st frequent syllab les
oc curring in a 100,000 wo rd co rp us  o f c onvers atio nal English.

As  an example o f
a

spatial arrangement that takes  advantage of
the struc ture of a syllable, one might imagine a circ ular regio n
in a plane. The selec tion the user makes  for each syllab le has
so me s imilarity to  the "manner"  a s p eaker us es  to  pro d uc e a
syllab le with the intact speech app aratus. Vo wels
(c o rres p o nd ing to  the o p en p has es  o f the vo c al trac t  d uring
utteranc es) form the nuc leus or central p ortion of the s yllab le.
They are rep res ented  mo re centrally in the c irc le. Conso nants
that tend  to  b e at  the b eginning o r end  of a s yllab le wo uld b e
mo re p erip heral, while c o ns o nants that  c an occupy a no n-
terminal p os it ion (s uc h as [r]  and  [n] in the word riot would
be lo cated  mo re centrally in the circ le,  b ut no t as central as  the
vo wels . In th is  way,  t he u s er c o uld  make  s elec tio ns  f o r a
conso nant clus ter witho ut having to make a sharp change in the
direc tio n o f the mo vement.

In add ition to s yllab le based c onstraints,  the statistics  of s poken
Englis h need  to  b e co ns id ered  as well. While s yllab le b as ed
constraints  help define the relative loc atio n of p ho nemes in the
disp lay, there may be several phonemes co mpeting for a
particular po sition during the course of an utteranc e.
Ap plic ation o f the s tat is t ic al c harac teris tic s of s p oken Englis h
helps  to  ord er the set  o f p honemes . Denes (3) repo rts o n the
statist ics  of sp o ken English. Thes e s tat is t ic s  are examined  to
determine the lo cation o f p ho nemes in the disp lay. The
plac ement of each o f the phonemes is go verned  b y the go al to
minimize the effo rt  exp end ed  b y the us er to  ind ic ate two  likely
co -o cc urring p ho nemes . Mo re freq uently o c curring p ho nemes
are p o s it io ned  in lo catio ns  whic h are easily ac c es s ed  b y the
us er while less freq uently occ urring phonemes are placed
otherwis e.

T he geo metry  o f  a p ho no to p ic  d is p lay mus t als o  ta ke into
ac co unt b io mechanical co ns traints . Co ns id er as an examp le, a
dis play whic h is  to  be navigated  b y a hand -held  mo us e. The
mec hanic s  o f human arm mo tio n  help  d efine the c o ns traints
ac c o rd ing to  whic h p ho nemes  are p o s it io ned  in the d is p lay.
Given the fac t that certain trajecto ries are eas ier to perform than

others , the goal is to p lac e most frequently occ urring phoneme
seq uences along the trajecto ries whic h are the eas iest to
produce. Rosen et al. [9] repo rt results o f a moto r as sess ment
of 11 motor - disabled subjects and 16 able - bodied subjects. The
res ults revealed a systematic dep end enc e o f movement t ime on
dis tance,  and a strong and so metimes regular variat io n of
movement s peed with direc tio n.  The dep endence of movement
time is  d esc rib able in b io mec hanic al terms ; individ uals are
slo west in the d irec tio ns  whic h req uire nearly p ure s hould er
motion and fas tes t in the ortho gonal direc tio n. For example, a
right hand ed individ ual would exhib it the fas tes t motio ns from
the left  lower q uadrant to  the right upp er q uadrant.

Imp lic atio ns

The approach described above id entifies some constraints which
can be app lied  toward the develo pment of a ges tural interfac e
for synthetic s peech. Altho ugh the ap pro ac h d es cribed abo ve
was  ap p lied  to  a s tand ard  mous e, it  may b e ap p lied  to  o ther
po s itio n mo nito ring devices  as  well. Unlike the ap p ro aches
whic h attempt to rec ognize unc onstrained  ges tures [e.g. 7], the
approach proposed in this paper adds constraints which may aid
in the evaluation of the feasibility of us ing co ntinuo us ges tures
as an alter native o r ad d ed inp ut mod ality to  augmentative
co mmunic ation. For similar reaso ns to  the o nes  d isc uss ed by
Rosen and Trepagaier [9] arguing for the need to systematic ally
evaluate the layout of a keyboard b ased  co mmunication device,
a sys tematic ap proac h is  required for evaluating communication
tec hniq ues  which make us e o f c o ntinuo us  gestures  thro ugh
positio n monitoring devices. A thoro ugh ap pro ach req uires the
develop ment o f ass ess ment tec hniq ues for us e o f c ontinuous
input devic es such as the mouse, joy- stick, head mouse,
Po lhemus and  data- glo ves  whic h pro vide add ed  degrees  o f
freedo m. In rehab ilitat io n, there is an ac tive interest in
evaluating thes e inp ut mo dalities . A s ys tematic  ap pro ac h is
req uired ,  given that  the way in whic h thes e d evic es  will b e
utilized is highly dep endent on the individual motor
characterist ics of the user as well as the functional
charac teris tics of the partic ular ap plicatio n.

Disc us sion

The ap pro ach d isc uss ed in this pap er presented o ne layout for
a phonotopic disp lay to be co ntro lled by mouse gestures.
Consonant c lusters rep resent a particular challenge for this  type
o f d is p lay. In ord er to keep mouse trajecto ries smooth,
cons onant clusters must be loc ated  more c entrally in the space.
Ho wever, this  c o uld  res ult  in complex trajecto ries fo r the
pro ductio n of s yllables  witho ut c onso nant c lusters. The user
wo uld have to avo id  c onso nants  loc ated  more c entrally in the
display in o rder to go direc tly from a s yllab le - initial cons onant
to  a  vo wel. T he us e o f a p res s ure s ens it ive d evic e might
provid e a useful alternative to  the mo us e in this  instance. By
rep res enting syllable - initial and syllab le -final co nso nants and
vo wels  in the same p lane in the dis play and by lo cating thos e
cons onants whic h follow the syllable initial conso nant or
prec ed e the s yllab le final c ons onant in reced ing p lanes,  us ers
might need only app ly pressure during the course o f  a n
utterance in o rd er to invo ke the conso nant clus ter. This
approach may result in a disp lay whic h maintains the
smoo thness  of trajec tories for a maximal number o f utteranc es.
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Adding a press ure sensitive device provides the d esigner of the
disp lay with an ad dit io nal d egree of freed om. The ad ditional
degree of freedo m allows fo r a p os sible inc rease in the rate of
informatio n transmiss io n. If each degree of freed om is treated
as an independent c hannel of information,  add itio nal degrees  of
freed om mean that  fewer phonemes  need to be map ped to  any
single d egree o f freed om.

An alternative to  layering the dis play which req uires  a pressure
sens itive devic e would b e to  selec tively d eac tivate targets  o n
the disp lay based on the user's selec tion process. This
approac h is s imilar to  the work being do ne in predic tio n in that
it  req uires p red ic tive tec hniq ues  in ord er to d etermine whic h
targets  are likely to  b e s elected  next. Phonotactic co nstraints
can als o  be utilized in this  ins tanc e to  s imp lify the s electio n
process. Certain non - initial o r non -final consonants can
immed iately be de- activated bas ed o n the selectio n process  (as
an examp le, if  /s/  and JV are selec ted , Al is not a p oss ible next
alternative). Another app ro ach to imp ro ve the d is play wo uld
be to  emp lo y language units  whic h are gro up s  o f p ho nemes
suc h as  the language units  emp loyed  in WRITE [5]. Finally,
several alternative ap p roac hes  to  the single po int trajec to ry
might b e taken. By utilizing a glo ve  whic h c o u ld  meas ure
hand  p os ture and po sitio n,  s everal ad ded degrees  o f freedo m
are p rovided. Work is und erway at  the MIT Media Lab orato ry
Co mp uter Grap hic s  Animatio n Gro up  to  evaluate emerging
glove technologies to allow users to interact with 3- dimensional
grap hic al enviro nments . An ap p ro ac h whic h utilizes  glo ve
technolo gy for c ontrol o f synthetic  speech need  not ado pt s ign
language c onventions . Fo r examp le, Sturman,  Zeltzer and
Piep er [10] have evaluated  the hand  as  a valuato r (a p o lled
device that returns a co ntinuo us scalar value). Typical
valuators are sliders and dials. Mice often are used  as valuators
by examining only one degree of freedom. Sturman et al. point
out that the DataGlo ve from VP L res earch (Red wood City,  CA)
returns  10 values  rep res enting the angles  o f the finger joints
and  s ix values repres enting the p os it io n and orientatio n of the
bac k of the hand. Taken s ep arately, these values can b e us ed
as valuators. Ho wever,  it  is ques tio nable if  an ind ividual with
mo to r impairments co uld utilize all values . This need s careful
evaluation, but it is anticipated that a subs et of the values could
be utilized  b y so me ind ivid uals , p ro viding a p os sible increase
in the rate o f co mmunication.

Part  of the mo tivation fo r this  wo rk was  the o bs ervatio n that
ges tural method s o f co mmunic ation enable deaf individuals to
co mmunic ate at  a rate equivalent to the rate o f c onvers atio nal
speech. The goal of this  p ap er was  to  p resent an app ro ac h to
help mo to r d isab led non -vocal people utilize their limited
rep erto ire o f ges tures  as  a metho d  fo r generating s ynthetic
speech. AS L is  no t ap p ro p riate for ind ivid uals  with mo to r
impairments. Furthermore, these ind ivid uals usually have
normal hearing and ac quire co mp etence in Englis h. Req uiring
ind ivid uals  who  und ers tand  Englis h to  learn a new ges tural
language with a new grammar suc h as  AS L is  q ues tio nab le.
This motivated  the design p resented  in this p aper with a s ingle
point trajectory serving as a control signal through a phonotopic
space. Clearly, the feas ib ility of this  ap proac h remains  to  b e
demo ns trated  in c linic al trials . Exp eriments are und erway to
help evaluate this app ro ac h. Assessment techniq ues are
currently being d evelop ed for the mo use and  the d ata -glove as

inp ut d evices.
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INTRODUCTION

The CANDY project (Communication Ass is tance to
Negate Disabilities in Youth) is a ten -year effort to cre-
a te  a  co nve rsa ti ona l s pe ech s ynt hes izer for  u se  by
individuals  who have cerebral palsy.  This  project is
cur rently  in it s  t hird y ea r, and  se veral pre limina ry
results  have been obtained.  Research on this  project
involves  a  cooperative  effort among electrical engi-
neers , comput er sc ie ntis ts , spee ch and hearing spe-
cia lists, a nd occupational therapis ts . This paper
describes  the  dir ections  of the  C ANDY pro ject and
presents  progress  thus  far.

THE PROBLEM

To be effective .  speech communication mus t exhibit
both fluidity and spontaneity. It  is  precise ly this  "con-
versational" quality of speech that is  missing in exist-
ing s peech synthes i s  sy s tems .  Exis ting sy s tems  are
typically different varia tions on text -to- speech synthe-
s izers , and  this  appro ach c an of fer fl uidit y whi le  i t
severely limits  the  spontaneity available  to the user.
Spee ch r equi res  both vol it io nal and  re fined mov e-
ments  and symbolic  thought.  Symbolic thought deter-
mines  message content, and the  nervous  sys tem then
controls  t he  mu sc les  i n the  v oc al sy s te m to  cr ea te
speech.  Certa in medical conditions limit the abili ty to
control the vocal sys tem even tho ugh symbolic
thought remains .  People  who exhibit  these  problems
are  unab le  to p arti c ip ate  in c onv ersa tional spee ch.
Since everyday functioning normally depends  on the
ability to speak, these  individuals can be severely hin-
dered and  frus tra t ed.  Therefore , the  overall  goal of
this project is to provide a  synthetic  speaking device
that can be controlled by these users  to produce con -
versational speech.
The target population includes individuals  who re ta in
the  t hought p roce sses  nec essary fo r co nver sati onal
speech but who lack the  control of the  vocal sys tem
necessary to produce this  conversational, inte lligible
speech.  Preliminary research has  focused on the  par-
ticular target population cons is ting of children with
cerebral palsy and severe  speech impairments .  This
may be a limited potential user group, but the  prelim-
ina ry  wo rk  co mp let ed  thus  f ar ca n b e app li ed to  a
much larger target population.
To be completely success ful, a speech pros thes is
mus t be fast, efficient, and inte lligible.  That is, it  must
be conversational. Being conversational implies a
device  capable  of producing high quality speech based
on real -t ime i np u t s  f ro m t he user. Unfortunately,
mos t s tate  -of- the -art  interfacing techniques  are  too
limited for a  user to operate  at conversational ra tes .
An example is a  picture  board that rela tes  pictures  to
utterances . Pic t ure  boa rds  req uir e  vi sua l sc anning
and linking pic tures , and this  can be a  s low process .
Also, mos t current speech synthes izers exhibit  high -
quality performance only if the  speech to be synthe-
sized is k no w n i n advance. For example , text -to-
speech synthes izers  take pre- s tored text, process  it
and synthesize  it .  No prior knowledge of the  current
sp ee c h wil l  b e available  for this  real -t ime device.

Therefore, for this  new device  to work, new interfacing
and synt hes i zing tec hniq ues mu s t  b e found, and
thes e  te chni qu es  mus t be  i mp le me nt ed  i n wa ys  t o
allow different users  to create conversational speech.
There  are  three  fundamental ques tions  of project fea-
sibility:
(1) Is it  possible to build a speech synthesizer to

generate conversational speech based on limited
real -time inputs from a  user?

(2) Is  i t possible to build an interface that will  permit
the capture of the  necessary real -t ime inputs?

(3) Is it poss ible for individuals in the target
population (or any individuals, for that matter) to
provide the controls  necessary to drive such a
speech synthes izer?

Affirmative answers for all three ques tions are
required for the  premise of this  work to be  supported.

This paper presents the concept of the CANDY project
and offers preliminary results  of research addressing
the firs t two of these  fundamental ques tions .  First , a
brie f re view of the phys ical processes  involved in
speech production is  offered to es tablish a bas is  for
this work. This section is followed by a description of
the articula tor -based synthes is  technique used in the
CANDY project. Next, the interface is described.
Finally, we offer a  few words  about the  future  of the
project.

PHYSICAL SPEECH PRODUCTION

The  phys i cal  proc ess  of  sp eec h p ro duc tio n c an be
divided into three  sequential stages . First, air is forced
through the  vocal cords  to produce e ither a  voiced or
unvoiced glottal excitation. Next, the a ir flow is  modi-
fied by a series  of intricate  structures that can be col-
lectively called the vocal tract resulting in articula tion.
Finally, the  modified flow is radiated through the  lips
and nostrils  (1].
The initial  excitation is  accomplished by expelling a ir
from the lungs  between the vocal cords.  To produce a
voiced sound, the  cords  oscillate  with a specified fre-
quency. Changi ng t hi s  fr eq ue nc y wi ll result in a
higher or lower pitch for a  sound [2] .  For unvoiced
excita tion, the vocal cords  are  held apart to allow the
air from the lungs to flow continually between them.
Unvoiced excitation can be thought of as a white  noise
source .
After the flow of a ir passes  through the vocal cords ,
the  specific  properties of the different sounds  must be
generated. The se  prop ert ie s  a re  prod uce d throu gh
changes in the  a ir flow in the  vocal tract.

The vocal tract changes  s ize  and shape to re inforce
certa in frequ encies  and a ttenuate  othe rs  by moving
the articula tors  of speech: the  tongue, jaw, l ips, and
velum. Specific positions  for these articula tors corre-
spond to different spectra l characteris tics , and there-
fore  to different sounds [2).
To change a  sound, the  articula tors  are  moved from
one p os it ion to a nother i n continu ous  moti ons  that
give speech i ts  continuous , conversatio nal quality,

320 RE SNA 14 th ANNUAL  CONF ERENCE • KANSAS CI TY, M O.  1 99 1



The CANDY Project

The tongue is  the most Important articulator. The jaw,
lips , and velum play a  less  important role  in shaping
the speech spectrum 121,
The ar ti cu la to rs  i n the hu ma n vo ca l tr ac t exhi bi t
many degrees of freedom, and the coordinated motion
of these  articula tors  prod uces  fluid, conversational
speech.  Human speech is  produced as  the  compos i-
tio n o f conti nuo us  so und s .  The cha rac te r o f the se
sounds  a t  each ins tant in t ime is  determine d by the
ins tantaneous  configuration of the  articula tors  in the
vocal tract.  The fact that articula tor motion is  con-
certed is  fortunate  because in effectively reduces the
number of parameters specifying the state  of the vocal
tract, providing hope that a  control s ignal with limited
degrees of freedom can be used to drive  a  continuous
speech synthes izer.
Conversational speech can be inhibited by the trans-
fer of symb ols  across  the  user interface .  While  the
mental  p rod uct io n o f s pe ech ma y be pri nc ipa lly  a
symbolic process, the generation of speech sounds  in
the  hu ma n v oc al tra ct  is  p hys ic al and  c ont inuou s .
Our hypothesis is  that if speaking persons  can control
their complex vocal tract at  conversational rates , then
many non - speaking individuals should be able to con-
trol a  s implified s imulated vocal tract to synthes ize
speec h a t  convers atio nal ra tes .  We  exp ect that  the
users  may require  much time to learn to control this
unique speech prosthes is , as  the  learning process can
bes t be  compared to the  s teps  required for children
initially learning to speak.

ARTICULATOR -BASED SYNTHESIS

The pr imary object ive  of  the  C ANDY p roject  is  to
develop an a lternative  to the  conventional symbol -
based speech synthes is approach. This approach
moves entirely away from linguistic symbols at all  lev-
els and ins tead offe rs  the us e r  a synthetic  vocal
"Ins trument. " analogous  to a mus ical ins trument.  The
user  inter face  ac cep ts  moti ons  tha t l oos ely cor re-
spond to the motions of vocal tract articulators.
The CANDY prototype speech synthesizer uses  a  par-
alle l  formant synthes izer based on a  modified Klatt
Formant Synthesizer 141. This synthesis approach is
used in several high - quality systems such as the
Mrralk and DECtalk Speech Synthesis Systems [41151.
This  approach a llows  control of the  source and vocal
tract characteristics  that are  centra l to the  implemen-
tation of the  articulator -based system.

Formant synthesis  offers several advantages for this
project. Frequency, bandwidth, and amplitude
parameters  are used to derive a set of coefficients for
each formant. For a  given utterance, se ts of these for-
mant -based coefficients can be used to synthesize the
speech 111. Slight changes in the parametric formant
data will alter certain prosodic components of speech
16]. Other prosodic components can be modified by
changing the excitation. Formant synthesizers use
data that can be processed before synthesis to permit
their use in an input scheme based on the articulators
of speech.
A severe constraint is imposed upon the synthesizer
by the limited number of driving inputs that can be
expected from the human user. Normal speech pro-
duction within the human vocal tract involves the
coordinated motion of several articulators exhibiting
many degrees of freedom. It is very unlikely that any
individual will be capable of replicating the full rich-
ness of this complex motion through tightly coordi-

nated motions of various extremities. Therefore, some
mapping must be established between that motions
that can be produced by a user and the controls for
the simulated vocal tract.
The initial prototype synthesizer focused only upon
the motions of the tongue reduced to two degrees of
freedom. Since the tongue acts as a continuous mod-
ifier of speech sounds, its motion can be modeled as a
set of analog signals. These signals represent the con-
trol of specific muscles in the vocal tract that move the
tongue to its proper configuration for a specified
sound. The number of signals must be small. but one
signal alone is not enough to model the complexities
of the tongue. Physically, the tongue can be simplified
to a movement of its tip and base, where the tip is the
most mobile of any of the articulators 121. The tip and
base can be mapped onto an orthogonal two- dimen-
sional space where motion along one axis represents
the tip, and motion along the other axis represents the
base. In this way, the  tongue tip and base  can move
independently by holding one dimens ion cons tant, or
together by varying the position along both axes . One
such mapping grid is  il lus tra ted in Figure  1.

Movement of the tongue in the  vocal tract a lters  the
shape of the  tract, and this alteration changes the for -
mant d ata  for the  t rac t.  Si nce  a l l  ess ent ia l s pee ch
so unds correspond to particular pos itions o f  t he
tongue, these  sounds  correspond to certa in formant
parameters . Therefore, tongue pos itions can be
map pe d to  c or re spo nd ing fo rmant p aramet er s  that
can be used to synthesize  the  speech sounds . Overall,
the sys t em b eco mes  an a rti cula tor -ba sed formant
speech synthes izer driven by voicing excita tion and
tongue pos ition inputs .
It  is  impo rtant to recognize  that  the  sounds  pl aced
upon the  mapping grid of Figure  1 are  not symbols .
They  are  s i mpl y so und s  t hat occ ur when the  s i mu-
lated vocal tract is in the  configuration corresponding
to t he  p os it ion on t he  grid .  Wo rds  and phra ses  are
cons tructed with motions across this  grid surface  jus t
as  spe ech is  prod uced with motions  of a rticul a tors
through the vocal tract volume.

THE USER-TAILORED INTERFACE

Our c urrent app roach for captu ring and p roces s ing
user motions involves three - dimensional tracking

Up

Specific sounds %,
reside  at each

point on the  grid

Tip
Pos ition

Down

Back Base Position Forward

Figure 1: A 2- Dimensional Tongue Position Grid
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coupled with the  creation of cus tom projections to the
two - dimens ional tongue grid for each user.  The mos t
obvious advantage of this  approach is that we can tai-
lor  the  i nt erf ace  to  e ach indiv id ual 's  bes t range of
phys ical motion. Anot her advantage is that no
s trength is  required to mo ve a  phys ical device  as  is
needed in current interfaces .  For the  CP community,
anot he r advantage is that less coordination is
required with our interface, with a phys ical interface ,
the  user much firs t  contact the  device , and then move
it in some way.  The final advantage is  that a  software
int erf ace  ba sed  on mo tio n tra cki ng can be  ad apt ed
over time to account for improvement and /or fa tigue.

Exi s t ing wo rk  o n ma pp ing ges tu re  i nt o co nt inuo us
control signals  is application dependent.  For example ,
deta il ed tra cking is  pe rforme d in three  dimens ional
drawing or sculpting applications [7], and virtual real-
ity systems [8] , where  various three  - dimensional sig-
nals  [9]  are mapped into motions  in synthetic  worlds
shown on traditional or head- mounted displays .
These sys tems  perform ma ppings  from pos iti on and
orienta tion information, but the mappings are  s ignifi-
ca nt ly  le ss  c o mp li ca t ed  t ha n t ho se  ne ed ed  fo r the
CANDY project.
Ou r e xp er i me nta l s e t up  us e s  one  o r t wo  ma gne ti c
trac kers  a tt ached t o the  s ubje ct a t  lo cat ions  det er-
mined by a  therapist .  If only one tracker is  used, the
mapping problem redu ces  to map ping a  s ix- dimeri-
sional s ignal (x, y, z, azimuth, e levation, roll) into a
two - dimensional s ignal.  There  are  two possible ways
that two trackers  can be used.  In the firs t  case , they
bo th ge ne rat e  i nd e pe nd e nt  d a ta , and  t he  p ro b l e m
beco mes  a  ma pping from t welv e di mens ions  to two
dimens ions .  A second use  of dual trackers  is  to use
one as  a  ba se  for t he  othe r.  F or example ,  if  we are
measuring head mo tion re la tive  to the  neck, and the
subject tends  to rock or raise  his  torso, we may attach
the second tracker to the  neck and use it as a  base to
compute  the rela tive  motion of the  firs t  tracker
The s i gna ls  f rom t he tr ac k er s  ar e  s ent  v ia  a  hi gh-
sp ee d se ri a l  c onne ct io n t o the  ma pp ing co mp ut er .
Mapping visualization information a nd interactive
controls  are  provided for the therapis t performing the
ta i lo ri ng.  The conti nu ou s  s i gnal s  p ro du ce d by  t he
map pi ng are  t he n a pp lie d to dr ive  t he  sy nthes ize r.
Because the speech synthes izer is a complicated
inte rfac e  t o ma s ter , we are  cu rre ntly  us i ng s imp ler
one and two dimensional graphical applications  with
our disabled users .

Mapping cons ists of two basic phases . The collection
phase det ermines the comfortable a nd preferred
motions for the user. The control phase  performs real -
t i me map p ing o f  u s er  mo t io n b a se d  o n a  ma p pi ng
functi on cre at ed fro m t he  da ta  obt a ined  du ring t he
collection phase . The mappings  we create  are  biome -
chanically comfortable for each user and eas ily
learned through practice .  As the  candidate  mapping is
being used, users  notice  the  results  of their motions
and experiment to discover the  nature of the mapping,
ra ther than having it  taught to them by the  therapis t .

PROJECT STATUS

A prototype synthes izer has  been cons tructed based
upon the  general grid structure  illus trated in Figure  1.
Work is  cu rre nt ly progres s ing in two d ir ect io ns  to
Improve this  synthes izer.  One effort is  a ttempting to
determine the  optimu m placement of sound s  on this
grid subject to both physical and linguistic objectives.

A second effort is exploring the  flexibili ty that can be
ga ined  thro ugh the  i ntrod uc tio n of  a  dy na mic al ly
changing grid.  Such a grid produces  sounds  depend-
ing upon both the location and the his tory of motion.

A prototype interface mapping sys tem has  been devel-
oped and it  i s  curr ently being i mprove d to e nhance
the flexibili ty of tailoring available.  Experimentation
wit h v irt ual  re ali ty may  pe rmi t t he  the rap is t  to  be
immersed into the control space of the user to support
visual manipulation of the space.  Limited subject tri-
als have progressed to the s tage where  initial data col-
lection has s tarted.
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FROM VOICE TO SIGN LANGUAGE: A TRANSLATION TOOL FOR THE WO RK PL AC E

Richard D. Amori, Phyllis A. Williams, and Susan Rohde
Computer Science Department

East Stroudsburg University
East Stroudsburg, PA

Abstract
To aid communication between hearing -able
supervisors and their hearing - impaired employ-
ees, a prototype system has been developed
which accepts spoken Engish and converts it into
a video display of the language most readily
understood by many of the hearing - impaired:
ASL (American Sign Language). The system is
compact, efficient, and constructed with low -
cost, off -the -shelf hardware components. It
demonstrates that a communication aid can be
created for a vocational setting, using an
approach which has potential for other areas of
hearing- able /hearing - impaired communication.

Keywords: American Sign Language, natural
language processing, spoken English, artificial
intelligence

Introduction

American Sign Language is used by between 250,000
and 500,000 hearing - impaired people in the U.S. and
Canada (4). It is a language which differs from
English not only in its mode of expression but in its
structure as well. With its different set of grammati-
cal rules, ASL requires as much effort to learn as any
other foreign language such as French or Chinese.
Likewise, for many hearing - impaired individuals,
written English is a foreign language requiring consid-
erable effort to understand. Consequently, commun-
ication between the hearing - impaired and the
hearing -able is often-difficult.

Research Question

Could an automated system be constructed which
would allow English speakers to communicate with
the hearing - impaired in the workplace? Recent
advances in computer hardware and software (voice
recognition systems, videodisc systems, and natural
language processors) suggest that such a tool might
be constructed, and that it would be affordable.
Even a tool for one -way communication would be an
improvement.

We have designed and built a prototype of such a sys-
tem for a real -world vocational domain, that of a
metal - working shop. The system, Computer -Aided
Sign Language (CASL), is designed to:

- accept English input through a microphone
(a work - related sentence or phrase)

- translate the input into ASL-like text using
a set of ASL grammar rules

- access the appropriate signs from video
sequences of human signing stored on a
random - access videodisc

- display the signs on a television screen.

Background

21.1

Our artificial intelligence laboratory has had a long-
standing interest in computer understanding of natural
language. Several research projects have been suc-
cessfully carried out:

- a tool for building English - language interfaces (1)
- an English language understanding system for

controlling robots (2)
- a system for interpreting complex spatial

commands.
The potential offered by such language understanding
systems for serving the physically disabled was
described at an earlier RESNA conference (3).

Linguists have studied the structure of American Sign
Language in depth in recent years (4, 5). But
automating the translation of English into ASL has
received very little attention. Some elementary work
in sign language animation has been done (6),
without addressing the grammatical differences
between the two languages, the pervasive problem of
ambiguity in English words, and the need for
custom - designed vocabularies. As far as we know,
CASL is the only attempt at constructing an integrated
voice -to -video system which accepts job - related
English and produces sign language in which the
ambiguities have been resolved and the structure
reflects the grammar not of English but of ASL.

Methods
The prototype system was designed for the metal-
working shop at the Tobyhanna Army Depot in
Tobyhanna, PA. Language data was collected by
interviewing the hearing -able supervisors and
hearing- impaired employees in the shop and audiotap-
ing task- oriented language for linguistic analysis.

From the language data, a vocabulary of about 800
phonetic "words" was defined for the voice recogni-
tion system, with homonyms such as "for"/ "four"
listed as single entries, and inflected forms such as
"gave " / "given" listed separately.
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Trans la tions  a t the sentence level were arrived at
through consultation with professional ASL inter-
preters, textbooks on ASL (4, 5), and a sign
language ins tructor. Translation rules, incorporating
syntactic and semantic  features of b oth languages,
were  then implemented in software. Special attention
was given to providing accurate translations of
homonyms, using contextual clues to clarify the
intended meaning. In a voice input system, the  prob-
lem of ambiguity is aggravated by the lack of spelling
clues. Examples of CASL translations are provided
below.

A sign vocabulary of about 450 signs was defined and
videotaped, with one of the  hearing - impaired employ-
ees  from the shop serving as  actor. The videotape
was  then loaded onto a  videodisc  to a llow random
access to each sign.

Software interfaces for the input and output devices
(voice recognizer and videodisc player) were written,
and the sys tem was  integrated. The hardware com-
ponents of CASL are shown in Figure 1.

Fig. 1

Results

The following annotated transcript of a CASL session
illustrates some of its translation features. The
English input appears  in quotes; the sign transla tion is
represented by words in upper case.

"Countersink the screws a half inch." - ->
CO UNT E R S I NK S C R E W  HAL F
(Articles and the plural ending have been
dropped, along with the word "inch ", which in this
context is superfluous.)

"Did you get the work- order ?" - ->
YOU GET  F INIS H WORK -ORDER QUES  -MARK
(Past -tense inflection "FINISH" follows verb.
Question is indicated by sign for question mark.)

"Where's the other five ?" - ->
W HE R E O T H E R F I VE  W H E R E
(Ungrammatical English is accepted. Interroga-
tive sign "WHERE ", repeated for emphasis,
makes question mark superfluous.)

"Doesn't this fit ?" - ->
T HIS  NOT  F I T  QUE S  -MAR K
(Word order of negative question is rearranged.)

"We worked yesterday." - ->
YE S T E R DAY W E  W O R K
(Time express ion 'yesterday" is trans la ted firs t.
Since time context is then established, past =tense
verb inflection is not needed.)

"We're leaving on Monday." - ->
MO NDAY F UT UR E  W E  L E AVE
(T ime phrase "on Monday" is  trans la ted first .
Word order of phrase  is reversed, and translation
of "on" is based on verb tense.)

"We left on Monday." - ->
MO NDAY P AS T  W E  L E AVE
(Different verb tense results  in different transla-
tion of "on ".)

"We left." - ->
WE  L E AVE F I NI S H
(Past -tense verb inflection is needed in absense of
time expression.)

"The hammer is on the table -saw." - ->
HAM ME R ON T ABLE -S AW
(Translation of "on" is based on spatial meaning.
Since sense is spatial, not temporal, phrase  can
be left at end.)

"Rite this on the rite side rite now." - ->
NO W  W R I T E  T HI S  O N R I G HT H AND S I DE
(Ambiguity is resolved by using contextual clues.)

The sys tem is  a  working prototype which was well
received when it  was  demons tra ted to the hearing -
impaired employees and their supervisors at the
metal - working shop. It now needs an extended
period of on -site testing and evaluation.

Implementation Data

CASL is written in Pascal and consists of about 4,000
lines of code. About 5 person - months were required
to design and code the prototype system.

CASL runs  on an IBM - compatible  PC (2$6 chip)
under DOS. Voice recognition is handled by

3 2 4 R E S N A  1 4 t h  A N N U A L  C O N F E R E N C E • K A N S A S C I T Y ,  MO .  1 9 9 1



FROM VOICE TO SIGN LANGUAGE

Dragon's "DragonWriter" DW -1000. The sign
language images are stored on a Technidise videodisc,
accessed by Pioneer's "LaserVision Player" LD-
V8000, and displayed on an NTSC - compatible TV
monitor. The total hardware cost was approximately
$11,500, a figure  which will  undoubtedly decline  in
the future.

The response time to trans late a sentence from
English text to ASL -like text is instantaneous.
Another second or less is required to extract each sign
from the videodisc for display on the TV monitor.

Discussion

The work - related English which the system accepts is
broad and rich - a large and often ambiguous  voca-
bulary and a variety of expressive modes (commands,
questions, declaratives, and sentence fragments).
Yet the  software  is compact and effic ient, and the
hardware components are widely available and
affordable.

This proof -of- concept prototype demonstrates  that a
practical system can be developed for translating spo-
ken English into ASL in a well- defined domain. Such
a system has great potential not only in vocational set-
tings but in educational settings as well - for example,
as a tool for tutoring hearing - impaired students and as
a tool for teaching ASL to the hearing -able.
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A MODULAR SOFTWARE SYSTEM FOR CONTROLLING AN OPTACON- COMPUTER INTERFACE
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ABSTRACT

We have developed an interface f o r a tac t i le
vision - substitution system to address  basic and
appl ied issues in tactile stimulus info rmation
processing. The sys tem is comprised of an
OPTACON (OPtical- to- TActile CONverter, a
read ing aid  f or the  b l ind ) inte rfaced  to an IBM
mic rocompute r running custom so ftware . The
OPTACON presents tac t ile  s t imuli  to  the  d istal
pad  o f  the  le f t  index f inge r via a 6x24  tac tual
matrix (1 ). The unique feature  o f  the  system is
a modular so ftware interface, des igned  to be
highly f lexib le and  easy to use, thus  faci li tat ing
development of software for research. Examples
o f  the dif fe rent disp lay modes  the  so f tware is
ab le to generate are given. Limitations of
st imulus presentat ion are discussed, as are
appl icat ions of the software in add ition to
research.

BACKGROUND

Since  subs titut ion o f the  tact ile  sense for o the r,
impaired modal i ties  is  an inc reasingly common
form of  information encod ing, it  is  important that
devices presenting info rmation tac tually be
maximal ly congruous with the processing
capabi lit ies  of  the tact ile  modal ity (2 ). Because
of its speed and data - processing capabili ty, the
compute r is  a valuab le  aid  to  this  research in
sensory subs titution.

STATEMENT OF THE PROBLEM & RATIONALE

The major obstacle encountered in interfac ing an
OPTACON with a compute r is  the  deve lopment
of a f lexible  'shell' f rom which software packages
are construc ted. Existing software interfaces
were found to be too rigidly struc tured and
application- specif ic. Since we needed to deliver
stimuli in a number o f qualitatively dif fe rent ways,
we found that we  could  not use existing sof tware
interfaces. While the OPTACON- computer
interface sys tem developed by (3) utilized a
Mic ronEye  camera to  d ig i t ize images f or late r
presentation, we wished to avoid the expense of
any additional hardware . Stimulus  patterns were
generated in the software, precluding any
additional expense, and also simpli fying the
(oft- repeated) task of manipulating tactile
spatio - temporal stimulus patterns delivered to
the  tacti le array of the  OPTACON.

DESIGN

The sys tem consists of an IBM PC XT
mic rocompute r l inked  to  an OPTACON via an
interface circuit board installed in one  o f  the
computer' s 8 -bit  expansion slo ts (see  3, f o r a
more thorough desc ription). Also inc luded in the
system are an OPTACON Visual Display unit and
a user control  unit housing  f ive  pushbuttons. All
so ftware  packages were  p rog rammed in the C
language and inco rporated the bas ic OPTACON
driver shel l, which was wri tten in 8088 assembly
language for maximum speed of  execution. This
software shell hand les inte rrupts from the
OPTACON to ensure p roper timing, and dumps
data to the OPTACON using the required
interlaced  disp lay mode.

DEVELOPMENT

The system described above was used to create
software for a number of sensory- perceptual
experiments. These programs were wri tten and
comp iled using Borland 's Turbo  C 2,0, which
allows f or inline assembly language  embedded
in the  C code (necessary to  access the  drive r
shell). Stimulus  data were s tored as  a matrix of
bits, which provided a convenient visual
metaphor for the OPTACON display matrix.
While representing  the data this way takes  more
space in the source code, it also facilitates
changes to any matrix. For easy manipulation of
data within the programs, the bit matrix was
handled  as an array o f (8  -bit) bytes. A critical
stimulat ion dimens ion was to  ensure  that the
tactile matrix o f the  OPTACON could be used in
either static or dynamic modes of stimulus
presentation. The first method involves
presenting symbols or patterns on the
OPTACON's tact ile  matrix without modif ication
for a certain length of  t ime. For examp le, p ilot
studies inves tigating temporal integration and
spatial resolution of the f ingertip were carried out
by p resenting dif fe rent sizes of  gaps  between
pairs  of stimulus  'bars'. The second method of
presentation is dynamic disp lay, in which
charac te rs  o r patterns  are sc ro lled  at di f f erent
rates across the display matrix in so- called
'Times Square'  mode. (No te  that i f  le tte rs  are
scrolled right -to -left across the fingertip, the
software can mimic  tac t ile reading using the
OPTACON.) Several studies examining
dif ferences in symbol discrimination as a function
of presentat ion rate have been carried out using
such d ive rse s t imul i as  ho rizontal and  ve rt ical
bars, and 'nonsense ' symbols.
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EVALUATION

While  the software interf ace allows
for the presentation of a wide variety of stimuli in
a number of  dif ferent ways, there still exist limits
on what information can be tactually delive red to
the f ingertip. The 0PTAGON's vibrotacti le matrix
is limited to  a minimum d isplay t ime of  about 4
ms (i.e ., the period of one cycle o f the device's
pins, which vibrate at 230 Hz). No pattern
presented  f o r less  than 4 ms  can be reliably
considered  to  have  p roduced an indentation on
the fingertip. Second, the area of the skin
covered by the matrix is small (1.1 x 2.7 cm). As
a result,  there  is  a limitation on what st imuli can
be p resented: if  a patte rn is p resented  at too
high a resolution, f ine  de tails  p roduced by the
OPTACON d isplay wil l be imperceptable. This
poor perception of  high spatial  f requencies  on
the f ingertip  is  due  to  a physio logical limitation.
Rapidly adap ting (RA) mechanorecep tors
(Me issner's aff erents ) and  Pacinian co rpuscles
(PCs) in the skin are strong ly exc ited by spatial
patterns presented on the OPTACON, due to its
(relatively high) frequency of  vibration. However,
RA and PC receptors have poor spatial
resolution compared to the slowly adapting (SA)
af fe rents (4), which are  not excited by the 230
Hz vib rat ions  produced  by the  OPTACON (5).
Thus, any patterns presented using the
OPTACON must be coarse enough to f all  into
the comparatively large receptive f ields of the RA
and PC mechanoreceptors.

DISCUSSION

In addition to  its primary use as a research tool,
the modular software interface

may

be employed
by OPTACON end - users. For example, a
self  - teaching software package could be
developed fo r novice OPTACON users. Such a
program would reduce the demands on
OPTACON tuto rs , and  may also  speed  up the
learning process. Also, a software package
could be developed that converts ASCII - format
text to tactually- readable OPTACON output,
allowing the  blind access to the massive amount
of information stored in computer databases. As
discussed above, the interface between the
OPTACON and  microcompute r is  an important
research tool. The modular nature of the
software interface facilitates the development of
so ftware  packages fo r experiments  in sensory
substitut ion. And, as more information on tactile
information processing is gathe red, we may
move closer to the goal of having
tactually- presented stimuli maximally compatible
with the processing capabilities of  the  tac t i le
modality.
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2 1 . 3
TOWARDS A METHOD FOR COMPUTER INTERFACE DES IGN

USING SPEECH RECOGNITION
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ABS T RACT

An experimental p ro jec t has  b egun in which the ap p ro ac h o f
abs tract ass es sment,  mo deling and prediction of us er - d evice
performance is b eing app lied to selectio n of computer interface
designs for disabled users  of c omputers. A novel asp ect o f the
project is the app lic ation of this technique to speech
rec ognit io n: the interface designs evaluated will co mb ine
sp eec h inp ut and  s tand ard  and  ad ap ted  inp ut d evic es .  T he
eventual objective of this  project is an exp erimentally valid ated
metho do lo gy to identify optimal interface des igns for
ind ivid uals  with neuro mo tor d is ab ilit ies , includ ing d ys arthria,
who are p erfo rming sp ecific co mputer -aided tasks.

BAC KG R O UND

Since speech recognition became a commercially feasible input
op tio n in the mid - 1980' s,  there has  b een interest  in utilizing
this techno lo gy in the service of p eo p le with dis ab ilit ies.
Speech recognition has b een shown to  be a practical comp uter
access mode fo r people with moto r limitation o r d isab ility that
sp ares  sp eec h,  and has  b een s uc ces sfully us ed in vo catio nal
settings  for ind ividuals with this typ e of dis ability (e.g., 3). The
technology itself  is sophisticated and powerful. I t is usable, via
app ro priate interface d es igns , by technically naive us ers,  and
enables them to perfo rm tas ks  ranging from medical repo rting
to operation of a robotic manipulator for enviro nmental control.

Unhap p ily many ind ividuals with dis ab ilities affec ting the
up per limbs  also  have s p eech impairment,  ranging fro m mild
dys arthria to  s peech whic h is not func tional in mo st co ntexts.
Dys artluia,  the general term fo r neuromo tor imp airment o f
sp eech,  varies with the etio lo gy o f the d is eas e p ro c es s or
injury,  th e lo c atio n  o f the le s io ns ,  and  the s ever ity o f the
c o nd it io n in terns  o f extent o f d amaged  t is s ue o r s tage o f
rec o very o r d egeneratio n.  Artic ulatio n is  a highly c o mp lex,
precisely orches trated motor activity. Slight deviatio ns in
position o f  th e artic ulators, or timing of the articulatory
mo vements,  as  a res ult  o f breakdo wn in neuro mo to r c ontrol,
may res ult  in the lis tener ' s b eing unable to  map the intended
mes sage onto the aco us tic  material. Variab ility o f art ic ulation
and  low s ignal-to-no is e rat io  may als o interfere with effec tive
mes sage transmiss io n.

It must b e noted  that co nvers atio nal p artners have a lo t mo re
than just the aco ustic signal to go on. They usually have s ome
knowledge about the speaker. Typically conversational partners
s hare the s ame c o nte xt,  inc lud ing s o me o r all o f lo c atio n,
situatio n and  top ic.  In ad d it io n,  the receiver brings  to  b ear a
body of soc ial kno wledge,  expectations and  pragmatics  which
supp ort his language processing. In contrast, the speech
reco gnitio n machine utilizes the speaker 's aco ustic p rod uction
and  its  o wn s et  o f ac o us tic  p ro c es s ing rules  to  at temp t to
identify whic h o f the p re- trained voc abulary items  is the best
match to the s peaker' s p resent utterance.

There have been repo rts  of trials  of automated recognit ion of
dys arthric s peech using one or two p art icipants (e.g.,  1), and
grouped data fro m a larger numb er of part icipants and co ntrol
part ic ip ants  who  were no t d ysarthric  (4).  Review o f thes e
studies s uggests that  sp eec h reco gnitio n p erformanc e rapidly
deteriorates for vocabulary sizes greater than approximately 30
words, despite the fact that the participants have typically been
individ uals  with mild  to  mo derate dysarthria. It  is  evident that
individuals who se d ys arthria is severe enough that  they may
derive benefit  from using augmentative c ommunic ation d evices
in so me c o ntexts  c anno t b e expec ted  to have muc h to  gain
fro m s p eec h reco gnit ion us ed  in this manner.  Acc o rd ingly,
some investigators (e.g.. 4) have recommended further software
and  hard ware develo p ment to  imp ro ve the perfo rmanc e o f
sp eech reco gnitio n mac hines  with peo p le whos e s peec h

is

dysarthric.

The studies referred to above of the utility of speech
recognition for people with dys arthria have had in common the
assumption that, in order to output a large vocabulary of words
or co mmands o r functions, the speaker must inp ut that
vocabulary. The p ro jec t  d es crib ed  here utilizes  a d ifferent
app ro ach to automatic rec ognit io n o f dys arthric  sp eech.  T he
long -term goal is the improvement of the individual' s ease and
efficacy of c o mp uter operation, in order to imp ro ve jo b
pro duc tivity. T he app roach ado pted in regard to speech is  to
treat the speech of the individ ual with dysarthria as an
additional domain of potential c ontrol signals, analogous to the
mo to r ac ts that s/he can prod uc e to co ntro l typical input
devices . Viewed fro m this  persp ective,  the repo rts  of reliable
recognitio n of 30 -word vocabularies may be interp reted  more
positively. If an arbitrarily selected  30 -item vocabulary can be
reliab ly rec ognized , presumab ly a c ustom input voc ab ulary,
selected  ac cording to  ho w its  artic ulato ry characteristics  suit
that individual's speech and according to recognition accuracy,
can be expec ted to result in imp roved performanc e. It may be
that, even for ind ividuals with severe dys arthria, a s mall s et of
utterances  can be s elec ted ,  b as ed  o n their art iculato ry and
ac ous tic , not semantic , p ro p erties,  which will elicit  reliable
reco gnit ion.

STATEMENT OF  THE P ROBLEM

Some individ uals with severe neuromotor disability affec ting
control of limbs may presently access computers using
standard and alternative interfaces, but performance is typically
dramatically imp aired relative to individuals  without d isability
who utilize stand ard interfac es . T o imp ro ve prod uctivity o f
computer users with neuromotor d isabilities, interface selection
and design must be based on three steps: objective assessment,
user mo deling from assessment results, and performance
pred iction from the us er mod el.
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AP PROACH

As  s uggested  abo ve, the ap proac h taken in this projec t is  to
treat s peech cap acity,  like the res t o f the ind ividual's  resid ual
mo to r ability, as  a p otential res ervo ir o f c o ntro l ac ts  whic h
may b e optimally mapp ed  to the c ontro l of a device, s uc h as
a computer, in order to produce desired outco mes. This
app roach is  an extens ion of the one taken in the d evelo pment
of the Tufts -MIT Prescription Guide (2 & 5). An analogy may
be d rawn to the treatment o f manual co ntrol o f d evices  b y
individuals with motor d is ab ility.  Rather than req uire typ ic al
nine - finger operation of standard keyboards, or perhaps
des igning " s mart"  keybo ards  whic h can sens e the intend ed
ringer movement by filtering o ut the invo luntary tremor and
ataxia, an alternative input d evic e may b e s elected.  Des pite
the evid ent ad vantages  o f typing, at  least  for p eo ple without
movement disabilities  who have acquired this skill, it may well
b e that  fo r a p art ic ular ind ivid ual,  us e o f a very d ifferent
interfac e (e.g.,  an expand ed  keybo ard,  even a single- switch
sc anning devic e) may turn o u t to  b e  mo re e ffec tiv e.  T he
ques tion is an emp iric al one, and is best dealt with by
identifying the ess ential co mpo nents of the op eratio n o f each
interface in q ues tio n, and c o nd ucting an as ses s ment o f the
individual's  performanc e as the values o f thos e parameters are
sampled through the range whic h can be encountered  in actual
devices.  In the case o f sp eech, rather than requiring that  the
ind ividual art ic ulate the words of the output message or
co mmand ,  in an ad equately reliab le manner to  ass ure high
recognition accuracy, the approach adopted in this project is to
determine how to utilize resid ual speech capacity, with a
speech reco gnizer, in comb ination with other inputs, to
imp ro ve the outp ut p erfo rmanc e o f the ind ivid ual as s/he
carries o ut the target tasks whic h are .part  of his/her job.
The init ial tas k o f the pro jec t,  c urrently in p ro gress ,  is  to
develop a heuris tic and an evaluation procedure for identifying
op timal sets of "s peech acts ". The go al is to sp ecify the
phonological characteristics of the most successful input
vocab ulary for a range o f s et sizes and accuracy levels
(frequency with which the machine recognizes c orrectly on the
fas t try)- While the o utc o me is expected to  differ ac ro s s
particip ants,  it is antic ip ated that particular s trategies will be
useful to classes of p articipants (e.g., for dysarthria with a low
signal -to -noise ratio, manipulation of suprasegmental features
suc h as duratio n,  pitc h and  volume may imp ro ve reco gnition
scores).

An ad dit io nal o b jec tive of the firs t  p has e o f the s tud y is  to
examine the relationship  b etween the s ize,  rec ognition s co re
and  phono logical c haracteristics  of selec ted  vo cab ulary sets;
and descriptors o f the type o f dys arthria, exp ressed as s cores
on standard ized clinic al dysarthria as sessments.

Later phases of this study will integrate the speech assessment
into  an as s ess ment o f the ind ivid ual's  who le reperto ire o f
potential control techniques. Data fro m this assess ment will be
analyzed to mo del the user's  performance in order to calculate
and comp are benchmark scores for competing interface
designs . S uch mo dels, which could take the form of lo ok -up
tables or of clo sed -form eq uatio ns,  s erve to  rep res ent the
relationship between the ind ivid ual' s  p erfo rmanc e and  the
crucial phys ical parameters o f interfaces. The model stands in
for the user as each potential interfac e d esign is evaluated  by
calc ulating the performanc e that  the interface will enab le the
user to achieve.

IMPLICATIONS

One o f the imp lic atio ns  of this ap p roac h is that  it  requires
analys is of the computing tasks the individ ual will be
perfo rming.  In stud ies  o f augmentative co mmunic atio n (5),  a
large, representative s ample o f messages p rod uced  by several
us ers  o f augmentative d evic es s erved as  a benc hmark tas k.
Predic tions of user- device performance in producing that
language s amp le were fo und to  b e highly correlated with
experienced users' actual communication performance.
Co mp uting tasks representative of those which disabled
co mp uter us ers  c an exp ec t to  p erfo rm as p art  o f their jo b
activity will need to  be identified.  Thes e will serve as  the basis
of performanc e pred ictio ns  for new interfac e designs,  which
will utilize s p eech and  o ther inp uts ,  to  b e d evelo p ed  in the
cours e of this  project.

DIS CUS SION

For ind ividuals who se upp er limb  c ontro l is  limited in range,
strength or accuracy, utilization of automatic speech
rec ognitio n o ffers  ad d itio nal co ntro l ac ts  amo ng whic h the

op eratio n o f a c omp uter app lic ation may b e s hared . One
antic ipated outcome of this will b e an imp rovement in rate of
performance of the individual's job tasks.  Equally, if not more
imp ortant,  is  ano ther antic ipated res ult, an interface whic h is
co mfo rtab le,  app ealing and  eas y to  us e,  and enhanc es  the
individual's feeling of control and expertise in the performance
of his/her job.
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A User's  Perspective on Blind Access to Graphical User  Int erfaces

Kelly Ford
Trace R &D Center

University of Wisconsin - Madison

Abstract
With computers such as the Apple Macintosh and
operating systems such as Microsoft Windows becoming
more and more commonplace in the microcomputer
world, it is apparent that the Graphical User Interface
(GUI) access approach to computing and the bit -
mapped screen will soon become standard. For this
reason, it is vital that strategies as well as actual
solutions to the problem of providing access for persons
who are blind to computers utilizing a GUI approach be
developed. This paper will examine Systems 3, one
such solution, from the perspective of a blind user. This
paper is intended to provide an overview of the
Systems 3 project as well as to stimulate further
discussions on the topic of providing access for persons
who are blind to GUIs.

Background
The Systems 3 project's primary goal is to develop an
access system to graphics -based computers for persons
who are blind —with current work being done using the
Apple Macintosh as the development platform. A
prototype of a multisensory, multiaccess system has
been developed and is being tested to determine future
work for the project.

Statement of the Problem
While it has long been possible for computer users who
are blind to access the textual information and
programs running on character -based computers such
as the IBM PC, the introduction of graphics -based
systems like the Apple Macintosh and Windows 3.0 has
allowed both the type of information displayed and the
programs run on computers to change dramatically.
This means that an effective access system for persons
who are blind must not only allow access to the new
type of information being produced by these computers,
but also to the GUI approach to computing in general.
Additionally, computer users who are blind must be
introduced to the GUI with an access system that
affords them the opportunity to take full advantage of
this type of interface. Computer independence, which
has been possible for years in the character -based
environment, must be maintained and expanded upon
with any access system developed for the GUI.

Approach

System Components and Operation
The current Systems 3 prototype consists of a modified
and extended version of outSPOKEN, a commercial
program that provides keyboard access to text, iconic
images dialog boxes and menu bars; a graphics tablet;
and a mouse -like puck with a vibrotactile array built
into it. A plastic overlay fitted to the graphics tablet
allows the puck to be moved with an absolute reference
relationship to the screen. As the puck is moved
around the tablet, a tactile image of the screen region

surrounding the mouse pointer is displayed on the
vibrotactile array for interpretation by the user. The
effect is that the user can feel the image on the screen
as they move the tactile mouse /puck around on the
tablet. In addition, several rows of dimples on the
tablet's edges provide quick access to standard
computer functions such as the Menu Bar. The system
uses Macintalk which provides speech synthesis
functions using the built -in sound capabilities of the
Macintosh.

How the System Works
Due to the multisensory, multiaccess nature of
Systems 3, several access techniques may be used to
explore application software and files. In general, the
puck, with its tactile array, is moved around the tablet
when a file is first opened. This provides immediate
feedback on the type of file and format of information
the file contains; e.g., a three - column word processing
file or a multi -column spreadsheet. As the user moves
the puck around the tablet, the mouse pointer moves
accordingly, and any text that is encountered will be
verbalized. Symbols or icons touched by the mouse
pointer will be announced as "Symbol" and "Icon,"
respectively. With a keyboard command, the user can
then attach a text definition to these items that will be
spoken any time the symbol or icon is encountered—
"Open Folder Selected," for example.

For reading of information that is not highly
formatted — columns with standard margins and no
graphical information —key combinations may be used
to read a character, word, line or screen at a time. A
keyboard command also allows scrolling to a precise
percentage up, down, right or left within a file. The
user may also manually scroll the file by using the puck
to locate and "drag" the "elevator" on the scroll bar in
the desired direction. Additional keyboard commands
allow the user to do a scrolling search for any on- screen
text, including previously defined iconic images;
determine the font, point size and characteristics of text,
attach a placemarker to a screen location; and locate
and go to the Insertion Bar, if one is present.

Manipulation of the Menu Bar may be done by either
pressing a key and then stepping through selections
with additional key presses, or by using two rows of
tablet dimples set aside for this purpose. If the
keyboard approach is taken, access to menu selections
can be made faster by typing letters from the alphabet
once the "Menu" key is pressed. If the user opts to use
the tablet dimples to make menu selections, the puck is
moved to a row of dimples where the Menu Bar is
accessible. "Clicking" in a dimple with a Menu Bar title
causes that menu's choices to be placed in another row
of dimples on the tablet. The user may then select from
these choices.
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For movement between windows, the user again has a
multitude of options. First, a keyboard command may
be used to enter a menu of all open windows from
which the user may then select. Second, the desired
window may be chosen from a list of open windows
always available in one row of dimples on the tablet
surface. Finally, the user may directly select any
window in the standard Macintosh fashion —by moving
to and "clicking" in the desired window. Window
resizing can be accomplished with either a keyboard
command or by manually dragging the resize box.

Why Tactile Feedback?
While accessing textual information is a fairly
straightforward process that can be accomplished with
auditory feedback exclusively, the Macintosh makes it
easy for all users to create documents that utilize
graphical information as well_ Bar charts, line drawings
and pictures are just some examples of this type of
information. The tactile feedback technique used in
Systems 3. makes it easy for the user to explore and
understand this information. If, for example, a bar
chart is to be examined, the user can quickly determine
the relative lengths of the bars in the chart with a few
sweeping motions of the puck. Then, a more detailed
examination can be performed by moving to the
endpoints of each bar individually. Any labels attached
to the bars will be automatically verbalized when they
are touched by the pointer. This same strategy can be
used to examine other types of graphical information
presented on the computer screen.

Implications
Recent trends in the microcomputer world make it
obvious that the GUI approach to computing will
eventually become standard. For this reason alone,
persons who are blind must have access to this type of
computing environment. The goal of the Systems 3
R &D project is to meet that challenge and provide
computer users who are blind the same level of
functionality as their sighted counterparts. If the
project is successful, a commercially available access
system will be available for the Apple Macintosh in the
short term, and a platform- independent access system
in the long term. Furthermore, the project team hopes
to create tools that may be used by other developers
wishing to entire the field.

Discussion
Impressions
A good computer access system should not only be
functional, but also easy to use. It should allow the
computer user to take full advantage of whatever
benefits the computer being accessed has to offer.
Application software should not be selected because it
"works" with the access system. Instead, the user should
be able to choose software based on its performance
capabilities —with access system compatibility not being
an issue. It is therefore important to examine Systems 3
based on its ability to allow the user to use the
Macintosh.

The Macintosh, with its GUT approach to computing,
requires far less knowledge to operate at the system
level than any character -based system. Dragging filcs to

new folders or clicking on a file to open it is much
easier to learn than the commands necessary to
accomplish these tasks in the DOS environment.
However, for the blind user familiar with a character -
based system's command line approach to task
completion, the Macintosh approach will most likely
seem slower at first. But, if a macro program is used to
automate routine functions such as opening an
application or making a menu selection, accomplishing
an equivalent task becomes faster on the Macintosh.

Within applications, there is no question that
Macintosh users have a number of tools at their
disposal. Standardization of software control functions
required by the operating environment is a major
benefit to computer users in general and more
specifically those who happen to be blind. For the user
who is blind, perhaps the most difficult challenge is
figuring out when,not how,to use each tool. Should
titles be in 10 or 12 point size? What character should
be used to mark items in a list? These are just two
examples of questions that must be resolved by the
computer user who is blind. They are, however,
questions which deal with presentation of information
based on visual appearance.

The combination of haptic, tactile and auditory
feedback used in Systems 3 is a major step in the
direction of allowing this type of information to be
understood by computer users who are blind. It is much
easier to understand what "bullets" are and how they
are used when you can feel a list that uses them, rather
than just having a speech synthesizer say "bullet."

For reading text, there is no doubt that auditory
feedback is the most effective access method. However,
there are benefits to having the ability for tactile
feedback as well. Fonts become more than just words.
In fact, Systems 3 can display individual characters on
the tactile array, permitting the distinctions between
fonts to be felt.

The multisensory, multiaccess nature of Systems 3
allows the computer user who is blind to take full
advantage of the Macintosh's GUI. For example, when
working with spreadsheets on a character -based system,
it is often necessary to count the characters to be placed
in each column in one's head and then adjust margins
accordingly. In contrast, the same task can be
performed on the Macintosh by simply moving to and
clicking in the appropriate cell with the tactile
mouse /puck. Text may then be entered and margins
adjusted based on how the page feels.

In addition to providing access to the same type of
information currently available in character -based
documents, Systems 3 allows access to documents and
information that can only be displayed effectively in a
graphical format. Maps, line art and floor plans are just
a few examples of the type of graphical information that
can be easily accessed. This simply isn't possible with a
speech synthesizer alone. Systems 3 also allows one to
do things like drawing, which also cannot be explored at
all with character -based computer access systems.
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In addition to allowing access to graphical information,
the capability of tactile feedback allows the GUI
Interface to be more easily understood by the computer
user who is blind. Scroll Bats, Windows and Pulldown
Menus become more than words when they can be felt
and manipulated. The often highly formatted and
confusing Dialog Boxes can be explored in detail.

Although Systems 3 is highly functional, it is not without
shortcomings. First, because the tactile array uses
vibrotactile technology, it tends to be noisier than is
desirable. Second, despite the fact that icons can be felt
and verbalized as "icon," it Is sometimes difficult to
know what the icon represents in order to assign it a
text definition. Finally, complex graphical and
photographic images are still nearly impossible to
Interpret.

Putu a Issues to be Addressed
Systems 3 is a project that is still in the development
phase. As such, significant issues remain to be solved.
Access to complex graphical information such as
computer animation must still be attained. In
additional, rapid and selective access to Dialog Boxes is
something that requires further study. The use of tones,
crosshairs and stereo sound imaging to assist in
navigation is just beginning to be explored. The use of
voice control to navigate will also be examined.
Nevertheless, the multisensory, multiaccess approach to
accessing GUIs appears headed in the right direction.
Just as the Apple Macintosh allows sighted users to
have easier access to the computer and do more with
the machine, Systems 3 allows the computer user who is
blind to have access to this new computing
environment.
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ABSTRACT

A preliminary study in the use of a portable electronic

device as a memory aid for persons with cognitive

disabilities has been completed. The research protocol

used for this investigation is described in an earlier paper

(1).

The development of prototype test units, which provide

spoken messages at pre- determined times throughout

the day, was an important component of this project.

This paper outlines the motivation for developing a

portable, interactive electronic memory aid as well as the

hardware design.

BACKGROUND

Various approaches have been developed to provide

individuals with cognitive disabilities with cues to assist

them in independently following a daily schedule. A

written schedule or log book where the day's events are

recorded is the most common example (2). An obvious
extension of this approach is to add a timed alarm (a

watch or timer) to serve as a reminder for the individual to

check his or her schedule or log book for specific

information (3). This process, however, depends upon

the performance of several cognitive activities including

attending to the beeping watch, remembering what the

beeping means and using that cue to initiate the proper

action. Unfortunately, there are many patients who are

not able to benefit from this type of assistance due to the

limitations in initiation, planning and memory skills.

Studies have confirmed the limitations of conventional

approaches (4).

A growing number of pocket -sized electronic devices

that act as appointment schedulers, calenders and

notepads are becoming available on the market. These

off -the -shelf electronic organizers, however, have

features which make them unsuitable for many patients.

First, devices with multiple modes of operation are often

confusing for these individuals. Second, some units

21.5

require the user to selectively view information that has

been stored. Those patients with cognitive disabilities

who lack initiation and planning skills will never actively

retrieve the messages stored in the device. Finally, cues

displayed in only a single format, namely as printed

messages, are not always the most effective. Some

patients process and respond better to auditory

information, in particular, spoken messages. J.E. Harris

outlines specifications for a portable memory aid that is a

dedicated, single function device which uses a

combination of visual feedback and recorded speech to

provide prompts at pre -set times (5). Although a working

device based upon these specifications was never

fabricated, the concepts emphasized in the description

are fundamental to the design of a practical memory aid.

DESIGN CRITERIA

After consultation with CRT (Cognitive Retraining

Therapy) clinical staff who are responsible for our head

injury program, we developed specifications for a

wearable electronic memory aid to assist their therapeutic

effort. There were half a dozen basic requirements for

the prototype device:

1. The unit should have a time activated transient visual

display that is easy to read.

2. The unit should have high quality speech output to

complement the written messages and audio tone

outputs to alert the user to attend to the messages.

3. The unit should provide an option for encoding the

recognizable speech of specific people (including the

device user, the user's family members, or clinicians) to

enhance the effectiveness of spoken messages. This

stored vocabulary should be large enough to allow a

variety of short messages to be composed from

prerecorded segments. The encoded speech must be

easy to edit, store, and reconfigure.

4. The unit should have a means by which the user can

respond to acknowledge device - generated messages.
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5. The unit should have a means for confirming the time

that scheduled activities have been completed. This

should be independent of other device functions so that

clinical effectiveness and possible placebo effects can

be evaluated.

6. The unit should be comfortably wearable. As a design

goal we desire a size comparable to commercial

"walkman "- style, personal, wearable audio entertainment

devices.

PROTOTYPE IMPLEMENTATION

Device functions were segmented onto three identically

sized, stackable custom printed circuit boards: a memory

board, an interface board, and a microprocessor board.

The memory board stores alpha- numeric character

strings that are used as messages for the device user. It

stores the digitized speech that corresponds to the

alpha - numeric messages, and it stores user response

time and task completion time data. It is populated with

address demultiplexing hardware and eight bank -

selected 32 kilobyte low -power static memory chips.

The interface board has audio amplifiers and a monolithic

'codec" to encode speech input from a microphone jack

into a serial digital bit stream. Under microprocessor

control, the codec can decode a digital representation of

speech back into speech waveforms. It can power a high

impedance earphone or binaural headset through an

onboard miniature impedance- matching transformer. To

reduce digftizatioi i noise at low -bit rates, the codec has

on -chip switched capacitor anti - aliasing filters. In addition

to audio 1 /0, the interface board provides circuitry to

buffer 4 switch inputs and to control a board- mounted 2-

line x 6- character alpha- numeric LCD display. In some

experimental paradigms, a user pushes one of the

switches to acknowledge device - generated messages,

while another can only be activated magnetically by a

teacher or therapist when the user arrives at his or her

destination.

68HC11's asynchronous serial port. This host is used to

download daily schedule information and speech

information to the portable reminder each morning and to

record the user's response times at the end of the day.

The electronics, including rechargeable batteries which

are to be charged each night and a display for the

portable reminder, fIt in a 3 inch x 2 inch x 6 inch plastic

case that is belt worn.

Recent advancements In integrated circuit technology

which would improve the performance of these test

devices are being incorporated into a second phase

design. Technology capable of enhancing digitization of

recorded speech as well as other relevant functions

performed by these test units will be discussed.
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Abstract

This paper presents an optimis tic outlook on the
possibility of developing of  p hone communication
aids based on an automatic  speech recognizer (ASR).
A new, more efficient set up for us ing a  Relay Service
Center (RSC) tha t was initia t ed by a  few hearing
impaired IBMers is described. Psychological and
socia l is sues  affecting use of an ASR or a  RSC and
their interrelations  arc  discussed.

1. Introduction

"fhe main objective of  the paper is to direct the
attention of people  working in the  hearing impaired
field to the possibilities of using current speech
recognition technology to design communication
aids. Some in this  r esearch community hav e been
rather skeptical about the  prospects ofusing an ASR
for this  purpose in the  bear future (sec for e .g.  [3] ,
pp.4 a nd 20 ) and  underes timate  t he  number o f the
hearing impaired who need qualified transcription
services. We present in thi s  paper some data and
observations  challenging this  notion and indicating
that an ASR could play a significant role as a
communication aid for the hearing impaired
community,

There are nearly 22 million hearing impaired persons
in the USA who have difficulty understanding
speech. The means  that the  hearing impaired would
chose to pe rform phone conv ersat ions  depends  on
the level of their hearing los s  and intelligibility of
their speech. The traditional point of view is  that the
only options for the profoundly hearing irtipaircd
(numbering about two million) are TDD (Telephone
Device  for Deaf) or Relay Service  Centers .  The res t
of the hearing impaired are  expected to use  hearing
aids  in order to perform phone conversations .

Phone communication for the  hearing impaired is  a
very natural application for an automatic speech
recognizer (ASR). ASR can be used  to decode the
sentences spoken by a use r (ove r t he  pho ne) and
print decoded sentences  for viewing by a  second user.
We recall briefly some successful experiments
reported in [ I, 2] on the application of  a n ASR
(named "'I'angora" ) that was developed by the
speech reco gni tio n grou p a t t he  IBM T.J .  Watson
Research Center (TJWRC). We describe the
technical and psychological is sues that arose in these

21 . 6

experiments. There  are  a lot of s imilarit ies  between
performing phone conversations  with the  help of an
ASR and a re lay service  operator. The comparison
of the se  two different schemes  is  useful and gives
hints  on how to organize  future  phone services  that
could be based on the  u s e of bot h a uto mat ic  and
human interpreters . This  topic is covered in the final
part of our paper.

2. Studies with a Speech Reeognizer

Tangora is an isolated word, speaker dependent
automatic  speech recognition sys tem operating on a
vocabulary of 20,000 words. Though the sys tem
performs best with a close- talking microphone
(giving an average accuracy of 95% for sentences
drawn from the 20,000 word vocabulary), i t  can be
used to recognize  speech over a  telephone line , with
some deterioration in accuracy resulting from
reduced bandwidth and line  noise . In order to s tudy
the usefulness  of the  recognition sys tem under such
conditions  we performed telephone experiments  with
12 hearing and profoundly hearing impaired subjects
who used the AS R to  he lp  t he m co mmu ni ca te  b y
te lephone with hearing individuals. If  t he hearing
impaired had intelligible speech they responded over
the  te lephone by voice; otherwise  they typed their
responses , which was  disp layed on the  terminal of
the hearing individual. Hearing individuals and
hearing impaired users who participated in the
experiments were sometimes located at various
remote  c ities  as  Chicago, Fishkill , Princeton e tc.  In
all these  experiments the  Ta ngo ra was located at
TJWRC. Decoding accuracy in these experiments
varied between 75% and 98% for different speakers .
It became quite clear from these experiments that the
hearing impaired are able to achieve very good
comprehens ion when the  topic  of conversation was
more or less  clear. hearing individuals  reported the

impress ion of an "almos t norma l ' phone
conversation.

3. A few observations front the telephone experiments

This section summarizes  some useful observations
resulting from experiments  described in the  previous
section
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A ) The hearing impaired and profoundly hearing
impaire d found  phone convers ations  useful even in
the case of comparatively low decoding accuracy (on
the level of 80 %).  In mos t case s  they were  able  to
rec ons truct  t he  me ani ng of  s pok en se nt enc es  from
the incorrect ASR output using the  context, acous tic
similarit ies or us ing knowledge of typical errors made
by the  ASR (se e  [2]  for  a  mo re d eta il ed a nalys is ).
The ir skill and speed in unders tanding inaccurate
A S R out put significantly improved with practice.
At  t he  end ofprolonged usage the  hearing impaired
users  reported that they read inaccurate  ASR output
as  'eas ily'  as correct text.

13) Two hearing impaired who normally use  hearing
devices to speak over the phone still found the
Tangora  helpful as  a  phone a id.  These users  reported
that when carrying out phone conversations  with the
help of hearing a ids  a lone they often concentra te  so
mu c h t o u nde r s t a nd  t he  wo rds  t ha t  t hey  were  no t
able  to keep track of the sentence. This problem was
immediate ly resolved when they s tarted to use the
Tangora  s ince decoded sentences  were displayed on
a terminal and users could verify was what sa id.

C) hea ring i mpaire d indi vidual s  indi cated that  the
majority of  t he time they need  to pe rform phone
conversations with their family members or close
friends  r a ther than with s trangers .  Family  members
and close friends usually expressed readiness to
spend  some ti me t o tr a in the  Tangora . This  shows
that perhaps  the  suitabili ty of a  speaker d ependent
ASR t o hel p in phone  c onver sa tio ns  was  no t ful ly
appreciated by experts in the  hearing impaired fie ld.

4. The relay service set up

The hearing impaired can a t tempt to communica te
over the  telephone using a  Relay Service . Generally
these  conversations  are performed as  follows . The
hearing impaired person calls  a  relay service operator
and  c ommunic at es  wi th him /her via  a  mo dem line
us ing a  TDD device .  In this  se tup, both the  hearing
impaired and a  re lay service  operator communicate
by typing their messages . The re lay service  operator
calls a hearing person with whom this hearing

impaired person wants to speak. In this
conversation the hearing impaired types out
messages to the relay service operator, the relay
service operator repeats these messages to the
heari ng pe rson by v oice ,  who,  in t urn, answers  by
voice  to the  re lay service  operator. These answers
are  typed back to the  hearing impaired.

Sonic  of the re lay service centers have a Voice Carry
Over (VCO) provis ion that provides  an opportunity
for  the  hear ing impai red  to  us e  t hei r o wn voi ce  in
phone conversations . Even with this option, the

services  are  s low and ineffic ient and many hearing
impaired people are re luctant to use  them. However,
the following scheme may be more attractive for
hearing impaired users . First , the  hearing impaired
person establishes a l ink with a relay service operator
in a  such way that he /she can read what the  operator
types  to him /licr and communicate messages  to the
operator by his  /her own voice . Such a  link can be
established by using two phone lines (one for
characters and another for voice  data).  This gives  an
opportunity for the  hearing impaired user to s tart  to
speak even be fore  t he  ope rator f inishe s  typi ng his
message. (in principle , us ing specia l methods  like
time or frequency multiplexing that allow both types
of data  through the  same line , one can have the  same
type of communication with one phone line). Next,
the  hearing impaired person calls  another (hearing)
person and when somebody picks  up a  phone on the
other end, the hearing impaired links the  re lay service
operator with the  third pa rty us ing conference call
fcatures. In t his  the  s t ep t he  hea ring impair ed can
use a  hearing or tac tile  device , s ince in the  current
conference se tup (the  so called three  -way call) the
ope rat or  ca n he conne cte d to the  t hird par ty  only
after the  hearing impaired user knows that the  third
party has  picked up the  phone.

In addition when using two lines (or a special
multiplex line) with the operator and a  third line with
the conversational partner, a tac tile or hearing device
allows  the  hearing impair ed to de termine when the
third party has finished speaki ng and to s t ar t  to
answer without waiting for the operat or to finish
typing. In practice , we find that when a  large part
o f  a spoken phrase has been typed, the hearing
impaired user can s tart to say something s ince he  can
guess the remaining part of  the  p hra s e fro m t he
context.  This  saves  a  s ignificant amount of t ime and
thus makes conversations cheaper (especially for
long dis tance calls) as  well as  being psychologically
more comfortable  for the hearing user. Such control
of the  conversation with hearing and tactile  devices
was  imposs ible  in the  old relay service  se tup where
everything is  controlled by an operator. In several
instances  us ing this new scheme, the  hearing persons
did not even realize that they had just had a
conversation with a profoundly hearing impaired

person.

It is interesting to note that for some hearing
impaired individuals  us ing this scheme, the  number
of calls  made by them increased twofold once they
s tart ed t o use  thi s  scheme. One ca n expect that
when this  becomes known to more hearing impaired
persons  the number of people willing to use the  relay
service and the number of calls  will  sharply increase.
It  is  necess ary to  find ou t the act ual  numb er of
people  who need the  improved variant of the re lay
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service  and es timate the  number  of calls  that they
will make.

5. Comparative  characteristics  of ASR and RCS.

Some of t he  adva nta ges of  t he improved relay
serv ice  met hod in comp ari son wit h an AS R ba sed
service are the following; 1) The relay service
opera tor can o pera te  wi th c ontinuous  spee ch 2 ) It
does  not req uires  the  hearing user  to go thro ugh a
training procedure as in the case o f  a speaker
dependent ASR. 3) The accuracy of  the output
produced by an operator is higher than one ca n
expect from ASRs in the near future .

The main disadvantages  in the  use of a re lay service
vs  an ASR are the following, I) The re lay service
involves  a third party in the conversation, providing
no privacy, 2) The use of operators is very
expens ive.  One can expect that eventually an ASR
that is  shared by many users will be less cos tly than
the relay service  centers. 3) If the efficient se tup of
the  re lay service will be actually implemented for
wide u se  and  more  heari ng imp aired users  will be
interes ted in it , one can expect that there  will  not be
enough operators  to perform all  the  required calls .
One a lternative  is  t o use  an A SR to help  the  re lay
service operator.

We conclude this  section with some remark on how
future  re lay serv ices  tha t are  ba sed on human and
automatic  interpreters  could be  organized. A re lay
service  operator after receiving a call frorn a  hearing
individual checks whether he  /she has already trained
a speaker dependent ASR that is  available  a t the  new
relay service center. If  t he answer is yes, the
operator simply activates the corresponding module
in the ASR and lets the ASR interpret the rest of the
conversation. Otherwise the operator performs the
call, simultaneously training the ASR on the new
speaker since everything that this speaker says is
transcribed and the ASR receives both acoustic data
and the script that was used to produce this data.
This is sufTicient condition for training the ASRI

6. Conclusion

In this paper we outlined some factors that make the
application of an ASR as a phone communication
aid possible. The main factor is that current speaker
dependent isolated speech systems (in particular the
Tangora) achieve an accuracy of about 80% for
telephone quality speech, This appears to be
sufficient for people to satisfactorily comprehend the
transcription made by the ASR, Under existing
conditions ASRs can be used for conversations with
people who would be willing to train the ASR - such
as family members, friends, and other people with

whom hearing impaired users routinely
communicate. We also described a more efficient
setup for the relay service. It appears from the
analysis of experiments on phone conversations with
help of the ASR and improved relay service that the
number of hearing impaired persons who need these
services is far larger than would be initially expected.
The problem of providing a large number of hearing
impaired users with a more effective relay service can
be resolved by adding ASR features to these centers.
We hope that this paper will also stimulate further
work in this direction by others involved in this area
or research.
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Introduction

The layout and design of computer screens with the
associated keyboard commands for interacting with the
computer can have a tremendous impact on the usability
of a software programs by people who use speech based
screen review programs. This paper describes the
design principles and guidelines used for the redesign of
a computerized client management system for use with
screen review programs. The original system was
designed to be used primarily by sighted individuals who
use a terminal emulation program on a MS -DOS
compatible computer. Many of the recommendations to
improve usability by people using screen review
programs will also improve the usability for people using
the visual interface. A Screen review program (SRP)
provides the means for the user to direct the "reading" of
different portions of the screen. The "reading" is
accomplished by redirecting the information on that
portion of the screen to an electronic speech synthesizer.

Case Management Task

The computerized case management system is used to
process client information from the time of a clients
application for services to the closure of their case. This
includes changing and maintaining client status,
demographic, financial and address information. The
basis for the original screen design for the computerized
case management system was the format of the printed
forms which the case managers currently use. The
original forms contain many numerical codes which are
used to represent different characteristics of the client.
The computerized system needs to allow the blind user a
means to identify the appropriate codes and match them
with the question they are answering. The user must
also be able to easily select among the different functions
available in the system. The system has several
functions to track and maintain the client from their
application to closure. The system needs to present this
functional information in a way that the user can identify
the options and determine how to use the options to
complete their task.

User Profile

The users (both sighted and blind) of the management
system are case managers most with little previous
exposure to computers. The managers will only be
using the system occasionally for short periods of time
and many days not accessing the system at all. The
occasional use of the system places greater demands on
the user interface design to allow the managers to easily
understand how to use the case management system to

complete their job related tasks (Potosnak, - 1987). In
this situation the managers task performance time, in
terms of number of keystrokes needed to complete the
task, can be traded off for making more screens which
are less cluttered with information. The simpler screens
allows the addition of contextual information to the
screen, which can be used to help the user to understand
the options and actions associated with the screen.

The occasional user can be contrasted with a job which
the users are almost always using the computer system,
like a travel reservationist. In this situation the task
performance time is very critical, since the time they
take determines the number of customers they can serve,
and how satisfied their customer will be. The travel
reservationist therefore needs to become quite skilled in
using the system and would demand more travel
information be placed on the screen. Their skill and
familiarity of using the system allows the reservationist
to quickly direct their attention to information which will
help them in assisting their customer. Though, through
the eye of a naive observer the screen though may be
quite uninteruptable.

Different users therefore require different designs, based
on their background and the demands of the tasks they
are performing. The redesign therefore must keep in
mind that the case managers will only be using the
management system occasionally and that they have little
previous knowledge about computers.

Design Principles

The following is a list of seven design principles for use
with screen review programs (SRP) accessing screen
based software. These guidelines are adapted from
Schneiderman (1987)

1, Consistency: Consistency in both keyboard
commands and the layout of information is very
important. Since the managers will also be using
WordPerfect as a wordprocessor it would be
consistent to use many of the same function key
associations assigned by WordPerfect to similar
functions and selection techniques within the case
management program. The layout of the screen also
needs to be very consistent with areas designated for
certain types of information. This allows the
manager with blindness to issue consistent SRP
commands to identify and repeat the screen title,
prompt, options, messages and errors that are
presented on the screen.
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2. Timely prompting of information: The timely
presentation of information is very important in
speech based SRP. The manager needs to have
information automatically presented when the screen
changes or when they move to a new item within a
screen. This allows the manager to detect the change
and understand what response the computer is ready
to accept. The presentation must be limited to only
the information that is most appropriate for the task at
hand. The presentation of two much speech
information will only confuse the manager.

3. Reduce memory demands on user: The task of
managing the clients case requires the manager to
select from lists of descriptions for many questions in
the fill -in form portion of the program. The
descriptions of each item in the list must be available
to the manager in a consistent and simple way. This
consistency is also necessary for the selection of the
item they want. One way to do this easily for SRPs
is by putting each item description on a single line
above the prompt line for the question.

4. Minimize user actions: The managers should not
have to enter long specifications if selecting from a
list of items, or use multiple key strokes for
frequently used functions and moving between fields
on a particular screen. The managers should be able
to use short cuts if they want to select only a few
items from a screen.

Permit easy reversal of actions: Managers should be
able to reverse actions, "Undo' or clear out a
mistake. This is very important in screen review
systems. Many times users of SRP simply turn off
the computer and start over because they cannot
identify and correct a mistaken keystroke that put
them into an unknown portion of a program. This
could be a big problem on a large multi -user system.
This means that the user must be able to easy identify
mistaken actions and have the information and
training to easily correct it.

6. Simple error handling: Errors when detected should
move the user to the source of the error and not only
identify the cause of the error, but also provide a
suggestion on how to correct it. In the case of SRP
this means moving the cursor to the incorrect item
and placing error information in a consistent place on
the screen.

Re- Design Recommendations

The re -design recommendations are based upon a 24 line
x 80 character display using a standard terminal
emulation program to access a Unix based operating

system. The actual case management software runs on
the Unix system and is accessed by the manager through
the terminal emulation program running on an MS -DOS
compatible computer. The screen review software used
as the basis for this re- design is JAWS from Henter-
Joyce.

The first task was to divide the screen up into 6 different
areas which can be automatically monitored by the SRP.
Two of the areas are used to identify the type of the
screen and the particular item the screen that is selected
for user action. There are four major types of screens
which include a menu, fill -in the form, static information
and a client list. Based on the type of screen the SRP
can reconfigure itself to adapt to format of the
information presented on the screen. By monitoring the
item that is selected the manager can be prompted
automatically as they move from item to item. The
identification areas are on the top line of the terminal
emulation screen.

The third area is a title area on the screen which consists
of the 2nd through the 4the lines from the top of the
screen. This area will contain information to orient the
user to where they are in the claims program. This area
will be automatically be spoken when it changes to alert
the manager that a new screen has been presented. They
will also be able to use one keystroke to re -read this

area.

The general purpose area of the screen is used to display
information relevant to the task people are trying to
complete and consists of the 5the through 23rd line on
the display. This area is used to display menu
information, fill -in prompts, fill in options, client
information and etc... Only one piece of information
will be presented on each line of the general purpose
area to allow the SRP to use its read line function to
easily read it to the case manager. The information on
each line will contain both the prompt and the managers
current response.

The system message area consists of the first 50
character positions on the 24the line of the display. This
area will be used to display system messages and also
provide error identification and correction information.
The message area will automatically speak if it changes
when the message is presented and can be repeated with
a single key stroke.

The last area monitored on the screen is similar to the
system message area, but is used to present supplemental
information about some items for the fill -in forms area.
This area will also automatically speak if a change
occurs in it and can be repeated with a single keystroke.
This area is the last 30 characters on the 24the line of the
display.
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In summary the first two areas are used to direct the
configuration of the SRP and to direct the reading of
information in the general purpose area. They are never
read themselves since they are basically codes to the
SRP. The title, system message and supplemental area
are spoken automatically when new information is
presented in their area of the screen and can all be
repeated with one keystroke. The general purpose area
is designed so that one complete piece of information is
contained per line.

Menu Screen

The menu screen required few modifications from a
layout point of view from the original design. Each
menu option was currently displayed on one line so it
can easy be read by the SRP. The information only
needs to be shifted so the that the title and menu
information are in the correct positions of the screen.
The title of the menu must be moved into the title area,
and the menu options and prompt into the general
purpose area. The menu screen and prompt
identification cues need to be added to the top line of the

screen.

The major recommended changes for the menu have to
deal with the selection of menu options. The current
technique is to enter a number that corresponds to a
particular menu item and a then select the "enter" key to
execute the menu option. In addition to this number
selection technique, it is recommended that a letter
selection technique should also be used to select menu
options. The letter should be associated with the
function of the menu option. For example "A" to start a
new Application and "C" for Closure of a client. This is
also compatible with the menu system used in
WordPerfect which is the wordprocessing program the
managers will be using. This reinforces the consistency
of commands within the programs the  managers are
using. The menu system can also be enhanced by
allowing the users to scroll through the menu options.
As the user types the up and down arrow keys the menu
options would be spoken and the user could select the
current option with the enter key.

Mill-In Screen

The fill -in screen re- design requires many more changes
than the menu screen. The major problem with the
original design was that most of the fill -in screens had
multiple columns with inconsistent column widths. This
inconsistency was not only between different fill -in
screens, but also many times within a single screen. The
inconsistent column widths ruled out the use of framing
or windowing capabilities of the SRPs to limit speaking
to one of the columns. The redesign recommends that

only one column of information appear on fill -in form
screens. The information should also be centered on the
screen to facilitate viewing by the sighted managers.
This not only improves use with SRPs line reading
capabilities, but is also less confusing to the sighted
managers. Even though this recommendation leads to an
increase in the overall number of screens from the
original design, it will be easier for occasional users to
complete the task. This is due to not having to
extensively search or know the configuration of each
screen to determine which actions or options are
required for that screen.

A frequently appearing fill -in item is a list of client
characteristics and the manager must select either one
item from the list or check each item that applies. In
these cases the manager receives a prompt with a list of
the options listed below the prompt. The user selects an
option by typing a number corresponding to the number
code at the prompt or by placing an "x" next to the item
prompt. The recommendations ask that these types of
item be treated like a menu. The menu style of
interaction includes the addition of letter codes and the
ability to scroll through options with the arrow keys to
listen to and select items from the list.

Conclusion

Currently the software re- design recommendations are
under consideration by the system developers. The
design recommendations are not specific to JAWS screen
review program, but can also be implemented with other
screen review programs with auto - monitoring and
speaking features. Many screen review systems have
these features. These recommendations will also
facilitate the usability of the system by all the case
management staff. By reducing visual complexity and
moving important information closer to the middle of the
screen and the sighted managers can direct their attention
to the completion of the task.
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ABSTRACT

The B ioeng ineering Program has  deve loped  the
Assistive Dining  Device (ADD) to  ass ist persons
with physical and  /o r cognitive limitat ions to
independently f eed themse lves. Taking  the
fac to rs described be low into  cons ideration, the
Ass ist ive  D ining Device was des igned  to  make
minimal cognit ive and moto ric demands on the
user. Persons with impairments due to
cognition, quadrap legia, sp inal cord injury,
cerebral palsy, the normal ag ing  process,
arthrit is , and  o ther neurological impairments
represent ind ividuals  f or whom the  ADD may
provide needed assistance during  mealtime.

INTRODUCTION

Mealtime is universally recognized  as  an
opportunity fo r re laxation and fo r soc ializing
with f riends and  f amily Unti l recently,
however, mealt imes  f or persons  with severe
hand icaps generally were  regarded as
dissatisf ying, dis tas tef ul  chores that careg ive rs
had  to  pe rfo rm several t imes daily. A
caregive r' s ro le  at mealtime  was  to insure  that a
suff ic ient amount of  nutr ients  were  p rovided  to
the  person they were  ass ist ing at mealt ime. In
many cases, one careg iver had multiple people
to feed  in the  hour or so allotted for the  meal.
In the inte rest of  t ime, meals  concentrate on the
del ivery o f f ood as rapid ly as  possib le  with li tt le
time  f o r inte rac tion with s taf f  or peers by the
person eating. Ohwaki and  Z ingarel li  (1988)
recently studied the mealtime practices  at a
ski lled nurs ing  care  f ac ili ty serving persons with
severe multip le handicaps. The ir survey results
showed that f eed ing pe rsons with severe
mult iple hand icaps was  time- consuming and the
dignity o f the  mealt ime experience was  o ften
sacrif iced  fo r exped iency. Accord ing  to  staff
members, the mealtime  durat ion recorded in this
survey, al though lengthy, were  less  than
suf f ic ient to mee t the clients' needs  fo r social

interact ion.

While  a variety of  " feeding" devices  are
currently avai lable to consumers , the availab le
techno logy remains  p rohib it ive to  many users
with severe physical and /or cognitive l imitat ions.
The available  technology requires: 1) a
moderate  amount of  cognitive  p lanning in o rder
to sequence  the operations  o f the  device, and/or
2) a good deal of  trunk contro l  and  neck

mob il ity. Many consumers comp lain that they
would  rather be fed by someone than expend
the energy and t ime required to  do  it  with the
device (Kreckman & Sheredos , 1980)(2 ).

Robotics off ers  an additional avenue f or
independent eating. Presently, however, robots
that have been evaluated  as  mealtime aids are
excess ive ly large, extremely expensive, and very
frag ile  (Hall , G lass , Hammel, Le ifer, &  Perkash,
1987 (1); Michalowski, Crangle , &  L iang ,
1987(3); Park & Leife r,  1986(4 ); Schneide r,
Schmeisser, &  Seamone , 1981(5 ); Seamone  &
Schmeisser, 1986)(6).

THE DESIGN

General Description

The  ADD is  portab le , computerized , l ight
weight, and durable. Al l mo to rs  and
mechanisms  are  completely sealed so the ADD
can be  easi ly cleaned. The  ADD util izes
standard  1 /8 " radio jacks to  enable the user to
contro l  the  device  with any s ingle  switch which
bes t accommodates  the physical abi li ties o f the
user. Fo r maximum portab il i ty, the device  runs
on inte rnal rechargeable  batteries or from a wall
socke t adapter. Set -up and adju §tments to the
ADD are simp le to enable  caregivers and
mealt ime partne rs  f rom a variety of  settings to
easily use the  device.

The  ADD design has  emanated from extensive
f ie ld tes ting as well  as  c linical and eng ineering
cons iderations. Consumers se rved  as
consultants to  technical and  c linical s taff
regard ing device  design. The device consis ts of
four major sec t ions ; the base , the  mounting
arm, the  device head (with accessories- napkin
holde r and cup ho lder),  and  the  bowl.
Base

The  base provides a means to c lamp the device
to the tab le and contains  the necessary batte ries
and electronics. The electronics consist o f a
control le r,  the batteries , mo to r drive rs  and
various  switch inputs .
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Mounti ng  Arm

The  arm enables the device to  be pos it ioned in
front o f the  use r within a two f oo t diamete r
ve rt ically o r ho rizontal ly. This  range  o f motion
permits  the device  to  be positioned appropriate ly
to  mee t a varie ty o f users needs  as we ll  as
accommodating  ind ividuals who are  bedridden.
Device  Head

The device head  supports the bowl and
accessories  and contains  the motors to turn the
bowl and  manipulate the  spoon. Three moto rs
drive  the  device: the  bowl ro tat ion moto r, the
spoon ro tat ion moto r, and  the spoon extens ion
motor. The  bowl ro tat ion moto r ro tates  the
bowl to  the  desired food se lect ion. The  spoon
ro tat ion moto r moves  the  spoon down into  the
food. The spoon extens ion motor l inearly
extends  the food out to the  user. Gearing fo r
the  bowl rotat ion and  spoon advancement can
be  p last ic  due to  low to rque  requirements .

Bowl

The bowl is clear and parti t ioned  into  three
sections . Each sec tion is  approximately 2 .83 in.
deep. The dep th of  the parti t ioned  bowl insures
the placement o f food on the  spoon as  i t

scoops.

The bowl is suspended on a support arm in
front o f the  use r. The position and transparent
bowl des ign pe rmit the use r to  easi ly view the
device during the  eating process and  to know
what food selec tions  are be ing  o ffe red.

Operation

When the  f ood se lect ion is  made, the  spoon
dips into  the bowl, scoops  up  the  f ood , and
presents  the  f ood  to the user. The user mus t
lean fo rward s light ly and  remove  the  f ood . A
sensor on the spoon al lows the  device  to  know
when to  retract the spoon by sens ing  when the
user is  touching  or has touched  the spoon. The
ADD is then ready to  accep t the  next f ood
choice.

METHOD OF OPERATION

The modes  f or operat ing the  ADD, are  as
fo l lows :

The Two Switch made of  operation pe rmits  the
user with the phys ical abi l ity, to contro l  the
device  us ing two  switches . One switch is used
fo r bowl ro tat ion whi le the  second  switch is
used to contro l food presentation.

The One Switch mode of  operation is fo r the
user who can e ithe r cognitively or func tionally
make  use of  only one  switch. I t  allows the user
to  rotate  the  bowl to the  f ood  o f cho ice and
make  a selec tion. The  f irst switch act ivat ion
stops the bowl. The  spoon automatically
presents  the  food  selected . The  spoon wi ll wait
to be  touched  befo re  re trac ting, and pauses until
the  next switch ac t ivat ion.

The  Ful ly Automatic mode of  operat ion is
des igned f or the pe rson who eithe r cognitive ly
or f unc tionally cannot use a switch. The ADD
bowl ro tates  to a selec tion and the  spoon
presents the f ood. After a time  delay, i f  spoon
contac t is  not detec ted, the  f ood is  returned to
the bowl, the next selec tion is made , and the
pattern is  continued  until  spoon contact is
detected. The ADD continues  to automatically
present food until  spoon act ivity ceases . The
cyc le  is  repeated  throughout the meal.

DATA COLLECTION AND ANALYSIS

A chronological report is generated of all sys tem
ac tivi ty. Subs idiary reports are generated f rom
the chronological report detailing specif ic
switch, bowl and  spoon act ivity. The report
formats were  designed  to assist clinic ians and
caregivers  in evaluating the  users  pe rfo rmance
with the  device.

DEVICE DEVELOPMENT

The ADD underwent two leve ls  of  pro to type
development be fo re  the f inal proto type  was
ready f or f inal f ie ld tes ts: manual and computer
controlled. Deve lop ing dif ferent pro totype levels
allowed project s taf f  to  test, research and  re f ine
the ADD as f ield  tes ting  progressed and
additional inf ormation was  obtained.

FIELD TESTS

The  f ield test subjects for the Ass ist ive D ining
Device  were  children and adults  with mental
retardation and other d isabi lit ies who  reside in
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the Dallas  /Fo rt Worth area. Clinical and technical
research questions  were f ormulated to address
device e ffectiveness and  overall  design.
Signif icant data was taken f rom f ield test
stud ies to improve  device operation.

FUNDING SOURCES

The design and development of  the Assistive
Dining  Device  was made possib le through
funding from the  ARC Research Fund , the
Meadows Foundation, Ze ta Tau A lpha F rate rnity
and  ARC W ashington.
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A CUS T OMI ZED HEADRES T FOR PRES S URE RELIEF AND LATE RAL S UP P ORT

Kathryn E.  Kreiter,  MS BE, David Cas ement,  BS ME,
Chris tine Jas ch, OTR/L, William Armstrong, MS
Rehabilitation Institute of Chic ago, Chicago, IL

ABS T RACT

The d es ign of a head res t for us e b y ind ivid uals with
C1 -2 le ve l q ua d r ip leg ia is p res ented . It is
c us to m -mad e fo r eac h c lie nt  u s ing c o mmerc ially
availab le hard ware so  that  its po sitio n is  ad justable in
three p lan es . Bec aus e o f its c us to m fit and
ad jus tab ility,  this  head res t  effec tively pro vid es  bo th
pres sure relief and adequate p osterior and lateral head
and nec k sup p ort , whic h max imiz es the us er 's
functio n. Fab ric ation details are pro vid ed so that this
headrest can be duplicated.

BACKGROUND

Persons with CI -2 sp inal co rd injuries need adequate
head  and  neck po s it io ning fo r c omfort and  function.
Maintaining p ro p er nec k p o s it io n is c ruc ial fo r the
c o mfo rt  o f p ers o ns  who  a re venti lato r d e p end ent.
Ad eq uate head  s up p o rt  is  need ed  fo r o p eratio n o f
wheelc hairs  using a s ip  -and  -p uff c ontro ller,  o r fo r
operatio n of enviro nmental co ntrol d evices which use
pneumatic c ontro ls or other switches activated  b y the
head (eg. mounted on headrest, or activated by cheek or
to ng ue). Pro p er head po s itio n als o enha nc es
communicatio n by allo wing individuals  in wheelchairs
to make eye co ntact  with p eo ple in their enviro nment.
Moreover, ap prop riately des igned lateral head supp ort
is  imp o rtant fo r go o d  hearing. So me c lients  us ing
head res ts with lateral sup port  can not hear well due to
the lateral areas covering the ears.

S ever al ind ivid uals  wit h C1  -2 level injurie s  have
c o mp lained  o f nec k p ain when us ing c o mmerc ially
availab le head rests  (mad e b y Otto  Bo c k Ind us tries ,
Inc .,  Millers Rental and Servic e, La Bac ). A need for
custo mized neck s upport is  app arent. Pressure relief is
ano ther c ritical is sue. Common areas fo r skin redness
and breakdown to occur are the back of the head and the
ears . It is  well do cumented  that pres sure s ores  are a
serious and costly health concern.

ST AT EMENT  OF  P ROBLEM

A head res t is need ed which will p rovide po sterio r and
lateral head  s up p ort . It  will pro vid e s up p o rt  at the
temp les  but will be c ut out aro und  the ears. Thus, the
size and  shape of the head suppo rt will be cus tomized
for eac h individ ual, in o rder to o ptimize head  po sit ion
and  ma ximiz e fun c tio n.  T he head r es t  will p r o vid e
adequate neck s up port to  d ec reas e the o cc urrenc e of
neck p ain and development of d eformities. In order to
provid e pres sure relief, its  inner s urface will b e lined
with ROHO products.

Additio nal des ign goals for this product are that  it can
be fabric ated q uickly in- ho us e,  us ing c ommercially
availab le  har d war e wh ic h is  a d jus tab le in  s ev eral
d irec t io ns . F in ally, the head res t s ho uld be
cosmetically pleasing and uno btrus ive.

RATIONALE

This  c ustom head res t was  d es igned  because s everal
commercially available head res ts  were tried  with high
level c lients  witho ut s uc ces s  in meeting the ab o ve
mentioned requirements.

DES IGN/DEVELOP MENT

A s imilar head supp ort design was firs t develo ped at
Shepp ard ' s S p inal Ca re  Ce n te r in Atlanta, GA.
Oc c up atio nal therapis ts at this fac ility ad ap ted
Shepp ard' s d es ign by inco rp orating b ilateral cervic al
support into the headrest s hape. They also requested a
d if fer ent  ha rd war e a tta c h men t t o  a llo w fo r  mo re
flexib ility in head and nec k po s it ioning. The
Rehab ilitat io n Engineer ing Dep artment at tac hed
commerc ially available hard ware mad e by Otto Bo ck
Industries, Inc. to this head  support so that it could be
installed on the linear seating s ystems typically is sued
at this  fac ility. Since the majority of headres ts is sued
by rehab engineering are fro m Otto  Bo c k,  b oth this
fac ility's  therap is ts  and  co ns umers will b e familiar
with this  eq uip ment.

The head  s up p o rt  p iec e is  fo rmed  in the fo llo wing
manner. F irs t ,  an o rtho p las t  mo ld  is  taken o f the
individual's head and neck. This is covered with 1 -1/2"
thick T -foam,  which will p rovide relief for the ROHO
bulbs . Using the ortho plas t and  fo am mold , a pattern
is made to determine the size and shape of the headrest
necessary to p rovide the ind icated lateral and posterior
supp ort. This  p attern,  with a shap e s imilar to  that
s ho wn  in  F igu re  1,  is  c ut  o u t o f 1/ 4" thic k ABS
plastic using a band  saw. This is heated  in an oven at
350 d egrees  fo r ap p ro ximately 8 -10 minutes ,  then
fo rmed  around the o rtho p last  mo ld . No te: Do  this
mold ing in a well ventilated  area.

1 7 . 0 "

8 . 0 "

Figure 1. Sample headrest  pattern with d imens ions.
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Commercially available hardware, made by Otto Bock
Inc . ,  whic h allo ws  p o s it io ning ad jus tment s  in the
sagittal p lane and around all three axes , is at tac hed  to
the headrest. The ball and rod are attached by drilling
three body -sized holes for 10 -32 T -nuts in the center
bac k o f the plas tic  head  p iece using the c o llar as  a
template as sho wn in Figure 2. A 1/2" diameter ho le,
in whic h the  b a ll ro t ate s ,  is  d ri lle d  a nd  c en ter ed
between the three T -nuts. Three 10 -32 x I" machine
screws are used to secure the ball and rod to the plastic.
The square rod is inserted into its receptacle in the Otto
Bo c k hard ware. T he s e at  p late a s s emb ly is  then
attac hed  to  the b ac kres t  of the c lient ' s  wheelc hair
s eating s ys tem. T he mo unt ed  p iec e is  s ho wn in
Figure 3.

Figure 2. Attachment hardware used  is made by Otto
Bock Industries, Inc., part no. 430F7.

Figure 3. Headrest mounted on hardware.

Finally, the inner (co ncave) surface of the headrest is
co vered with lo op  velc ro . Custom ROHO bulb s are
attached to this surface. Both 1" and 2" ROHO bulbs,
whic h are inflated thro ugh valves ,  and the 1"  Single
Cell (ind ivid ually s ealed ) b ulb s  c an b e us ed . The
pattern and size of ROHO p roducts used is determined
ac c ord ing to  each ind ividual' s  need s . The finis hed
piece is sho wn in Figure 4.

Figure 4. Headrest complete with ROHO bulbs.

EV ALUATION/DISCUS SION

The firs t c lient  to  us e this  headres t d id no t receive
adequate support from the cervical region. As a result,
he exp erienc ed  d is c o mfo rt  in his  nec k. A foam
cushio n,  c onto ured  to the c lient' s oc ciput and neck,
was fabricated and placed under the ROHO Single Cell
cus hio n. This  p ro vided him with eno ugh supp ort so
that he no lo nger exp erienc ed  the d is co mfort. Since
the lateral support of the headrest kept the client's head
positio ned within his  range of control, he was able to
operate his wheelchair using a sip - and -puff controller.
The head res t  als o  prevented  the rec urrenc e o f an
occ ipital pres s ure s o re which the c lient p revio usly

had.

The sec ond c lient  to rec eive this headres t  exhibited
asymmetric al head placement,  c ons is tently leaning to
the left side. To  achieve midline head positioning,  the
oc c up atio nal therapis t  us ed  1" ROHO bulb s o n the
right s id e and  2" ROHO b ulb s o n the left  s id e in a
c us to m p attern o n her head res t . As  a res ult ,  the
head res t  p ro vid ed  the s upp o rt  nec es s ary to  aid  in
preventing the development of neck deformities.
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CONCLUS ION

The headrest  is a go od so lution in p ro viding pres sure
relieving, po sterior and  lateral head  and neck s up po rt
fo r individuals with high level sp inal c ord injuries . It
has als o  b een us ed s uc c es s fully with high level head
injured ind ivid uals and  may b e ap pro priate fo r s ome
ALS,  MS  or MD clients as well.  It  is  custom -made to
fit each c lient,  yet  is co nstructed  using c ommerc ially
availab le co mp onents . The d es ign c an be d up lic ated
us ing to o ls  c o mmo nly fo und  in mo s t rehab ilitat io n
engineering or o ccupational therapy departments.

S UP P LIERS :

OTTO BOCK Orthoped ic Industry, Inc.
3000 Xenium Lane No rth
Minneap olis , MN 55441
(800) 328 -4058

R0140 Incorporated
P.O.  Bo x 658
Belleville,  IL 62222
(800) 851 -3449

Kathryn E. Kreiter, MS BE
Rehab ilitation Institute o f Chicago
Rehab ilitat io n Engineering Department
345 E. Superior S t.  -  Roo m 1441
Chic ago,  IL 60611
(312) 908 -8566
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D RIVER' S EDUCATION FOR POWER MO BILITY : PART I I

A i m e e J . Lu e b b e n a n d L i s a J . Y o u ng
C o m mu n i t y S e r v i c e s

B e l l e v i l l e , I l l i n o i s

ABSTRACT

Re ga rd l e s s o f  t h e  l o c a t i o n i n whic h a
ne w po we r mo b i l it y  d ev i c e is p re s c r i b e d
a n d fi t t e d , t r a i ni ng o f  t he  f i r s t  t i m e
u s e r  o f p o we r  mo b i l i t y  i s o f t e n a n i s s u e
In c o mmu ni t y  a ge nc i e s , s i n c e  t h e b u l k  o f
t r a i n i n g, p a r t i c u l a r l y  t he fi ne t u n i n g
o f  s k i l l s , t a k e s place i n  t h i s
loc at io n. F o r  ma ny c o mmu ni t y  a ge n c i e s
t h e r e  i s a  fo rm a l  me c ha ni s m whi c h a l l o ws
t he  a d d i t i o n of  s pe c i a li ze d p ro gra mmi ng
c u s t o mi ze d  t o a n i nd i v i d u a l . This p a p e r
d e s c r i b e s  a  c o mm u ni t y ba s e d so l u ti o n to
a d d re s s t h e  i n d e p e nd e n t  mo b i l i t y sk il ls
t r a i n i ng  n e c e s a r y fo r  t h e f i r s t  t i me
u s e r  o f po we r  mob i l i t y .

BACKGROUND

Wh e n d e s i gn i n g t r a i ni n g p r o gr a ms  fo r
f i r s t  t i me po we r  mob i l i t y u s e r s ,
c o m mu ni t y  t he ra p i s t s e n c o u n t e r  c l i e nt s
wh o  a r e  o n a  c o nt i n u u m  f r o m  t h e opt imal
ca s e to t he wo rs t ca se s c e na r i o .

In  t h e opt imal c a s e  o f  a  s t u d e n t
r e c e i v i ng a po we r  mob i l i t y s y s t e m  f o r
t h e  f i r s t  t i me , c o m mu ni t y  t he ra p i s t s a r e
p a r t  o f  t h e ev a l u a t i o n p ro c e s s a nd
de c i s i o n ma k i ng. Wh e t he r  h a n d l i n g t h e
ev a l u a t i o n, fu nd i ng , d e l i v e r y  a n d
t r a i n i n g c o mp l e t e l y  wi t hi n t he co mmu nit y
a g e n c y o r c o n t r i b u t i n g  n e c e s s a r y
i nfo rma t i o n t o  a  s e a t i ng  a n d whee le d
mobility t e a m o u t s i d e  o f  t h e  f a c i l i t y ,
t h e co mmu nit y t h e ra p i s t s  a r e a wa re of
t h e de c i s i o ns ma d e  a n d  t i mi ng of
d e l i v e r y  t o p r o v i d e  t h e  t r a n s i t i o n
ne e d e d in t h e co mmu nit y s e t t i n g.

The wo rs t  c a s e  s c e n a r i o  i s  a  m o r n i n g
c a l l  f ro m a f r a n t i c  t e a c he r  wh o  f i n d s
t h e s t u d e n t  o n  t h e s c ho o l b u s in a new
p o we r  whe e l c h a i r . The b u s d r i v e r , a n g r y
b e c a u s e he ha d  n o t  b e e n no t i fi e d to
i ns t a l l  a p p r o p r i a t e ti e d o wns , ha s to
s h o w  t h e  t e a c h e r how to a c t i v a t e t he
whe e l cha i r . Si nc e s c h o o l  p e r s o nn e l
i n c l u d i n g t h e co mmu nit y t h e ra p i s t  we r e
no t  n o t i f i e d , t he t h e r a p i s t  ma k e s
e m e r ge n c y  a r r a n g e me n t s to c h a n g e he r
s c h e d u l e  fo r  t he  w e e k  t o wo rk
immed ia te ly wi t h  t he  t e a c h e r  a nd .
s t u d e nt .

P1.2

In  t h e  f o r m e r ca s e t h e  t h e r a p i s t  h a d
t i me  t o c o nf e r  w i t h t h e t r a ns p o r t a t i o n
co mp a ny b e fo re t h e  p o w e r mobility sy s t e m
was d e l i v e re d , ma k i ng c e r t a i n  t h e  b u s
l i f t  wa s sa fe a nd t i e d o wns we re
a p p ro p r i a t e . T he po we r  mob i l i t y
t r a i n i n g p ro gr a m wa s  i mp l e me nt e d  f ro m
t h e f i r s t  d a y wi th sc ho o l p e r s o nne l a nd
family me mb e rs  a w a re o f  ro l e s a n d
a s s i gn me n t s . In  t h e  l a t t e r  c a s e  i t  w a s
ne c e s s a ry  t h a t  t r a i n i n g be d e fe r r e d
u n t i l  t h e s a fe t y i s s u e  wa s a d d r e s s e d .

OBJECTIVE

T r a i n i n g o f  t h e  f i r s t  t i m e  u s e r in po we r
mobility is o f t e n  a n  i s s u e  i n co mmu nit y
a ge nc i e s , s i nc e t he b u l k o f  t r a i ni ng ,
p a r t i c u l a r l y t h e fi ne t u n i n g o f sk il ls ,
t a k e s pl a c e  i n t hi s lo ca ti on, a wa y  f ro m
ho s p i t a l  b a s e d  e v a l u a t i o n  c l i ni c s a nd
d e a l e r sho wroo ms . T he  Ind i v i d u a l i ze d
Ed u c a t i o n  P r o gr a m (IEP ) is t he me chanis m
av a i l a b l e  i n s c ho o l  b a s e d p r o g r a m s  t o
p ro v i d e t r a i ni ng in s p e c i f i c  a r e a s
cu s to mize d fo r e a c h p e r s o n. The
ob j e c t i v e wa s  t he  fo rma l i za t i o n o f  a n
IEP a me nd me nt  wi t h a  g o a l  a n d  r e l a t e d
o b j e c t i v e s t o  s e rv e as a  g e ne r i c po we r
mo b i l i t y  t r a i ni ng p r o g r a m  t o be
imp le me nt e d with t h e  i n t ro d u c t i o n  o f  a
ne w po we r  mob i l i t y de v i c e fo r  a  f i r s t
t i m e  u s e r .

APPROACH

L. ,  a n 1 8  y e a r  o l d woman wi t h a
d i a gno s i s o f  c e r e b r a l p a l s y  r e s u l t i ng in
s p a s t i c q u a d r i p a re s i s a n d  a t he t o i d
mo v e ment s , i s  e n r o l l e d  i n  a  p u b l i c  hi g h
s c ho o l  a nd  a s s i gn e d  a  f u l l  t i m e  a i d e .
In F e b r u a r y 1 9 9 0  t he re wa s  a  me e t i n g o f
t he  t e a m o f sc ho ol s t a f f ,  f a mi l y me m-
b e r s ,  a n d  f u n d i n g  s o u r c e s t o  d i s c u s s
L. 's s u c c e s s fu l  c o mp l e t i o n o f  a  t r i a l
p e r i o d  p o we r mobility d r i v e r ' s ed u c a t i o n
p ro g ra m (1). S i nc e  L. was p ro v e d
s u c c e s s fu l  d u r i n g t h e  6 0  d a y  t r i a l
p e r i o d  i n  a  J a y S e a t  a n d  J a y Back t ha t
ha d  b e e n cu s t o mi ze d fo r  h e r  p o s i t i o n i n g
a n d  fu n c t i o na l  n e e d s , a s imi lar s e a t i ng
s y s t e m wa s re q u e s t e d . A f t e r  fu n d i n g  w a s
a u t h o r i z e d  i n May 1990, t he t h e r a p i s t s
ha d c o n t a c t e d  t h e  t r a ns p o r t a t i o n co mpa ny
re g a r d i n g t h e c h a n g e  i n  L . ' s whe e l cha i r
a n d  r e q u e s t e d t h a t  w o r k s t a r t on
re s e a r c h i n g a n d  i n s t a l l i ng  ne w b u s
ti e d owns .
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L. ' s ne w p o we r whe e l c h a i r  wa s re a d y  t o
b e d e l i v e r e d  i n  A u g u s t . S i nc e  L. was
e n ro l l e d  i n a n  a d u l t  t r a i n i n g p r o g ra m
fo r  t h e summer, sch ool s taf f h ad
arran ged to co ns u lt  to  th e summer
program. To en s u re t h a t L. had  adeq ua te
skills in  t h e new device, th e fu nd in g
sou rce h ad  req u es t ed  t h a t  t h e wheelchair
not go home unt il L. had passed a
specific training program. Since L. had
not  been in a power  mobility  base  for
six months, the summer program was given
a copy o f  t h e  t r ia l period training
program (1) to  u se  a s a  re f res h e r . In
the th ree weeks remaining before school
st a r ted , L. rega ined the skills she had
learned in the previous winter. At the
end of  Au gus t  t h e school the rapis ts met
to des ign  a mobility training program to
build on the skills lea rn ed in the trial
period.

RESULTS

A meeting to  amend L.'s  IEP with t he
Power Mobility  Driver's Education
Program was held. Adding the new
program on t h e  IE P  i s a me c hani s m t h a t
fo rma l i ze s t h e  ro l e s a nd e xp e c t a t i o ns of
a l l  t h e s c ho o l  me mb e r s a s well a s
d e l i ne a t e s  a s t u d e n t ' s p e r f o rma nc e
co mp l et i o n co mp e t e nc i e s . T he P o we r
Mobi lity D r i v e r ' s Ed u c a t i o n P ro g ra m
c o n s i s t s o f  t h e goa l: t o  i m p ro v e sc ho o l
r e l a t e d mo bi li ty sk il ls , a n d 12
o b j e c t i v e s : to m a n e u v e r  a r o u n d  g r o u p s of
s t a n d i n g a n d t a l k i ng pe op le , to  fol lo w
b e h i n d  a  g r o u p of s t u d e n t s fo r  a t  l e a s t
100 fe e t  b e t w e e n cl a s se s , to ma n e u v e r  u p
a n d d o wn a  r a m p wi t h o u t  s t o p p i n g whe n
d i s t r a c t e d , to ma k e  t h e t r a n s i t i o n to
a n d fro m a  s i d e w a l k  t o  u ne v e n t e r r a i n ,
to t u r n i n t o  a n d o u t  o f  a n e n t r a n c e ,  t o
m a n e u v e r  a r o u n d s i x o b s t a c l e s wi t hi n a
ha l l wa y wi t h o u t  b u mp i ng , to ma ne u v e r
a r o u n d s i x o b s t a c l e s in a cl a ss roo m
wi t ho u t b u m p i ng ,  t o mo v e  t o a  l o c a t i o n
a t  a  t a b l e  / d e s k , to mo v e  i nt o po s i t io n
to b e p i c k e d u p b y  t h e b u s , to c r o s s  a
s t r e e t wi t ho u t  s t o p p i n g wh e n  d i s t r a c t e d ,
a n d t o  i n d i c a t e  t o  a no t h e r p e r s o n to
o p e n  a  d o o r . By  t h e  e n d  o f S e p t e m b e r
1990 L. h a d  r e a c h e d  t h e co mp l et io n
c r i t e r i a o f  s u c c e s s f u l  p e r f o rm a nc e  o n
t h r e e c o n s e c u t i v e d a t a col le cti on d a y s
o n  a l l 12 o b j e c t i v e s . With t h e fu n d i n g
s o u r c e ' s a p p ro v a l , L. t o o k  h e r  n e w
s e a t i n g a n d p o we r mobi lity s y s t e m home.

DISCUSSION

F o r  c o mm u n i t y  t he ra p i s t s t h i s  i s  a n
exa mp le o f  a n o p t i ma l  c a s e . Wo rk i ng i n
ta nd e m wi th fu n d i n g a ge nc i e s , c l as s roo m
p e r s o nne l , s u mme r p ro g ra m s t a f f ,
t r a n s p o r t a t i o n  r e p re s e n t a t i v e s , a s well
as L. a n d  h e r  f a m i l y , co mmu nit y
t he ra p i s t s  a s s i s t e d L. in t h e ut i l i -
za t i o n o f  a s e a t i ng  a n d whe e le d  mo b i li t y
sy s t e m t h a t  w a s a p p r o p r i a t e  f o r  h e r
p o s i t i o ni ng a nd  m o b i l i t y  n e e d s .

T o  l e s s e n  t he e f f e c t s  i n t h e  w o r s t  c a s e
sc e ne r i o , t h e s a f e t y  i s s u e s mu s t  b e
a d d r e s s e d f i r s t . The t r a n s p o r t a t i o n
c o mp a ny  m u s t  b e no ti f ie d t o  i ns t a l l
a p p ro p r i a t e ti e d o wns a n d  t h e new s e a t i ng
s y s t e m  mu s t  b e  e v a l u a t e d  f o r  r e t r o -
f i t t i n g  n e e d s . Of t ent ime s ho s p it a l
ba s e d ev a l u at i o n cli ni cs o v e r l o o k  l o ng
b u s r i d e s  o n b u mp y ru r a l  r o a d s  o r
po thol e c o v e re d u r b a n s t r e e t s whe n
de c i s i o ns a re m a d e  r e g a r d i n g  t h e
c o m p o ne nt s  o f  a  s e a t i ng sy s t e m. If
r e t r o f i t t i ng  i s ne e d e d , ad d i t i o na l
fu n d i n g mu s t  b e s e c u re d . T h i r d  p a r t y
re i mb u r s e me nt  s o u r c e s , ob l i ga t e d to c u r b
e s c a l a t i ng he a l t h c a re co s t s , re a li ze
t h a t  m u c h r e t ro f i t t i n g is a n  u n n e c e s s a r y
e xp e ns e (2 )  a n d  a r e s o me t i me s  r e l u c t a nt
t o  a u t ho r i ze a d d i t i o n a l  f u nd i n g.

A f t e r  t h e s a f e t y  i s s u e s ha v e  b e e n
re s o l v e d , t r a i ni n g  ma y  s t a r t . T he
s t u d e nt  w h o  r e c e i v e d  t he  mo b i l i t y d e v i c e
wi t ho u t  c o m p l e t i ng  t he  t r i a l pe r io d
p o we r  mo b i l i t y  t r a i ni n g p r o g ra m (1) ha s
b o t h mo b i l i t y  t r a i ni ng p ro gra ms a d d e d  t o
hi s o r  h e r IEP. T he  t r i a l pe r io d
p ro g ra m wo r k s  t o  i m p ro v e ge n e r a l
mobility sk il ls while t h e s t a n d a r d
t r a i n i n g p r o g ra m  f i n e t u ne s t he s e sk il ls
t o  i mp ro v e p re c i s i o n a nd s p e e d  i n a nd
a r o u n d  t h e  s c h o o l .

REFERENCES

1. Lu e b b e n, A.J. a n d Yo ung, L.J . :
D r i v e r ' s Ed u c a t i o n  f o r  P o w e r
Mobility: A Commu ni ty Ap p roa c h.
P ro c e e d i ngs o f  t he  T h i r t e e nt h  A nn u a l
C o nfe re nc e on Re ha bi l it a t io n
En gi n e e r i n g , Wa s hi ngt o n, D.C.: 1990.

2 .  Lu e b b e n,  A . J . a n d  Y o u ng , L.J . :
Re t ro f i t t i ng: An Un n e c e s s a ry  Ex -
p e ns e . P ro c e e d i ngs o f  t h e Twe l ve t h
A nnu a l  C o nfe re nc e  o n R e ha b i l i t a t i o n
En gi ne e r i n g , New Or l e ans : 1989.

348 RE SNA 14 th  ANNUAL  CONFE RE NCE • KANSAS C ITY, MO. 1991



D RIVER' S EDUCATION

ACKNOWLEDGEMENTS

Thi s wo r k  w a s  s u p p o r t e d by Fra nk l in -
J e f f e r s o n C o u nt i e s Sp e c i a l  Ed u c a t i o n
Di s t ri c t , Be nt o n, IL; Mamie O. St o ok e y
Schoo l, Be ll evi ll e , IL; Coleman T r i -
C o u nt y S e rv i c e s ,  Ha r r i s b u r g ,  IL ;
Williamson C o u nt y Sp e c i a l  Ed u c a t i o n
Di s t ri c t , Ma r i o n ,  IL; a nd  Bi s s e l l
He a l t hc a re Co rp o ra t i o n, G ra nd Ra pi ds ,
MI.

Aimee J . Lu e b b e n, MS, OTR /L
Co mmunit y Se rv i c e s
5 0 6  F r e e b u rg  A v e nu e
Belleville , IL 6 2 22 0
(618) 235 -8460

RESNA 1 4th  ANNUAL CONF ERE NCE • KANSAS C ITY,  MO.  1991 349



P1.3 A COST- EFFECTIVE APPROACH TO EXTENDED ASSESSMENT AND

PRELIMINARY TRAINING FOR POWERED WHEELCHAIR CONTROL

Thomas L . Gr e y , M .S .
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ABSTRACT

E x t e nd e d as se s sm ent f o r po we red
m o b i l i t y c o n t r o l i s so m et i mes
r e q u i r e d a t many o u t p a t i e n t
c l i n i c s , c e n t e r s , e t c . A co s t  -
e f f e c t i v e , f o u r  - p ha s e pr o g ra m was
d e v e l o p e d t o a d d r e s s t h i s
r e q u i r e m e n t . Each pha se p r o v i d e s
d a t a on c l i e n t p e r f o r m a nc e . The
P r o g ra m i n c l u d e s a c o s t  -  e f f e c t i v e
way o f p r o v i d i n g p r e l i m i n a r y
P o wered w h e e l c h a i r t r a i n i n g w i t h a
c a n d i d a t e c o n t r o l sy s te m w i t h o u t
t h e need f o r a po wered w h e e l c h a i r .

BACKGROUND

Fo r some c l i e n t s , t h e p r o c e s s f o r
p o w e r e d m o b i l i t y c o n t r o l l e r
s e l e c t i o n ca n be v e r y t i m e
c o ns um i ng . The c l i e n t may show
p o t e n t i a l a t mo re t h a n o ne c o n t r o l
s i t e and f o r mo re t h a n o ne t y p e o f
c o n t r o l l e r and t h e r e may be
p o s i t i o n i n g i s s ue s t h a t mus t be
t e m p o r a r i l y a d d r e s s e d . T h i s
beco mes a p r o b l e m f o r o u t p a t i e n t
c l i n i c s and c e n t e r s t h a t mus t
a c c o m p l i s h t h i s p r o c e s s w i t h i n a
f a i r l y s h o r t as se s sm ent p e r i o d ,
e . g . , d u r i n g a t h r e e t o f o u r ho ur
a p p o i n t m e n t .

Fo r t he s e c l i e n t s , i t i s ne c e s s a r y
t o p r o v i d e an e x t e nd e d p e r i o d o f
as s e s s m e nt i n o r d e r t o d e t e r m i n e
t h e b e s t t y p e o f c o n t r o l l e r . Two
ma i n p r o b l e m s w i t h an e x t e nd e d
as s e s s m e nt a r e a d d i t i o n a l c o s t f o r
c l i n i c i a n t i m e ( c r i t i c a l f o r
s m a l l e r c l i n i c s whose o t h e r
s e r v i c e s c a n no t ab s o r b t h i s c o s t )
and i n c o n v e n i e nc e f o r t h e c l i e n t i f
t h e c l i e n t l i v e s f a r f r o m t h e
c l i n i c and  /o r t r a n s p o r t a t i o n i s
d i f f i c u l t t o a r r a ng e .

An e x t e nd e d as s es s me nt p r o g ra m f o r
a c l i e n t who met t h i s g e ne r a l
d e s c r i p t i o n was d e v e l o p e d w i t h
a s s i s t a n c e f r o m t h e as s es s me nt
tea m. An a d d i t i o n a l b e n e f i t o f
t h i s p r o g r a m i s t h a t i t a l s o
P r o v i d e d i n i t i a l t r a i n i n g i n t h e
us e o f t h e c o n t r o l l e r t h a t was

recommended. The pro gr am t a k e s
ad v a n t a g e o f e x i s t i n g r e s o u r c e s f o r
t h e c l i e n t i n o r d e r t o re d uc e t h e
c o s t o f t h e pr o g ra m .

OBJECTIVE

The go a l f o r t h i s e x t e nd e d
as se ss me nt p r o g ra m was t o d e t e r m i ne
t he b e s t c h o i c e among two t y p e s o f
Po wered w h e e l c h a i r c o n t r o l l e r f o r a
p a r t i c u l a r c l i e n t . The c o n t r o l l e r
o p t i o n s , s w i t c h e d m i n i  -  j o y s t i c k o r
head s w i t c h a r r a y , had been
d e t e r m i ne d d u r i n g a p r e v i o u s
as se s sm e nt , w h i c h d i d n o t a l l o w
t i m e f o r d e t e r m i n i n g t h e b e s t
o p t i o n . A no t he r f a c t o r was t he
c l i e n t ' s s t r o n g p r e f e r e n c e f o r
us i n g h i s hand ( m i n i  -  j o y s t i c k ) when
t he p r e l i m i n a r y as se ss me nt f i n d i n g s
i n d i c a t e d b e t t e r c o n t r o l w i t h h i s
head (he ad s w i t c h a r r a y ) . S i nc e
a d d i t i o n a l f u n d i n g f o r t h e e x t e nd e d
as se ss me nt was r e q ue s t e d f r o m t h e
agency who r e f e r r e d t h e c l i e n t , a
se c o nd ar y go a l was t o keep t h e c o s t
o f t h i s p r o g ra m t o a mi ni mum.
O t he r r e s o ur c e s ( e . g . , day
pr o g ra m s , s c h o o l , home, e t c . ) t h a t
t he c l i e n t had a v a i l a b l e were
r e s e a r c he d f o r i n c l u s i o n i n t o t h e
pro gr am d e s i g n t o a c h i e v e c o s t
r e d u c t i o n .

APPROACH

A fo ur-  -phase pro gr am o f e x t e nd e d
c o n t r o l as se ss me nt was, de v e lo p e d
t h a t r e l i e d o n p a r t i c i p a t i o n f r o m
t h e c l i e n t ' s day pr o g r am , w h i c h was
w i l l i n g t o a s s i s t i n t he e x t e nd e d
as se ss me nt p r o g ra m p r o v i d e d t h a t i t
b l e nd e d w i t h t h e c l i e n t ' s c u r r e n t
a c t i v i t i e s . The day pro gr am
d i r e c t o r was a l s o v e r y i n t e r e s t e d
i n h e l p i n g t h i s c l i e n t w i t h
a c h i e v i n g i nd e p e nd e n t m o b i l i t y .
The g e ne r a l o u t l i n e f o r t h i s
p ro gr am i s as f o l l o w s :

1 . Phase I : C o l l e c t d a t a on use o f
m i n i  -  j o y s t i c k w i t h ha nd .

2 . Phase I I : C o l l e c t d a t a o n use o f
s w i t c h a r r a y w i t h he ad .

3 . Compare t h e d a t a f ro m P hases I
and I I and a n a l y z e .
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4 . D e t e r m i ne wh i c h c o n t r o l l e r sho ws
g r e a t e r p r o mi s e f o r suc ce s s w i t h
po wered m o b i l i t y .

5 . Phase I I I : Use t h i s c o n t r o l l e r
t o d i r e c t a p a r t n e r t o push t h e
c l i e n t ' s c u r r e n t m a n u a l
w h e e l c ha i r a r o und a s e r i e s o f
o b s t a c l e c o ur s e s and c o l l e c t
d a t a o n pe r f o r m a nc e .

6 . A na l y z e Phase I I I d a t a .
7 . I f manua l whee l c h a i r a c t i v i t y

i s s u c c e s s f u l , t he n go t o Phase
I V . I f manua l whee l c h a i r
a c t i v i t y i s no t s u c c e s s f u l ,
d e t e r m i ne pr o b l e m a r e a s and
d e v e l o p rec o m menda t i o ns t o
ad d r e s s t ho s e ar e a s so t h a t t h e
c l i e n t can be re -  asse ssed a t a
l a t e r d a t e .

B. P hase I V : S c he d u l e c l i n i c
a p p o i n t m e nt t o have c l i e n t use
c o n t r o l l e r w i t h p o w e r e d
w h e e l c h a i r . C o l l e c t d a t a
( i n c l u d i n g v i d e o t a p e ) r e g a r d i n g
c l i e n t ' s r e a c t i o n t o and use o f
i nd e p e nd e n t po wered m o b i l i t y .

9. R ev i ew a l l d a t a . D i s c us s
r e s u l t s w i t h c l i e n t , f a m i l y , day
p r o g r a m , a nd f u n d e r o f
a  s s  e  s  s  m  e  n t . M a k e
rec o m me nd at i o ns f o r p ur c ha s e o f
po wered m o b i l i t y and f u r t h e r
t r a i n i n g based on r e s u l t s and
d i s c u s s i o n s .

A c o n s i s t e n t p a r t n e r was i d e n t i f i e d
a t t he day pro gr am who r e c e i v e d
o r a l and w r i t t e n i n s t r u c t i o n s and
d a t a s he e t s p r i o r t o each pha se .
The p a r t n e r was asked t o r e c o r d
d a t a and p r o v i d e s u b j e c t i v e
o b s e r v a t i o n s f o r a l l pha se s .
P hases I and I I c o n s i s t e d o f a
number o f s e s s i o ns i n v o l v i n g t h e
use o f an A p p l e I I e co m put e r w i t h a
pro g ram d e s i g ne d t o p r o v i d e us e r
f e ed b ac k and t o c o l l e c t d a t a
r e g a r d i n g t h e use o f each
c o n t r o l l e r ( r e s p o ns e t i m e , s w i t c h
h o l d i n g t i m e , and t i m e t o r e l e a s e
a f t e r h o l d i n g ) . The c o m p ut e r ,
s o f t w a r e and c o n t r o l l e r were r e n t e d
f r o m t he c l i n i c f o r use a t t h e day
pro gr am a t a no m i na l f e e t o ad d r e s s
l i a b i l i t y -  f o r  -  d a m a g e c o n c e r n s .
Phase I I I was d e s i g ne d t o p r o v i d e a
r e a l i s t i c s i m u l a t i o n o f po wered

m o b i l i t y and was e a s i l y i m p l e me nte d
a t t he day pr o g r am . The c l i e n t
used t h e c o n t r o l l e r t o i n d i c a t e
d i r e c t i o n on a d i r e c t i o n i n d i c a t o r
box w i t h so und f e ed b ac k t h a t was
e a s i l y seen by t h e p a r t n e r .
O b s t a c l e c o ur s e s were gr a de d f ro m
s i m p l e t o mo re co mp lex d u r i n g a
number o f s e s s i o ns . The p a r t n e r
was asked s i m u l a t e t h e t y p i c a l
mo vements o f a po wered w h e e l c ha i r
( a b r u p t s t a r t s , f i n i t e s t o p p i n g
t i m e , t u r n i n g r a d i u s , e t c . ) i n
o r d e r t o o b s e r v e t h e c l i e n t ' s
r e a c t i o n s t o t he s e f a c t o r s . D u r i n g
Phase I V , t h e c l i e n t was s e t up i n
a po wered w h e e l c ha i r w i t h t h e same
c o n t r o l l e r . The c l i e n t was t h e n
asked t o go t h r o ug h a s i m i l a r
s e r i e s o f o b s t a c l e c o ur s e s
( s t r a i g h t l i n e , r i g h t  - a n g l e t u r n s ,
c i r c l e s , a v o i d o b s t a c l e s , e t c . ) .
O b s e r v a t i o ns o f t h e c l i e n t ' s
pe r f o rm a nc e were r e c o r d e d and t h e
c l i e n t was v i d e o t a p e d .

RESULTS

T h i s p r o g ra m was i m p l e me nte d d u r i n g
t he F a l l o f 1990 . P hases I and I I
d e t e r m i ne d t h a t t h e head s w i t c h
a r r a y was t h e b e t t e r c o n t r o l l e r and
t he c l i e n t ag re ed ( h i s i n i t i a l
p r e f e r e n c e had been f o r hand us e ) .
A pr o b l e m was no t e d w i t h t h e
c l i e n t ' s movement p a t t e r n s w i t h h i s
head when us i n g t he c o m p ut e r , b u t
i t was f e l t t h a t t he s e mo vements
wo u ld no t be a p r o b l e m d u r i n g
a c t u a l w h e e l c ha i r us e ; t h e r e f o r e ,
t he pro gr am c o n t i n ue d t o Phase I I I .

R e s u l t s f r o m Phase I I I were mi xe d .
The ma i n pr o b l e m f o r t h e c l i e n t
i n v o l v e d no t kno wi ng how t o use t h e
s w i t c he s t o i m p a r t o r e n f o r c e
d i r e c t i o n a l change s t o g e t o u t o f
s i t u a t i o n s , e . g . , s t u c k a g a i n s t a
w a l l . T h i s was t o be e xp e c t e d
s i n c e t h i s was h i s f i r s t e x p e r i e nc e
w i t h any k i n d o f i n d e p e nd e n t
m o b i l i t y . S ec o nd ary pr o b le m s
i n v o l v e d t h e m o u n t i n g a nd
a d j u s t m e n t o f t h e s w i t c h a r r a y ;
m o d i f i c a t i o n s t o t h e s w i t c h a r r a y
were d e s i g ne d t h a t wo ul d e l i m i n a t e
t he s e p r o b l e m s . The p o s i t i v e
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r e s u l t was t h a t t h e c l i e n t
re s p o nd e d w e l l t o i n s t r u c t i o n and
e x p e r i e n c e w i t h us i n g t h e head
s w i t c h e s t o d e t e r m i ne d i r e c t i o n ,
go  / s t o p , e t c . ; t h e r e f o r e , t h e
p r o g r a m c o n t i n u e d t o P hase I V .

The P hase IV a p p o i n t m e nt l a s t e d
a b o u t tw o ho ur s ana i n v o l v e d two
c l i n i c i a n s . A t f i r s t , t h e c l i e n t
s t r u g g l e d w i t h t h e f e e l and
e x p e r i e n c e o f t h e p o w e r e d
w h e e l c h a i r . H o w eve r , t h e c l i e n t
was a b l e t o a d j u s t t o t h e
e x p e r i e n c e and e v e n t u a l l y maneuv er
t h e w h e e l c h a i r down h a l l w a y s ,
a r o und c o r n e r s and p e o p l e , and
t h r o u g h wi d e ( d o u b l e ) do o rw a ys .
The i n c r e a s e i n t h e c l i e n t ' s s e l f
c o n f i d e n c e d u r i n g P hase IV was
d i r e c t l y o b s e r v a b l e .

R ec o mm end at i o ns were made f o r t h e
p u r c ha s e o f po wered m o b i l i t y based
o n t h e r e s u l t s o f t h i s p r o g ra m .
T he c l i e n t a l s o b e n e f i t t e d f r o m t h e
p r e l i m i n a r y t r a i n i n g he r e c e i v e d
d u r i n g P hased I I I and IV o f t h i s
p r o g r a m as i t i s a n t i c i p a t e d t h a t
he w i l l need l e s s t r a i n i n g a f t e r he
r e c e i v e s h i s po wered w h e e l c h a i r .
The c l i e n t and h i s f a m i l y
b e n e f i t t e d f r o m kno w i ng t h a t he i s
a b l e t o l e a r n new s k i l l s and
a c h i e v e g r e a t e r i nd e p e nd e nc e g i v e n
an o p p o r t u n i t y and p r o p e r s u p p o r t .

DISCUSSION

The p ha s e d , e x t e nd e d as se s sm ent
p r o g r a m d e s c r i b e d abo ve p r o v i d e s
t h e o b j e c t i v e and s u b j e c t i v e
me a s ur e s ne c e s s a r y f o r c o n t r o l
e v a l u a t i o n w h i l e c o n t a i n i n g c o s t .
T he f a i r l y g e ne r a l n a t u r e o f t h e
pr o g r a m and i t s a d a p t a b i l i t y t o
v a r i o u s s i t u a t i o n s and r e s o ur c e s
make i t ea sy t o r e p l i c a t e a t o t h e r
s i t e s .

The c o s t o f t h e e x t e nd e d as s es s me nt
was c o n t a i n e d p r i m a r i l y by r e d u c i n g
t h e amo unt o f t i m e t h a t t h e
c l i n i c i a n ( s ) mus t spe nd w i t h t h e
c l i e n t . W h i l e m i n i m i z a t i o n o f
d i r e c t c l i n i c i a n c o n t a c t w i t h t h e
c l i e n t may be c o ns i d e r e d a

dr a w b a c k , t h e pr o g ra m p r e s e n t e d
he r e f o s t e r s g r e a t e r un d e r s t a nd i n g
and c o o p e r a t i o n w i t h o t h e r p e o p l e
and pr o g ra ms t h a t t h e c l i e n t i s
i n v o l v e d w i t h , w h i c h s h o u l d be
c o n s i d e r e d as d e s i r e a b l e . I t
s h o u l d be no t e d t h a t t h e c l i n i c i a n s
i n v o l v e d w i t h t h i s c l i e n t were a b l e
t o wo rk w i t h o t h e r c l i e n t s and on
o t h e r p r o j e c t s w h i l e t h e day
pro gr am s t a f f wo rked w i t h t h e
c l i e n t ; t h i s i nc r e a s e d t he
e f f i c i e n c y and p r o d u c t i v i t y o f t h e
c l i n i c .

Day pro gr am s t a f f a l s o b e n e f i t t e d
f r o m t he e xp o s ur e t o f o r m a l
w h e e l c ha i r t r a i n i n g pr o c e s s e s .
P l a ns a r e b e i ng made t o i n c o r p o r a t e
some o f t he t e c hn i q u e s l e a r n e d i n t o
t he w h e e l c h a i r a c t i v i t i e s f o r t h e
day p r o g r a m ' s o t h e r po wered
w h e e l c ha i r us e r s t o h e l p them
r e f i n e t h e i r s k i l l s .

Thomas L . Grey
A s s i s t i v e D e v i c e C e n t e r
C a l i f o r n i a S t a t e U n i v e r s i t y ,
S ac r ame nto
6000 J S t r e e t , ECS -5025
S a c r am ento , CA 95819
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SMALL IMPROVEMENTS IN SEATING HARDWARE

Charles J. Laenger
James H, Lee

Kaiser Rehabilitation Center
Tulsa, OK

Abstract

Attachment of devices and components
to postural positioning systems is a
perennial problem. Such attachments
sh ou ld , ide all y, be eas y t o u se,
difficu lt to i nstall  incorr ectly,
functional and inexpensive. Some of
t h e  m o s t  d i f f i c u l t  a n d  f r e q u e n t
problems deal with securing position-
ing and quick disconnect of vests,
knee blocks, pelvic restraints and
other devices. Examples of devices
d e v e l o p e d  a n d  u s e d  i n  p o s t u r a l
seating systems at this facility are
presented herein.

Background

T h e s m a r t e s t s e a t i n g design -
f a b r i c a t o r or e n g i n e e r u s e s
commercially available devices and
c o m p o n e n t s . B u t s o m e t i m e s no
commercial device is adequate.

Then the second- smartest engineer
develops a new device, or improves an
existing device taking full advantage
of the ingenuity of his predecessors.
Examples follow.

Problems and Solutions

A. Vest Attachment Plate

P r o b l e m : S t r a p s t h a t s e c u r e
" b u t t e r f l y  v e s t s "  o r  s h o u l d e r
r e s t r a i n t s  o f t e n  e x e r t  d o w n w a r d
pressure on the shoulders. Sometimes
there are no convenient attachment
p o i n t s  o n  t h e  u p p e r  b a c k  o f  t h e
wheelchair.

One Solution: A custom attachment
plate was made from sheet Kydex - a
heat - formable plastic used routinely
by orthotists. Such a device was made
f o r  a  L a B a c , z e r o -  s h e a r  p o w e r
recliner back. See Photo #1.

A leg of the Kydex plate was threaded
t h r o u g h  t h e  f r i c t i o n  m a z e  o f  a
commercially available ABS plastic
belt b uckle ; no s crews  were used.
This provided a convenient, rigid,
properly positioned quick- disconnect
for a "butterfly" vest. Two of these
devices are currently in use on one
wheelchair.

P1.4

Photo #1. Butterfly Vest, Anchors and
Quick Disconnects

B . C u s t o m  -  C o n t o u r e d S U B A S I S
Restraints

Problem: Commercially available SUB-
ASIS bars do not always fit deformed
individuals and few quick- disconnect
options exist.

One Solution: For one client, a SUB-
ASIS restraint was made with a 3/16
inch thick Kydex strap. See Photo #2.

0

191

Photo #2. Custom - Contoured SUBASIS
Restraint with Quick Disconnect
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The Kyd ex s t r a p was c o n t o u r e d t o
a c c o m m o d a t e t h e d e f o r m i t y of t h e
c l i e n t and t he sha pe of t he Contour -U
s e a t i n g s y s t e m. The Kydex s t r a p was
t hre a d e d thro u gh t he f r i c t i o n maze of
a c o mm e r c i a l l y a v a i l a b l e ABS p l a s t i c
b e l t b u c k l e t o a s s u r e r e p e a t a b i l i t y
of p o s i t i o n i n g and t o pro v i d e quick -
d i s c o n n e c t c o n v e n i e n c e . The m a t i n g
p a r t of t h e b u c k l e was a t t a c h e d t o
t he whe e l c ha i r by a Kydex s t r a p wi t h
s c r e w h o l e s t o p e r m i t i n i t i a l
a d j u s t me nt and se mi p e rma ne nt a t t a c h -
me nt . The body  of t he Kydex s t r a p  wa s
pa d de d and c o v e re d wi t h v i n y l . The
sy s t em ha s fu nc t i o ne d s a t i s f a c t o r i l y
w i t h a d i f f i c u l t , h i g h l y s p a s t i c
c l i e n t . T h i s d e v i c e was p a t t e r n e d
a f t e r an a p p a ra t u s de v e l o p e d by Shaw
a t t h e  U n i v e r s i t y  o f Te nne s se e .

C. Knee Bl o c k P o s i t i o n i n g and Qu ic k
Di s co nne c t

P ro b l e m: Co mmerc i a l l y a v a i l a b l e knee
b l o c k s a r e s e c u re d wi t h b e l t s whic h
do no t ma i nt a i n pro p e r p o s i t i o n i n g .

I t i s o f t e n n e c e s s a r y t o c u s t o m
c o n t o u r t h e k ne e b l o c k i n s e r t t o
c o m p e n s a t e f o r l e g l e n g t h
d i s c r e p a nc y .

Two S o l u t i o n s : Thi s f a c i l i t y de s i gne d
a t e l e s c o p i n g p o s i t i o ni n g and ho l d i ng
sy s t e m. The l a r g e r o r r e c e i v e r t u b e
was s e c u r e d u nd e r an End u ro ma n u a l
w h e e l c h a i r . The s m a l l e r t u b e was
s e c u r e d t o t h e f r a m e of t h e k ne e
b l o c k . A d e t e n t o r s p r i n g  -  l o a d e d
c a p t i v e b a l l was u s e d t o p r o p e r l y
p o s i t i o n t h e a s s e m b l y . T h i s s y s t e m
h a s f u n c t i o n e d s a t i s f a c t o r i l y fo r
mo re t h a n a y e a r i n a v e r y h a r s h
e nv i ro nm e nt . Ano ther sys tem c u r r e n t l y
i n de v e l o p me nt w i l l u s e r i g i d Kydex
s t r a p s and b e l t b u c k l e s . See Phot os
#3 & 4. A Kydex s t r a p wi t h re g u l a r l y
s p a c e d ho l e s w i l l be us ed t o a t t a c h
o n e h a l f o f t h e b u c k l e t o t h e
whe e l c h a i r .

t•

Phot o #3. Knee Block P o s i t i o n i n g and
Quick Di sc o nnec t

P h o t o # 4 . Knee Bl o c k Fra me c a n be
Formed Around Custom In s e r t

D. T h o r a c i c A n t e r i o r - La t e r a l Su pp or t
wi t h Swinga wa y Fe at ure

P r o b l e m : Some a p p l i c a t i o n s demand
l a r g e , pad ded a nt e r i o r  -  l a t e r a l c he s t
s u p p o r t s f o r wh i c h t h e r e a r e no
a p p r o p r i a t e swi nga wa y  b ra c k e t s .

S o l u t i o n: This f a c i l i t y  d e v e l o p e d an
a n t e r i o r  -  l a t e r a l s u p p o r t f o r a v e ry
s t r o n g a nd a c t i v e s p a s t i c c e r e b r a l
P a l s i e d i n d i v i d u a l . A p o s i t i v e l a t c h -
i n g swinga wa y d e v i c e was fa b r i c a t e d
u t i l i z i n g Mi l l e r s ha rdwa re . See Photo
#5 . The s e s u p p o r t s ha v e f u n c t i o n e d
s a t i s f a c t o r i l y fo r ov er a ye ar i n an
e x t r e m e l y h a r s h e n v i r o n m e n t . They
ha v e b e e n i n v a l u a b l e i n s a f e l y and
p ro p e r l y p o s i t i o n i n g a ve ry d i f f i c u l t
c l i e n t b y c o n s t a n t l y c h a n g i n g ,
non - profe ss ional c a r e  p ro v i d e r s .

V- 4

s

P h o t o # 5 . La r g e Cu s t o m - C onto u re d
A n t e r i o r  -  L a t e r a l S u p p o r t w i t h
Swingaway Attac hment and P o s i t i o n i n g
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E .  Q u i c k  D i s c o n n e c t s  f o r  L i n e a r Discussion

Positioning Devices
The need for better and less expen-
sive fasteners and quick- disconnects
for post ura l se atin g a nd m obil ity
systems will continue forever. It is
p a r t i c u l a r l y  i m p o r t a n t  t o  h a v e
attachment devices that can be easily
and correctly used by non - technical
personnel but that can conveniently
be adjusted by rehabilitation profes-
s i o n a l s .  H o p e f u l l y , s o m e  o f  t h e
de v i ce s  de s c ri b e d h e re i n  w i l l b e
improved by others and made available
as commercial products.

Pr o b le m : Tw o li ne ar  p os it io ni ng
device s, af ter Ke rry J ones e t.al,
we re  de v el op e d f or  t w o b ro th e rs .
After the systems were delivered, the
care providers asked for a quick -
disconnect feature for removing the
stretcher and cushion assembly from
the wheeled base.

Solution: A gravity - loaded lock was
installed at the point of rotation
where the stretcher attached to the
wheel base assembly. See Photo #6.
Quick disconnect pins, captured -ball
type, w ere ins talled  at the  point
where the tilt brakes attached to the
wheel base assembly. This equipment
w a s  r e c e n t l y  p u t  i n t o  s e r v i c e .
Reliability and performance have not
yet been determined.

Photo #6. Linear Positioning Devices
for Two Brothers Frozen In Full-Body
Extension. Quick Disconnects permit
Separation of Stretcher and Base

1 1 " ?

"k
i
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P 1 . 5
A NE W  ME T HO D T O  AS S E S S  T HE  DYNAMI C  R E AR  S T ABI L I T Y O F  O C C UP I E D W HE E L C HAI R S

Geo rge G .  Majaes s ,  R .  Lee Kirb y & S tac y A.  Ac kroyd - S to larz
Divis io n o f P hys ic al Med ic ine an d  Rehab ilitat io n

Dep art ment o f Med ic ine ,  Dalh o us ie  Unive rs ity
Halifax, No va Sc o tia,  Canad a

ABSTRACT

A new me tho d  was  d evelo p ed  fo r t he as s es s ment o f
the d yna mic  rear  s ta b ili ty o f o c c up ied  wheelc hairs .
S tud ies  were c arried  o ut b y having eac h o f 16 ab le -
bo d ied subjec ts , seated in a wheelc hair, ro lling
bac kward d o wn a 3°  ramp,  guid ed  b y s ide - rails ,  and
co llid ing with an o b s tac le at  the b o tto m o f the ramp .
T he des ired extent of the tip was ac hieved by
titra t ing  the  lau nc hing d is ta nc e. T he end p o int was
ind icated by a s imp le ad jus tab le devic e. T he
p re -  imp ac t wheelc hair s p eed  was  meas ured  us ing a
p air o f p ho t o elec t ric  g ates  2 0 c m a p art . T h e me an
(S D) s p eed  at  which a thres ho ld  t ip was  induc ed  was
0.63 (0.06) m/s . T he reliab ility (n  =10) was  r =0.92
(P  <0.001). T his  t ec hniq ue is  s imp le,  s af e,  rel iab le

and  p r ac tic a l and  it  s ho uld  h ave us eful a p p lic a tio ns
in the evaluat io n o f wh ee lc ha ir stability in bo th
clinic al and  res earc h s ett ings .

INTRODUCTION

Mo r e t han  7 50, 000  p e o p le in th e Unit ed  S t ate s  u s e
a wh ee lc ha ir  o n a re gu la r b a s is  (2 ). An es t ima ted
3.3 % o f them und ergo a s erio us  wheelc hair -  related
ac c id ent eac h year,  with falls  and  tip s  co ns tituting b y
far the greates t  p ro p o rtio n (2).  ' Exces s ive wheelc hair
s tab ility  may hin d er  p e rfo rma nc e  (1 ). Wheelc hair
s ta b ilit y is  th ere fo re an  imp o rta nt  c o ns id e ra tio n in
wheelc hair d es ign and  s elec tio n. Altho ugh s tand ard s
have been develop ed  fo r tes t ing the s tat ic  s tab ility o f
wheelc hairs  o c c up ied  b y tes t  d ummies  (3), and  f o r
tes t ing the d ynamic  s tab ility o f p o wered  wheelc hairs
(4), to  d at e t he re  a r e no  n a tio n al o r  int er n at io na l
standard s fo r the tes ting of d ynamic stab ility of
manually  p o were d  wheelc hairs . S o me exp e rime ntal
wo rk has  b een rep o rted  o n d ynamic  fo rward s tab ility
(5,6), b ut no n e o n d y namic  r ear s ta b ility.

In this stud y, we rep o rt the d evelo p ment o f  a
metho d to assess the d ynamic rear stab ility of
oc c up ied  wheelc hairs .

METHODS

Sixteen ab le -  b od ied s ubjec ts were s tud ied  with their
info rmed  c o ns ent. T es ts  were  c ar rie d  o u t u s ing  a
2.5 -m -lo ng p lywoo d  ramp , the s urfac e o f whic h was
mark ed  in 5 -c m inte rvals  s tar t ing  fr o m the b o t to m
(F ig 1). Bac kward  wheelc hair tip s  were pro d uced  b y
havin g th e o c c up ie d  whe elc h air ( E&J Mirag e),  with

the  s ub jec ts '  arms  in their lap s , des cend th e  ra mp by
gravity a lo ne,  and c o me  to  a s to p  b y  c o ll id ing  wit h a
19 -c m -high metallic  o b s tac le at  the do wnhill end  o f the
ramp . T he d egree of the ramp inc linatio n (3 °) was
determined  by p ilo t  test ing. To  ensure a s traight d esc ent,
such that bo th rea r whe els  s tru c k the o b s tac le at the
same t ime,  48 -c m -high side -rails were used.

The thres ho ld  s peed  (T S ) neces s ary to  p ro d uce a d efined
tip  o f a pred etermined  extent is  related  to  the wheelc hair
d is tanc e b etween th e s tart in g p o s it io n  o f the wheelc hair
and  the o b s tac le. T his  was  t itrated  in 5 -c m inc rements
up  the ramp  until the T S  req uired  fo r t ip p ing was  fo und .
A p air o f p ho to elec tric  gates,  20 c m ap art  at  the b o tto m
o f th e r amp , tu rn e d  a  t ime r  o n  a n d  o ff , p ro vid ing the
time elap s ed  (to  th e near es t  0.0 01 s ) fo r th e whee lc hair
to travel the dis tanc e between the gates, allo wing
calc ulatio n of the s peed  (m /s ).

The device used  to  ind ic ate the end p o int (a thres ho ld  t ip )
c o ns is ted  o f a light s h arp ened ro d  whic h was  fas tened
vert ic a lly  to  the  re armo s t  as p ec t  o f  th e lo wer  fr ame  o f
the wheelc hair, behind the rear -wheel axles. This
lo c at io n r es ulted  in a d es c e nt o f  the ro d  with eleva tio n
of the cas ters  (F ig 2). The extent o f the d es ired  t ip  was
c o ntro lled  b y the d is t anc e b etwee n the lo wer  end  o f the
ro d  and  a mark ing s ys tem (we us ed  a s trip  o f mas k ing
tap e) mo un t ed  a t the bo tto m o f  t h e  r a mp . Fo r this
stud y,  the extent o f c as ter lif t  fro m the ramp s urfac e was
s et  at  4 c m.

Rep ro d uc ibility of the d ata was  evaluated  b y rep etitio n o f
the tes t ing p roc ed ure at  the detected  thres ho ld  dis tanc es .
A sp o tter was pres ent at the bo tto m of the ramp ,
alt ho ug h th e wh ee lc ha ir  was  alwa ys  f ar  f ro m a fu ll  t ip
with this  inc remental thres ho ld  metho d . When a greater
extent o f t ip p ing was  p ermitted  o r the end p o int was  no t
ap p ro ac he d  in  a n in c r emen ta l wa y (in p ilo t  wo rk ),  t he
vio lenc e o f the t ip  and  the  ris k o f injury inc reas ed .

RESULT S

All sub jec ts to lerated the pro ced ure witho ut und ue
anx iet y a nd  wit ho u t inju ry o r inc id e nt. T he p ro c ed ure
c o uld  b e p erfo rmed  b y a s ing le inves tigato r in les s  than
5 minutes . T he mean (S D) s p eed  o f the c hair  to  ind uc e
a thresho ld  tip  was 0.63 (0.06) m /s . T he reliab ility,  b ased
upo n repeat tes ting o f 10 s ub jects,  was  r  =0.92 (P <0.001),
and  there was  no  s ignific ant d ifferenc e b etween the d ata
fro m the firs t  and  s ec o nd  tests  us ing a matc hed  -p airs  t-
te s t .  T h e me an differenc e (S D)  was 0.001 (0.031) m/s
(P= 0.95). The c o rrelatio n with static  stability tes t ing was
r =0.007 (not s ignific ant).
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Dynamic  Rear Wheelc hair S tab ility

DISCUSSION

T he tes t ing  p r o c ed ure  p ro vid es  a  s imp le ,  s afe and
reliab le metho d  to  tes t  the d ynamic  rear s tab ility o f
occ upied wheelc hairs . T he ab ility to co ntro l the
end p o int (the extent o f whe elc ha ir t ip ) and the
inc remental ap p roac h ad d imp o rtant safety
dimens io ns by eliminat ing hazard ous vio lent tips.
T he  p a s s ive nat ur e o f t his  me tho d , in c o mp aris o n
with having a s ub jec t  p ro p el a wheelc hair up  a ramp ,
provides a means b y whic h anthro p o mo rp hic test
d ummies  c an b e tes ted  as  eas ily as  human s ub jec ts ,
es p ecially if  full wheelchairs  t ips  are c o ntemp lated .

T he lack of co rrelatio n between the static and
dynamic rear stability tes ting data indicates that
d ynamic  s tab ility c anno t b e ac c urately p red ic ted  b y
static  stability tes t ing.

When c o mp aring the stab ility o f d ifferent s ub jects ,
the he ight o f the  wheelc hair  frame  may vary d ue to
so me flattening of p neumatic tires with heavy
sub jec ts. This wo uld pro duce a clo ser res ting
pro ximity o f  t h e metal rod tip in relatio n to the
tap e, caus ing the end po int to occ ur with less
bac kward  t ip ping. T his  p ro b lem c an b e elimin ated
by ad justing the d is tanc e between the ro d  t ip  and  the

tape.

We ho p e that this new metho d for asses sing the
dynamic  rear s tab ility of o c cupied wheelc hairs  will b e
us eful to  c linic ians  and  inves tigato rs  invo lved  in the

evaluation o f wheelc hair s afety.
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F ig 1.  Oc c up ied  whee lc hair ro lling b ac k ward  d o wn
the ramp . Sid e -rails  are no t s hown.
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F ig 2.  Devic e fo r d etermining the end p o int,  a s harp  ro d
att ac hed  t o  the  r ear mo s t p ar t  o f  th e wh eelc h air f ra me
jus t  b efo re t ip p ing (to p ) and  after (b elo w),
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PIA CUSTOM MOLDED SEATING AT NORTH DAKOTA'S DEVELOPMENTAL CENTER

Don Olson, Ken Reiss, Byron Poppenhagen, and Kevin Matheson
Adaptive Equipment Services (A.E.S.)

Developmental Center
Grafton, North Dakota

ABSTRACT

This paper describes the approach to
provision of custom molded seating devices
for persons who have severe physical
disabilities. The current service is  the result
of nearly eight years of work and change
involving clients, seating specialists, and
therapists.

The service delivery system's components of
information gathering, simulation, and
fabrication are discussed.

The fabrication process is described in detail,
as it represents a unique approach. The
process offers advantages in wheelbase
interfacing, client comfort, appearance, and
cost savings.

INTR ODUC TION

The Adaptive Equipment Services area has
been providing on -site custom seating
solutions for person who have severe
developmental disabilities since 1982.
Starting as a one - person operation, the
program is currently staffed by a physical
therapist, four Bachelor -level specialists, and
two technicians.

Adaptive Equipment Services works closely
with the Physical and Occupational Therapy
Service areas to  identify  clients in  need of
customized seating devices.

Currently , 85 of the 223 persons who reside
at the Center have significant spine and
pelvic deformity. These individuals require
custom molded seating devices in  order to
maximize comfort, manage orthopedic
deformity, and enhance function.

Although commercial alternatives are
available, providing on -site services to these
individuals allows for greater customization,
while reducing cost significantly.

INITIAL FITTING /SIMULATION

The fitting process uses an interdisciplinary
team approach consisting of the client, a
physical therapist, an occupational therapist,
a seating specialist, a direc t care provider,
and other persons important to the client.

Information regarding the client's medical
history, orthopedic status, daily routine,
likes /dislikes, skills, transportation, and
wheelbase requirements is gathered and
discussed. Goals describing the expected
outcomes of the equipment are outlined by
the Team.

The fitting /simulation is done using the
molded chair shown in Figure 1. The system
uses vacuum dilatancy technology common to
other commercially  available simulators.

Once the client is positioned comfortably and
the team is satisfied with the orthopedic
and /or functional results, the client is
transferred out of the simulator, and the next
phase of the process begins.

Figure 1
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CUSTOM MOLDED SEATING

MOLD PREPARATION

The negative impression left by the client in
the simulator is  filled first with about one-
fourth inch of plaster and water. The
remaining void is filled using four (4) pound
rigid urethane foam. Once set up, the
vacuum is released and the positive model
is removed from the simulator.

In  nearly  every case, some modification of
the positive model is necessary in  order to
achieve desired orthopedic and comfort
outcomes. For instance, plaster is often
added to  bony prominences at risk for skin
breakdown, allowing for greater relief in the
seating device. Care is taken to ensure a
close fit along the lateral trunk, especially
under the axilla, where a loose fit can cause
discomfort along the upper arm.

Flexible components of scoliosis present can
be corrected while in the device by taking
plaster away from areas on the mold where
corrected forces are desired. In fact, for
adults who have collapsing scoliosis, a molded
seating insert has been used successfully as
an alternative to spinal bracing via a
thoracolumbosacral orthosis (T.L.S.O.)

FABRICATION OF SEAT AND BACK

For adults, the seat and back portions are
made separately by sectioning the positive
mold at the waist. For smaller children, the
insert can be formed in  one piece.

First, one -half inch of a medium density
closed cell foam is placed with tape. Then,
using vacuum assisted thermoforming
techniques, 3/16 inch ABS or Kydex plastic
is drawn over the mold, taking the shape of
the individual. The foam serves as a barrier
between the person and the rigid plastic, and
improves comfort.

INTERFACING

Interfacing of the seat and back to each
other and to the wheelbase is custom.
Square or round steel tubing of one -half to
one inch is  used to  join the seat and back
components, using the intact positive model
as a guide in  order to  maintain the seat to
back relationship.

The metal is bent and welded, conforming to
the contours of the seat and back, as seen in
Figure 2. Note that enough space is allowed
between the metal supports for x -ray
documentation of the spine.

o ,

Figure 2

Interfacing the insert to  the wheelbase can
be simple, or complex, depending on
individual needs. Some people require only
that the insert be secured firmly the base,
in which case drop hook interfacing is
sufficient.

Others may need the insert to  detach from
the base, or they may require recline -in -space
on a b ase th at does not offer this feature.
These features can be added to standard
bases, using custom interfacing.

Thus, this method of interfacing allows for
flexibility in wheelbase selection, and can be
especially useful in institutional settings where
funds to purchase appropriate wheelbases for
all clients is  not available.

SUBSEQUENT FITTINGS

Once the seat and back are formed and
interfaced to a wheelbase, a second fitting
with the client is  held. During this session,
the back is marked and excess plastic is
trimmed for comfort. The seat is checked
for proper depth.
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CUSTOM MOLDED SEATING

Pelvic stabilization is discussed. We have
used both standard pelvic belt support and
rigid pelvic stabilizers on these systems.
Pelvic belts  are placed directly into the seat
and are adjustable underneath using two
cam -lock buckles. Hardware for rigid
supports is welded directly to the seat
interface.

Other supports for the anterior trunk, upper
extremities, lower extremities, and head are
also addressed at this session.

SYSTEM COMPLETION

The last phase of fabrication involves vacuum
forming upholstery to the seat and back,
painting all metal interface components, and
installing additional supports discussed at the
second fitting.

Delivery of  th e system is done at a final
fitting session. Plans for sitting time, staff
inservice, and follow -up are made at this
time.

DISCUSSION

The total time from initial fitting to delivery
varies with complexity  but is  about ten (10)
working days. The cost of each system
vanes as well, but is  about $1200 to  $1500
for materials and labor. This compares to
about $2500 for a device obtained
commercially through a private vendor.

Regardless of cost benefits to the agency, the
benefits to the client can be seen in
increased customization, timely modification,
and overall comfort. The low profile fit and
upholstered surfaces improves the individual's
appearance, according to  staff and families
we have served.

The development of this service, purchase of
equipment, and hiring of staff has occurred
gradually over the past eight years, so impact
to the agency's overall operating costs has
been modest.

The cost to an agency to develop on -site
services would be high initially, but could
prove feasible in  the long term, resulting in
improved client service.
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Development of a Protective Helmet for
Persons with Disabilities

S.E.Ryan, G.Belbin, M.Slack, S.Naumann, and R.Moran
The Hugh MacMillan Rehabilitation Centre

Toronto, Ontario, Canada

Abstract

This paper describes the development
of a system for economically
dispensing protective headwear to
provide effective head and facial
protection for individuals who
frequently fall.

The new helmet consists of three
parts which must be adjusted, located
and secured in place by an orthotist
during a fitting.

Results from biomechanical testing,
clinical trials, and a preliminary
cost analysis indicated that the
research helmets can offer the same
degree of protection as custom- -
fabricated versions yet be dispensed
through a headwear clinic in about
two to three hours for less than 40%
of the cost.

Background

Many children and adolesccnts with
neuromuscular and seizure disorders
have falls which can result in severe
head and facial injuries unless
appropriate headwear protection is
provided. Commercial sports helmets
provide protection for the cranial
vault, however, they tend to be
uncomfortable to wear due to their
weight and poor ventilation. In
addition, the level of protection
provided by this type of headwear is
inappropriate in many cases.

Custom - fabricated helmets are
functional alternatives to the
commercial systems available (Belbin
and Giavedoni, 1987). This approach
has proven to be clinically effective
in providing appropriate protection
for the head and face.

It was proposed, however, that the
same degree of protection could be
afforded to a many individuals faster
and at a reduced cost if a modular
design, custom - fitted version could
be created (Hill et al, 1987). This
paper describes the completion of the
project which was undertaken to
develop this approach to providing
functional headwear.

Design and Development

P1.7

The.new helmet developed consists of
three parts: an anterior section,
posterior section and a chin
protector. Each part is comprised of
a hard polyethylene outer shell and
a soft polyethylene foam liner. Both
parts are industrially fabricated in
two sizes to accommodate children
from ages 5 -19 years. The anterior
aspect of assembled helmet is
configured to extend out to provide
clearance for the face following a
forward fall (Figure 1).

To minimize the number of sizes
required, while creating a helmet
which maximized the number of
individuals served, two sizes were
created: a junior size to fit
children nominally 5 -12 years of age
and a senior size for individuals up
to 19 years old. The anatomical
criteria for determining the
appropriateness of the research
helmet for individuals were related
to m e a s u r e m e n t s of h e a d
circumference, head length and head
breadth. The recommended ranges were
specified for both sizes to provide
anthropometric guidelines for the
orthotists fitting the research
helmets. Individuals with head
measurements outside these ranges
were generally judged to be
candidates for the custom- fabricated
helmet.

Evaluation

(a) Biomechanical Testing

Both quantitative and qualitative
biomechanical tests were conducted to
evaluate the protective nature of the
helmet:

At the biomechanical test laboratory
at Cooper Canada Limited, the helmet
was tested to evaluate its' ability
to meet the impact attenuating
requirements of the Canadian Standard
Association (CSA) for hockey helmets.
For the cranial areas tested, the
transmitted forces measured were
below the threshold limits set in the
CSA Standard.
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De v e l o p m en t  o f  P ro t e c t i . ve  H e l m e t

T o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  t h e
he l m e t  in  o f f e ri n g  f a c ia l  p r o te c t i o n ,
a n  i m p a c t  t e s t  r i g  w a s  d e s i g n e d  a n d
c o n s t r u c t e d . S i n c e n o v a l i d
ac c e p t a n c e  l im i t s  f o r  e v al u a t i n g  t h i s
a s p e c t  o f  p r o t e c t i o n  w e r e  a v a i l a b l e ,
t h e r e l a t i v e p e r f o r m a n c e of t h e
r e s e a r c h an d custom - fabricated
h e l m e t s  w e r e  i n v e s t i g a t e d . I m p r i n t s
of h e a d f o r m e x c u r s i o n d e m o n s t r a t e d
th a t  a p r o pe r l y  f i t  p ro d u c ti o n  he l m e t
ap p e a r e d  to  p r o v i d e f a c i a l  pr o t e c t i o n
at l e a s t e q u a l to t h a t  p r o v i d e d  b y
t h e  c u s t o m - f a b r i c a t e d  v e r s i o n .

( b )  C l i n i c a l  T r i a ls

N i n e c h i l d r e n h a v i n g v a r i o u s
n e u r o m u s c u l a r  a n d  s e i z u r e  d i s o r d e r s ,
a n d w h o w e r e u s e r s of custom -
f a b r i c a t e d  h e l m e t s , p a r t i c i p a t e d  i n
t h e c l i n i c a l e v a l u a t i o n of t h e
m o d u l a r h e a d w e a r . I n i t i a l l y , t h e
c h i l d r e n  w e r e  m e a s u r e d  t o  d e t e r m i n e
t h e  s u i t a b i l i t y  o f  t h e  h e l m e t  b a s e d
o n  a n t h r o p o m e t r i c  v a l u e s  s u g g e s t e d .
F o r s u b j e c t s j u d g e d s u i t a b l e , t h e
he l m e t s  w e r e  c u s t o m  f i t  b y  o n e  o f  t h e
t w o  p r o j e c t  o r t h o t i s t s .

C l i n i c a l  t r i a l  p e r i o d s  l a s t e d  s i x  t o
t e n w e e k s . T h e p a r e n t s an d t h e i r
c h i l d r e n  r e t u r n e d  t o  t h e  c l i n i c f o r
a f oll ow  -u p vis it  wh er eup on  th ey w e r e
a s k e d  t o  j u d g e  s p e c i f i c  f e a t u r e s  o f
t h e  h e l m e t  a n d  r a t e  i t s  p e r f o r m a n c e .
T h e  p r o j e c t  o r t h o t i s t s
w h o p e r f o r m e d t h e i n i t i a l f i t t i n g s
i n s p e c t e d  a n d  e v a l u a t e d  t h e  s e r v i c e
c o n d i t i o n  o f  t h e  d e v i c e s . Cl i n ic a l
i m p r e s s i o n s of th e post -trial fit
w e r e  a l s o  s o l i c i t e d .

Figure 1

D i s c u s s i o n

T h e  r e s e a r c h  h e l m e t  w a s  f o u n d  t o  b e
an o r t h o t i c d e v i c e w h i c h c o u l d be
r e a d i l y d i s p e n s e d i n a cl i n i c a l
s e t t i n g  i n  o n e  a p p o i n t m e n t . O n  t h e
av e r ag e , it r e q u i r e d tw o h o u r s t o
me a su r e,  ev a lu a te  an d  f i t t he  cl i en t .

C o m m e n t s f r o m c a r e g i v e r s s u g g e s t e d
th at th e h e l m e t wa s well- received.
Th e y  a p p re c i at e d  t h e  s p e ed  w it h  wh i c h
t h e he l m e t wa s fi t , th e co s m e t i c
a s p e c t s  o f  t h e  h e l m e t , a n d  f o r e m o s t
th at  it  of f er e d t he  p r ot e ct i on  ne e de d
f o r  t h e i r  c h i l d r e n  d u r i n g  t h e  t r i a l
p e r i o d . T h e e x t e n t to wh i c h the
he l me t  ha d  me t  c a r eg i v er  ex p e ct a t io n s
an d  i t s r a te d  o v er a l l p er f or m a nc e  a r e
s h o w n  i n  F i g u r e s  2  a n d  3 .
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D e v e l o p m e n t  o f  P r o t e c t i v e  H e l m e t

At  t h e  f o l l o w - u p  ap p o i n tm e n t s , s o m e
a d j u s t m e n t s t o  l o o s e n the chin c u p
we r e m ad e  a s  t h e f it  wa s  t o o s nu g  a n d
c a u s e d  s o m e  d i s c o m f o r t . T h e  h e l m e t
ap p e ar e d to p r o v i d e th e p r o t e c t i o n
r e q u i r e d  f o r  t h e  c h i l d r e n  t e s t e d ,  a s
ev i de n ce d  b y  t h e i nj u ry  -f r ee  se r vi c e
pr o v i d e d . Ge n er a l ly ,  it  wa s  du r a bl e ,
ho w e v e r , l o n g e r  t e r m s t u d y  w i l l b e
ne c e s s a r y to d e t e r m i n e the s e r v i c e
li f e  o f  t h e  h e l m e t .

P r e p a r a t i o n is u n d e r w a y t o
c o m m e r c i a l i z e th e h e l m e t s th r ou g h
V a r i e t y  A b i l i t y  S y s t e m s  I n c o r p o r a t e d
(V AS I) . It is e n v i s a g e d th at th e
he lm e ts  wi l l b e a va il a bl e  i n  k i t f or m
to c e r t i f i e d o r t h o t i s t s on l y af te r
th ey h a v e ta k e n a tr a i n i n g c o u r s e
w h i c h  i n s t r u c t s th em on the pr o p e r
a s s e m b l y  a n d  f i t t i n g  p r o c e d u r e .
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COMPARISON OF "KEANE" AND "ROTO- REST" KINETIC BEDS

Peter C. Werner, MD t, Eric E. Sabelman, PhD *

tPhysical Medicine & Rehabilita tion, Santa  Clara  Valley Medical Center
* Rehabilitation R &D Center, Palo Alto VA Medical Center

A B S T R A C T

Acute spinal cord injury (SCI) patients  are frequently
placed in cervical tra cti on on a  k ine tic  be d, which
reduces risk of pressure sores and respiratory or
vascular complications by continuous side - to-side
til t ing. Two types  of kinetic  bed were  compared in
clinical use; problems with secure hand ling of SCI
patients were  qualita tively documented. The Keane
bed was  found to have advantages  mainly re la ted to
convenience of use , but had remediable safety- re lated
defic iencies  compared to the RotoRes t bed.

B A C K G R O U N D

The purpose of a rota ting bed is the reduction
of prolonged pressure on any one area of the
skin, which induces  decubitus ulcers  (pressure sores),
and impro vement in venous  circula tion, to prevent
thrombosis.  Acute  cervical spinal injury patients have
the additional requirement  of maintenance of spinal
alignment during rotation (typically 60° to e ither s ide
of ve rtic al [1 ] , s o tha t ri sk o f add itio nal t rauma to
the  spinal cord is minimized. The des ign problem is
one of providing support for the back and s ides  of the
neck and base of the skull  so that any applied moment
causes change in intervertebral angle lower in the  spinal
column (C6 -C7, C7 -T1 or lower) ra ther than a t the
level of injury.

Continuous  side  - to-s ide ti lt ing may be performed on
the Keane (Mediscus  Group, Buena Park, CA) [2]  or
"RotoRest" beds (Kinetic  Concepts , Inc., San Antonio,
TX). Beneficia l effects of kinetic therapy on pulmonary
function and venous circulation are  cited by Schimmel,
et al.[3], Green, et al. [41and Milazzo and Resh, [5].

Constancy of traction force and cervical spinal stability
during turning on kinetic beds  is poorly documented.
One experimental s tudy is  that of Keane [6] , in which
an i ns trumente d d ummy  i n tr ac ti o n wa s  tu rned  b y
experienced practit ioners. Meinig, et al. [7] found
cyclic variation in traction force of 50% during turning,
in addit ion to trans ient varia tion wit h manip ulation
by a t tenda nts . Others [8,9] have made radiographic
measurements  during turning while  in traction, finding
neck angular motion of 2 to 9 *. In our previous  work
[10], we measured traction force and head /chest motion
in cervical SCI patients  on the  RotoRest bed a t 7.5 0

head -up inclination, finding that traction varied from
44% to 145% of the nominal 10 lb force.

M E T H O D S

The  Sp inal Co rd Inj ury Uni t a t  Santa  Cl ara  Vall ey
Medical Center has  used the  RotoRes t bed for seven
years. Whil e  t he  Rot oRe s t bed has  been generally

satisfactory, it  was decided to c linically evaluate the
Keane bed when it  became available locally. During
the 6 -week tria l period a ll eight SCI patients  requiring
cervical traction were placed on the Keane bed.

R E S U LT S
Head Support

The available  adjus tment of the  head support parallel
to the  body axis  is  8 inches  in the  RotoRes t bed and
only 4 inches  in the  Keane bed, before  the  supports
fall out of the ir guide tubes [Figure 11. Fitting
the Keane head supports to some patients  requires
pulling the  support brac ket near ly o ut o f the  tu be.
In five  instances  with three  patients  a  bracket came
loose, in one case  requiring manual support until  the
bed could be  brought to horizontal. Because of the
large adjustment available on RotoRes t head supports,
similar disconnections have not occurred.

FIGURE 1: Range of head support adjustment -
Keane bed

A second problem with the Keane head supports  arises
from the soft earpieces  (11 inch highly - collapsible soft
open -cell foam). While the  patient has  Gardner -Wells
tongs  in place , the  knurled knobs  of the skull  fixation
screws protrude about three  inches latera lly. As  the
bed turns  increas ingly to one s ide , the  soft earpiece
foam compresses and allows the head to slide laterally
downward,with the result that the Gardner -Wells knob
runs  into the  head support tube [Figure  2] . As the bed
turns further, the  knurled knob s lips  off the  support
tube with further sudden la tera l head movement and
slight head rotation oppos ite  to bed rotation. Because
of the metal- to-metal contact and sudden release, there
is  a  loud "clunk" which is  dis turbing to the  patient,
especially when s leeping. This  phenomenon occurred
with two patients during the tria l period.
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K IN E T IC  B E D  C O M P A R IS O N

— 0'

FIGURE 2: Impingement of Gardner- Wells knob
on head support tube (arrow)

The RotoRest bed is less subject to this problem
because its  head support pad cons is ts  of a sandwich
of s inch noncompliant closed -cell polyethylene foam
bonded to 2inch soft open -cell  foam. Head movement
is much reduced during bed turning because the
earpieces are much less compressible.

A third cons i deration re la ting to the  head supports
is  that the  RotoRes t earpiece  a ttachment pla tes  can
swi vel  to  ad apt  to  the  p ati ent 's  hea d s hap e a nd to
distribute pressure between the zygomatic  arch and the
mandible [Figure 3- A]. The Keane earpieces cannot be

swiveled, and all of the head weight is supported by the
zygomatic arches alone during side lying [Figure 3 -B].

FIGURE 3: Earpiecepressure: A. RotoRest, B. Keane

Thoracic and Pelvic Support

In any rotating bed, if the thoracic and pelvic supports
are loose, the trunk will  slide  back and forth with bed
rotation, giving rise to skin breakdown from repeated
shearing rather than from perpendicular pressure.
Even more serious ly, large trunk movements  with an
immobilized head cause considerable neck motion. The
side supports  for ches t and pelvis  mus t therefore be
snug and immovable.

In both beds , the  s ide  supports  are  held in pos ition
by cam- type locks  bearing agains t the  unders ide of
the pla tform and are released when the  cam levers are
in a  vertical pos ition [Figure 4] . Not e  that on t he
RotoRes t bed, the  cam is  locked in both horizontal
pos itions  [A and B in Figure  4] . This  is  also true
for position C on the  Keane bed; however, in pos ition
D, the lever on the  Keane bed gives  the  illusion that
the  cam is  locked and providing pressure aginst the
platform, when it is not and a llows  the side supports

to move freely in their slots . Despite  an ins truction
plate  next to the  cam mechanism, cams were  found
to be  incorrectly pos itioned [as  in Figure 4 -D] in a
patient who on the  following day developed a  black
sacral eschar eventuating in a Grade III pressure sore
that required several weeks for complete healing.

7
-O-

A B

FIGURE 4: Locking lever: 1. RotoRest, 2. Keane

The incidence of superficial Grade I sacral sores, s lits
and red areas  increased during the  Keane bed tria l
period. The number of i l iac  cres t sores increased
as  well, probably by the  process  depicted in Figure
5. Because nurses  are aware  o f the  proble m with
insufficient head support adjustment length, they keep
the patient placed as far cephalad in the bed as
possible. This necessarily pulls the il iac crests against
the  inner inferior edge of the  ches t support panels ,
causing high pressure  on the  il iac  crests  during side
lying [Figure 51. As  a  result , two patients suffered
iliac  crest skin breakdown and many p atient s  had
non - blanching red areas  over the  iliac  crest. Only
one iliac  crest sore  is known to have occurred during
previous experience with the RotoRest bed. Il iac crest
breakdown is clinically important because it eliminates
the use of iliac crest donor bone for surgical fusion of
the spine.

ILLAC
CREST

PATIENT
M OVEM ENT

LI TERAL RESTRAI NTS

FIGURE 5: Impingement of side restraint on
iliac crest - Keane bed
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KIN E T IC "  B E D  C O M P A R IS O N

Articulating s ide  panels of the patient support surface
under the  mattress  on the  RotoRest bed (absent on the
Keane bed) enable the  patient's  hips  and shoulders  to

be ranged into extens ion and permit better access  to
the  patient 's  ches t for cardiopulmonary resuscitation
when the s ide  panels  are  folded down. Also, skull
fixation screws can be more pos teriorly placed during
insta llation of a  halo ring because there  is more room
for the torque screwdriver [Figure 6] ; the  posterior pins
are  thus more nearly oppos ite the frontal screws.

S K U LL P IN S

HINUED
PLATFORM

TORQUE
SCREW-
DRIYER

FIGURE 6: Hinged side platforms and halo
screw insertion - RotoRest bed

DISCUSSION
With regard to head supports , the  twofold difference
betwe en Ke ane a nd Ro toRe s t ad jus tments  is  by  far
the  mos t important distinction between the  two beds ,
because it re lates directly to cervical spine safety.  The
difference in cam des ign between the two beds re la tes
both to thoracic  spinal s tabili ty and to the  ri sk of
pressure  sore development, and thus  is  probably the

second most important point of des ign comparison.

There are several areas in which the Keane bed appears
to be superior to the  RotoRes t bed, including:

1. Better overall  workmanship.
2.  Rotation is easily engaged and disengaged in any

position.
3.  Rotation angle can be se t with pushbuttons .
4.  A ono movement" alarm is  included.
5.  A support bracke t for  an e ndotra cheal  tube is

supplied.

The RotoRes t bed has  the following advantages when
compared to the  Keane bed:

1. Markedly greater cervical spine safe ty.
2. Lower likelihood of pressure sore development over

sacrum and iliac  crests.

3.  More trouble -free head support, especially for
patients with Gardner -Wells tongs.

4.  Opportunity for greater proximal joint range -of-
motion maintenance by Phys ical Therapy.

5. Greater ease of halo ring placement.
6.  Lowe r minimum bed height, permitting patient

care  by short nurses  without need for a footstool.
While each bed has advantages  over the other, it
seems that the  Keane bed's properties  re la te  mainly
to convenience of use  and improved appearance, while
the  RotoRes t bed has  advantages  re la ted to greater
cervical spine safety, lesser chance of.pressure sores and
improved patient care  and phys ical therapy. Except
for excess ive  minimum bed height, any shortcomings
of the  Kea ne bed are remediable by s imple des ign
modifications. As  it  is , the  Keane bed is  not yet
equivalent to the RotoRest bed with respect to patient
safety.

Recognizing the  need for b etter la tera l res tra int on
kinetic  beds , the VA has begun a pilot project to
inves tigate active  servomechanism control of patient
position. It is  hypothesized that active control of
segmental position, us ing feedback from sensors  that
pleasure  deviation of the  body from optimum spinal
alignment, will be  superior to conventional cushions .
The test environment cons ists of simulated body
masses  on a small -scale  bed, which operates with a
fas ter variable  rota tion cycle  than the 8- minute cycle
of the  actual bed.

Address  correspondence to E. Sabelman, m/s 153, Palo
Alto VA Hospita l, 3801 Miranda Ave., Palo Alto, CA
94304.
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P1.9
A Vin yl Vacu u m Fo rm in g Pro ces s Fo r C o v er in g FI P Sy s t em s

Nigel Shapcott, David VanNote, George Cook, Carol Kelly, Ted Bogue, J i m Lenker

Therapeutic Positioning Workshop, JN Adam Developmental Center, NY and
the Rehabilitation Technology Service, The University at Buffalo, NY

A b s t r a c t

This is paper describes a Vinyl Vacuum
Fo rming tec hniq ue for co ve ri ng foam in
place seating sys tems . This technique will
transfer to other centers who are us ing the
Dynamic Sys tems MEDIUM Foam In Place Kit,
or other similar sys tems.

B a c k g r o u n d

Foam in place (FIP) seating has exis ted in
vari ous forms with varyi ng degrees of
popularity for a number of years [O'Leary,
1981]. When properly used, FIP systems can
provide an excellent pos tural support sys tem
which evenly dis tributes loads imposed by
seated pos ition.

The foam in place approach is used as the
bas is for the Pin Dot Products Contour -U
Sys t em, as well as sys tems by Pyramid
Rehabilita tion Canadian Pos ture and Seating,
and Dynamic Systems.

Because of pressures to reduce the cost of
purchased compo nents (and also reduce the
risk of potentially expens ive failures), use of
the Dynamic Systems FIP kit has increased in
recent years. This low cost system requires
local fabrication of a chassis or "shell" to
cont ain the foam du ri ng the actual FIP
process and provide la tera l support to the
finished sys tem. The shells are normally
cons truc ted of hi gh dens ity pol yet hyl ene
(ABS) or plywood and then attached to the
base unit (typically a wheelchair).

Ob j e c t i v e

A limitation with the Dynamic Systems FIP Kit
technique, however, has been the lack of a
functional, es thetic and cost effective method
for covering the finished sys tems . Various
types of covering have been tried or are
cur re nt ly used: cus tom sewn uphols tery,
neoprene rubber with nylon material bonded
to one side, and lycra applied with adhesive -
all of which have disadvantages of cos t,
ap p e a ra nc e and /or fu nc ti o n. Va cu um
formi ng of vinyl covers has been used
su cc es s ful ly for a nu mb e r of ye a rs ,
par ti cul ar ly with Bead Se a ti ng sys t ems
[Hobson, 19831 and with the Contour -U system
[Silverman, 1982]. Therefore , a decision was
made to inves tigate the potentia l of vacuum
forming of vinyl covers as a cost effective
technique for FIP sys tems.

M e t h o d

The Dynamic Systems FIP kit is traditionally
used by mixing the foaming materia ls and
Pou ri ng them into a po ly et hy le ne bag
contained within the wheelchair "shell" on
which the client is pos itioned. The usual
provis ion process for a Dyna mic Sys tems
Foaming Kit involves a one piece seat/back
sy s t em.

In order to allow for Vinyl Vacuum Forming,
one must be aware of the constra ints imposed
by the size of the Vinyl Vacuum Forming
Machine itse lf. These cons tra ints vary from
machine to machine and are directly related
to the size of vinyl sheet the machine can
accommodate (usually around 28" x 32 ").

For all but the smalles t client, covering by
Vinyl Vacuum Forming is not poss ible for a
one piece system. A separate seat and back, in
most cases, will enable the Vinyl Vacuum
F o rm i ng proc es s to be ca r ri e d out
success fully. A separate head rest, where
appropriate, also reduces the effective size of
the ba ck c o mp o ne nt , s i mp l i fy i ng t he
cove ring process .

Re i nfo rc e me nt of the she ll 's s ides is
necessary to prevent the collapse of the FIP
shape. The reinforcement may remain part
of  the sys tem if desired or  may be provided on
a temporary basis.

Our method is to remove the completed shell
from the wheelchair and utilize it as the
means of support for the vacuum forming
process. When us ing the shell as the means
of support, though, 3/8" holes must be drilled
through the back to allow the vacuum to draw
through the FIP insert. Locating holes at the
points of the deepes t dra ws has proven
he l p fu l .

After the foam has suffic iently cured, the
components to be. covered are sprayed with
3M77 adhes ive and a 1/8" layer of open cell
foam is laid onto the surfaces to be covered.
This has two purposes. The first is to provide
a passage for air to escape during the vacuum
forming process, and the second is to help
"iron out" any wrinkles that might form
during the FIP process.

The va cu um fo rmi ng process has been
carried out with various inexpens ive Vinyl
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Vacuum Fo rming machines [Hob son, 1983]
[Shapcott, 1983]. We utilized a commercia lly
available "Shop Vac" with an added circuit to
control the speed of the motor, which in turn
facili ta ted cont rol of the vacu um. Our
s t r a te gy ha s be en to use full po we r
momentarily to form a vacuum seal, and then
immediate ly reduce the vacuum to 18 -20" of
water. This prevents significant deformation
of the cu shio n and exped ites the Vinyl
Va cu um Fo rmi ng process to ens ure true
thermop la s ti c deformat io n.

The vacuum is applied for approximately five
minutes or until the vinyl cover is cool to the
touch. The cushion vinyl is then removed
from the Vinyl Vacuum Forming machine for
stapling or other finishing methods .

It cannot be stressed strongly eno ugh that
the control of temperature during the Vinyl
Vac uum Fo rmi ng process is vita l to the
success of the operation. A common mis take
is to achieve the correct temperature of the
vacuum formable material, but to allow the
materia l time to cool below its thermoplas tic
state. It does not take long for a thin material
to cool s ignifi cantly while in an ambi ent
temperature of 70 -75 degrees F. The rate of
temperature drop has been measured at an
ini ti a l 5 degre es F /second (S ha w, 1991),
which impl ies that the temperature of the
vinyl would drop as much as 50 degrees F in
only 10 seconds.

It is somet imes difficult to perceive this
pro bl em because the atmosp her ic pressure
invo l ve d in the process will a llow the
materia l to stretch elastically to conform to
the shape to be covered. Any adhesive used
may hold the shape temporarily, but a true
thermop las tic formi ng will not have taken
pl ac e, and eve nt ual ly the mat eri a l will
"ha mmo ck" as it moves away from the FIP
s u r fa c e .

Precise control of the vacuum is also vital to
the success of the Vinyl Vacuum Forming
operation. This is particularly true with FIP,
where a deformable shape is being covered.
We found that the vacuum must be limited to
18 -20" of water. This pressure applies loading
to the FIP that is of the same order of
magni tu de as an individual s itt ing on the
cu s hio n. Note that to achi eve proper
accuracy, calibration should be carried out
us ing a water vacuum gauge.

R e s u l t s

When all the condi tions are controlled as
spec ifi ed, we have found that the s li ght
deforma ti on of the FIP dur ing the Vinyl
Vacuum Formi ng process recovers to give a

slight "wrinkling" of the vinyl cover. This
wrinkling reduces any hammo cking effect of
the cover when the weight of a person is on
the cushion.

Favorable comments have been received from
thera pis ts and care give rs , as well as
tec hni cia ns invo lved in co ve ri ng. This
process pro vid es a fu nc t io nal , du ra bl e ,
es thetic , easy -to -clean cover in a short time
and compares favorably to other methods .

D i s c u s s i o n

A caution here is to note that we have not yet
checked for any changes in pressure as a
result of the cove ring process . Therefore
pressure checks should be carried out to
ensu re that they are sa ti s f ac to ry for
pa rt i cu la r c l i ent s nee ds . We will be
examining this issue as well as the results of
working with different types and densities of
FIP Foams.

T e c hn i c a l In f o r m a t i o n

Mate ria ls :
Naugaform 4000
Adhesive 3M77
1/8 " -1/4" open cell foam
Dynamic Systems Medium FIP Kit

Devices :
Shop Vac, Model 800C, 12 gallon, 1,5 Hp

- Motor Speed Control - Power Control, #PCA-
1020, 8.3 amps, Ohmite.
- Gauge - 30" Water, 1490 A -02L, A s trength

Te mp e ra t u re :
300 F (for optimum Naugaform covering)

Va cu um :
20" water (maximum to avoid distortion of the
cushion shape)

A c k n o w l e d g e m e n t s

Funding for equipment was provided by JN
Adam Developmental Center, Perrysburg, NY.
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P1.10 The Customization of an Arm Slot Controller - A Case Study

Elizabeth A. Muik, Roy B. Davis, Cecile Dzielinski, Sue Craffey
Rehabilitation Engineering and Rehabilitation Services

Newington Children Hospital
Newington, Connecticut USA

Abstract:

A highly customized paddle switch array, similar in
function to commercially available arm slot
controllers for power wheelchairs, was designed and
fabricated for use with a Fortress 655. The process
of deciding to fabricate a custom device (as opposed
to the adaptation of a commercially available device),
as well as the specifics of the paddle switch array,
will be described through a case example.

Backgro un d:

From a rehabilitation engineering perspective, the
prescription of adaptive equipment involves the
consideration of several options: 1) purchasing a
commercially available piece of equipment; 2)
modifying a particular commercially available device
if extensive adaptations are not required; or 3)
designing and fabricating a custom device specific to
an individual. These options are listed with respect
to their associated priority. That is, in terms of the
overall cost of a particular adaptive device, the time
associated with partial or full customization typically
adds expense to the end product. The probability of
the success of a particular device, however, is quite
often enhanced by the appropriate utilization of
technical customization. This process will be
illustrated through the following example.

R.P. is a thirteen year old female with mixed athetoid
quadriplegia secondary to a near drowning episode
who received a power wheelchair to increase her
mobility and independence in school. A wafer
switch (#5018; Tash Incorporated, Ontario, Canada)
was originally prescribed to control her power
wheelchair (Fortress 655; Fortress Scientific,
Buffalo, New York) because it was felt that R.P.
could best operate her chair using five microswitches
with her left hand. However, the wafer board posed
several problems: 1) the surface area of each
pressure pad was too small; 2) the pressure pads
were too close to one another; and 3) the slight
indentation of the pressure pads made access difficult
because of her limited hand function and strength.
Following the use of the wafer board, an arm slot
controller (Prentke Romich Company, Wooster,
Ohio) was tried because of the larger surface area and
higher profile of the switch plates or keys. During
her trial period with the arm slot controller, it was
found that the accuracy of selecting specific keys
increased with R.P.'s arm fully extended and with
the slotted board positioned at the most distal end of
her arm and in the center of her tray. However,
when this was done other problems were realized:

1) R.P. showed difficulty with reaching the pads at
the ends of the array; 2) she could not consistently
generate the farce necessary+ to activate the keys
using her forearm; 3) the dividers between the slots
were too high for R.P. to use the keys sequentially;
and 4) with her present laptray, it was difficult to
secure the arm slot controller to her wheelchair. At
this point it was felt that the customization of a new
slotted board or the modification of an existing one
would be pursued.

Objective:

Since significant modifications were required to
make an existing commercially available slotted
board functional for R.P., it was decided that a
highly customized yet simple paddle switch array
could be designed. Our objective then was to
provide an array of adequately -sized switch plates or
keys in a configuration that was optimal for RP and
which were sensitive enough for her to activate.

Methods:

The physical layout of the custom paddle switch
array (Figure 1) was designed according to the range
of motion in R.P.'s left arm and the dimensions of
her laptray, i.e. extension beyond the width of the
tray was not considered because of clearance and
safety reasons. The size of the keys (4" x 2" x 1 /4 ")
were modelled after those on the commercially
available arm slot controller. It was decided that if
there was enough space between the keys then
dividers (like those on the arm slot controller) would
not be necessary, resulting in a very low profile
device (Figure 2). To decrease the force available to
activate a momentary switch using a switch plate or
key, the switch was placed under the most distal end
of the switch plate to increase the lever arm of the
key. In addition, pieces of low density Sunmate
foam were placed in front of the switches as springs
to return a key to its original position and low profile
switches were purchased to minimize the excursion
of the keys required to activate them. With flexibility
to arrange the order of the keys, the least used
directional function for R.P. (reverse) was wired to
the leftmost key because it was occasionally difficult
to reach. For mounting, the paddle switch array was
designed to slide into a 1" notch along the width of
her laptray rim which already existed for a
communication board which was no longer in use.
This elevated the board 2 1 /8" over her laptray
thereby minimizing the consumption of her working
surface.
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Results:

Although R.P. is easily distractible, her use of the
paddle switch array has significantly improved over
time. Activating any one switch for a long period
has been an issue for her because of her athetosis;
however, this parameter has improved with practice,
along with her accuracy of key selection. The
separation between the keys helps her from activating
switches simultaneously and also better defines the
space around each key. The 4" length of the keys
has proven useful in that for quick changes, R.P. can
press the direction keys with her arm fully extended
but for longer distances, she can relax her arm and
rest her hand on the laptray and her fingers on the
front portion of the keys. Since the start of the
project, R.P. has been prescribed a resting hand
splint to reduce her athetoid movements and this
further assists with travelling long distances.

Dis cuss ion:

This project has illustrated the importance of critical
observation and attention to details when prescribing
and modifying adaptive equipment, i.e. the
effectiveness of a device may sometimes be greatly

enhanced by subtle changes to a specific design. In
the situation presented here, the commercially
available options were evaluated first and found to be
inappropriate for R.P. Individual switch pads could
have also been arranged on her laptray and connected
to the chair controller in such a way that R.P. might
have had success in maneuvering her wheelchair,
however, consistent placement and increased set -up
time might have been of concern. The custom paddle
switch array designed for R.P. generates the same
output as commercially available arm slot controllers,
but with a low profile, different layout of keys,
simple construction, ease of attachment, and minimal
use of her laptray. Although a significant amount of
time was invested into the development of this paddle
switch array, subsequent devices of similar design
will require substantially less time because the
subtleties associated with the customization have
already been identified.

Elizabeth A. Muik
Newington Children's Hospital
Rehabilitation Engineering Department
181 East Cedar Street
Newington, CT 06111
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Figure 1. Physical layout of custom paddle switch array.
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Figure 2. Photograph illustrating the low profile  des ign of the
cus tom paddle switch array.
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A  B E T T E R  M O U N T  F O R  L I G H T  P O I N T E R S

De b b i e  F i e l d
S u n n y  H i l l  H o s p i t a l  f o r  C h i l d r e n

V a n c o u v e r ,  B . C .  C a n a d a

Fo r s o m e ph y si c al l y di s a bl e d
in d i vi d u al s , li g h t  p o i n t e r s ar e  a
vi a b l e me a n s  f o r in d i c a t i n g  t h e i r
c h o i c e s .  H o w e v e r  t h e  p o i n t e r s mu st
b e  h e l d  i n  a  p o s i t i o n  t h a t  m a x i m i z e
th e ir  us e , a n d  t h e mo un t m u s t  b e
ac c e p t a b l e  t o th e in di vi du al and
si g n i f i c a n t o t h e r s (e g , pa r e nt s ,
fa m il y , fr i e n d s , te a ch e rs , c o -
w o r k e r s ) .  A  h e a d m o u n t  w a s de s i gn e d
to  a c h i e v e s t a b i l i t y  o f th e  l i gh t
be a m ,  c o m f o r t  a n d  a e s t h e t i c s .

In t r o d u c t i o n :
Us in g o n e ' s ha n d s is th e mo s t
pr e f e r re d  a n d ac c e p t e d me a n s fo r
in d i v i d u a l s  t o a c c e s s  a u g m e n t a t i v e
co m m u n i c a t i o n a i d s .  H o w e v e r th e r e
is a  s e g m e n t  o f  t h e  p o p u l a t i o n  w h o
be ca u se  o f a ph ys ic al di s ab i li t y
ca n no t u s e th e i r  h a n d s , o r ha v e
s i g n i f i c a n t li m i t a t i o n s of th ei r
hand /arm mo v e m e n t s . For t h e s e
in d i v i d u a l s  o t h e r body s i t e s a r e
of te n in v e s t i g a t e d fo r  m a x i m i z i n g
in d e p e n d e n t  c o n t r o l .  H e a d  a n d neck
m o v e m e n t s  a r e  f o r s o m e  t h e  e a s i e s t
t o  e x e c u t e ,  t h e  m o s t  c o n s i s t e n t ,  o r
of f e r th e  f in e s t de g r ee  o f mo to r
co nt ro l ( L e e and Th o ma s , 19 90 ;
F i s h m a n ,  1 9 8 7 ) .

L i g h t p o i n t e r s a r e s u i t a b l e for
s o m e o f  t h e s e i n d i v i d u a l s  b e c a u s e
they p r o v i d e  d i r e c t se l e c t i o n  a n d
vi s u a l  fe e d b a c k bo t h  f o r th e  us e r
and the co m m u n i c a t i o n pa r t n e r ( s )
(F a u x , 19 8 9 , Fi s h m a n , 19 8 7 ,
Ch a r l e b o i s , 19 8 5) .  Th e y a l l o w  t h e
u s e r  t o ac c e s s  t ec h n i c a l a n d  n o n -
tec hn ic al a u g m e n t a t i v e
c o m m u n i c a t i o n  s y s t e m s  a s  w e l l  a s  t o
in d i c a t e de s i r e d o b j e c t s in th e
en v i r o n m e n t ( F a u x ,  1 9 8 9 ; Er i k s s o n
et al ., 19 8 7 , Wr i g h t & No m u r a ,
1 9 8 5 ) .  L i g h t  p o i n t e r s  a r e  s m a l l  a n d
li g h t w e i g h t .  T h e c h a l l e n g e  f o r th e
cl i n ic i a n h a s b e e n  t o p r o v i d e a
m o u n t  t h a t  h o l d s th e  l i g h t p o i n t e r
s e c u r e l y  i n  a  u s e f u l  p o s i t i o n .

Se v er a l m a n u f a c t u r e r s h a v e
a d d r e s s e d  t h i s  c h a l l e n g e . A d a p t i v e
Co m m u n i c a t i o n S y s t e m s Inc. and
P r e n t k e  R o m i c h  C o .  p r o d u c e op ti ca l
po i n t e r s  w i t h h e a d m o u n t s fo r u s e

P2.1

w i t h  t h e i r  L E D  c o m m u n i c a t i o n ai ds .
C r e s t w o o d  C o .  a n d  J i m ' s In s t r u m e n t
Ma n u f a ct u r i n g Inc. pr o d u c e lig ht
p o i n t e r s  w i t h  h e a d m o u n t s  f o r  u s e  a s
"n o n t e c h n i c a l " po in t in g de v i c e s .
Z y g o  I n d u s t r i e s Inc ., and Ma dd ak
Inc ., a r e  a m o n g  m a n u f a c t u r e r s  t h a t
p r o d u c e  h e a d p o i n t e r s  t h a t  u t i l i z e  a
he a d m o u n t that on e  m a y a d a p t to
ho l d a lig ht p o i n t e r .  C l i n i c i a n s
h a v e  a  c h o i c e  o f  u s i n g  c o m m e r c i a l l y
a v a i l a b l e h e a d m o u n t s , h e a d m o u n t s
that ar e  i n d i v i d u a l l y ad a p t e d ,  o r
c u s t o m  m a d e  o n e s .  S o m e  h a v e  m o u n t e d
lig ht p o i n t e r s  t o e y e  g l a s s e s o r
h e l m e t s  a s  a l t e r n a t i v e  h e a d m o u n t s .

S t a t e m e n t  o f  P r o b l e m :
Th e r e a r e se v er a l p r o b l e m s wi t h
co m m e r ci a l l y a v a i l a b l e h e a d m o u n t s
fo r  l i g h t p o i n t e r s . Al t h o u g h all
m a n u f a c t u r e r s  p r o v i d e  a d j u s t a b i l i t y
f o r  f i t t i n g  d i f f e r e n t  s i z e d he a ds ,
o u r e x p e r i e n c e h a s been th at a
s e c u r e bu t c o m f o r t a b l e f i t is
e l u s i v e .  T h i s  i s i n f l u e n c e d  b y  t h e
va r ie t y o f h e a d  s h a p e s  a s w e l l  a s
the p r o p e r t i e s of the ma t e r i a l s
u s e d  ( m o r e  f l e x i b l e  m a t e r i a l s that
fit be t t e r of t e n  d o n ' t h a v e the
s t r e n g t h to ho ld t h e light
s e c u r e l y ) .  A  c o m f o r t a b l e  b u t  s e c u r e
fi t i s  m o r e d i f f i c u l t  t o a c h i e v e
wi th ch i l d r e n ( a l t h o u g h s o m e
c o m p a n i e s  m a k e  c h i l d  s i z e s ) . Ot h e r
p r o b l e m s  i n c l u d e in st a bi l it y a t
th e  l i g h t  / he a d m o u n t  j u n c t i o n  a n d
t h e  i n a b i l i t y  t o  k e e p  t h e  l i g h t b e a m
p o s i t i o n e d  a t  t h e  m o s t a p p r o p r i a t e
vi ew in g a n g l e .  T h i s o f t e n  c r e a t e s
gr e a t fr u s t r a t i o n  i n th e  us e r a s
they tr y  t o ta r g e t th e  l i g h t on
d e s i r e d  o b j e c t s  o r  a r e a s .

Fo r s o m e  i n d i v i d u a l s th e l oo k of
th e h e a d m o u n t is very mu c h th e
is su e. Mo st h a v e s t r a p s th at
e n c o m p a s s  t h e  h e a d ' s  c i r c u m f e r e n c e ,
s o m e  h a v e  s t r a p s  o v e r  t h e cr o w n o f
th e h ea d  a n d /o r  u n de r  t he  ch i n.  Th e
mo u n t s w i t h be t te r st a b i l i t y
u s u a l l y  h a v e  w i d e r b a n d s  w h i c h  a r e
m o r e n o t i c e a b l e . S o m e h a v e
o b t r u s i v e  k n o b s fo r  s i z e o r  a n g l e
ad j u s t m e n t s . Mo st a r e fa b r i ca t e d
ou t of pl a s ti c , or fa b ri c wi t h
li m i t e d  o r  n o  co l o u r  c h o i c e s .
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R a t i o n a l e :
F o r s o m e ph y s i c a l l y d i s a b l e d
i n d i v i d u a l s , l i g h t  p o i n t e r s a r e  a
v i a b l e m e a n s  f o r i n d i c a t i n g  t h e i r
c h o i c e s .  H o w e v e r  t h e  p o i n t e r s mu s t
b e  h e l d  i n  a  p o s i t i o n  t h a t  m a x i m i z e
t h e i r  u s e , a n d  t h e mo u n t m u s t  b e
a c c e p t a b l e  t o th e in d i v id u a l an d
s i g n i f i c a n t o t h e r s ( e g . p a r e n t s ,
f a m i l y , f r i e n d s , t e a c h e r s , c o -
w o r k e r s ) .  N o n e  o f  t h e c o m m e r c i a l l y
a v a i l a b l e  h e a d m o u n t s me t all t h e
c r i t e r i a s p e c i f i e d by ou r
r e h a b i l i t a t i o n te c h n ol o g y
s p e c i a l i s t s  a n d  u s e r s .

D e s i g n :
D e s i g n  C r i t e r i a
A n e w h e a d m o u n t to ho l d t h e
l i g h t p o i n t e r w a s  p u r s u e d i n  o r d e r
t o  m e e t  t h e  i d e n t i f i e d  c r i t e r i a :
- t h e  f i t mu s t h o l d  t h e li gh t
s e c u r e l y  o n  t h e  h e a d
-  t h e  f i t  m u s t  b e c o m f o r t a b l e  ( f o r

3  h o u r s  o r  m o r e )
-  i t  m u s t  b e  e a s y  t o  p u t  a n d t a k e
o f f
- i t  m u s t b e a d j u s t a b l e a f t e r
i n i t i a l  f i t t i n g  ( f o r  b o t h  h e a d

s i z e  a n d  v i e w i n g  a n g l e )
-  i t  m u s t  b e  p l e a s i n g  t o th e  u s e r
a n d  t h e i r  s i g n i f i c a n t  o t h e r s
- it m u s t be ea s il y
o b t a i n a b l e ( w i t h i n 2 d a y s of
i d e n t i f y i n g  n e e d )
-  i t m u s t  b e  o f r e a s o n a b l e  c o s t
( l e s s  t h a n  $ 7 5 . 0 0 )

F i n a l  D e s i g n
T h e d e s i g n w a s a c u s t o m m o l d e d
h e a d b a n d  f a b r i c a t e d  o f  A q u a p l a s t
( 3 m m  t h i c k n e s s ) .  I t c o n s i s t e d  o f  a
b a n d  g o i n g  a r o u n d  t h e  c i r c u m f e r e n c e
o f  t h e  h e a d  a n d  a n o t h e r b a n d  g o i n g
o v e r  t h e t o p  o f  t h e h e a d  ( i n  l i n e
w i t h t h e t e m p l e s ) . T h i s w a s to
p r o v i d e s t a b i l i t y . T h e lig ht
p o i n t e r  ( m o s t  c o m m o n l y  u s e d  w a s  t h e
A C S  L i g h t P o i n t e r )  w a s  h e l d o n  t o
t h e h e a d m o u n t by a n o t h e r ba nd
s t r e t c h e d s n u g l y o v e r it. T h i s
a l l o w e d  t h e  l i g h t  t o  b e  e a s i l y  s l i d
o u t o f  t h e  m o u n t ( f o r  r e p a i r s ,  o r
p r o t e c t i o n wh e n n o t in u s e ) . A
w e d g e of t h e s a m e ma t e ri a l w a s
p l a c e d  u n d e r  t h e  l i g h t ,  a t t a c h e d  t o
t h e h e a d b a n d . T h i s he ld th e
l i g h t b e a m at th e mo s t s u i t a b l e
v i e w i n g  a n g l e . ( s e e  F i g .  1 ) .

D e v e l o p m e n t :
T h e  d e v e l o p m e n t of t h e h e a d m o u n t
e v o l v e d a f t e r se v er a l p r o t o t y p e s
w e r e e v a l u a t e d c l i n i c a l l y . T h e

i n i t i a l  d e s i g n  m a d  t h e  b a n d a s  o n e
c o n t i n u o u s p i e c e of S a n s p l i n t .
A l t h o u g h  t h e  f i t w a s  s e c u r e  i t  w a s
d i f f i c u l t to  p u t  o n a n d  t a k e  o f f ,
i t  w a s  u n c o m f o r t a b l e ,  u n p l e a s i n g  t o
t h e ey e , a n d  t h e ba nd s t r e t c h e d
o v e r tim e. Se v e r a l d i f f e r e n t
m a t e r i a l s w e r e tr i e d to i m p r o v e
fi t, a e s t h e t i c s , an d co m f o r t ,
in c l u d i n g ve l o f o a m , le at he r,
p l a t e z o t e  a n d  o t h e r  l o w  t e m p e r a t u r e
th e r m o p l a s t i c s . Aq u a p l a s t wo r ke d
be st , al on g wi t h ch a n g i n g t h e
de s i g n to an ov e r l a p p e d p i e c e
at t a c h e d by  v e l c r o . S t i c k y  b a c k e d
f o a m  p l a c e d  i n s i d e t h e b a n d s  a l s o
i m p r o v e d  c o m f o r t  a n d  f i t .

E v a l u a t i o n :
T h e r e h a s be en 1 9 h e a d m o u n t s
co n s t r u c t e d and us e d cl i n i c a l l y .
All we r e  u s e d i n  t h e a s s e s s m e n t ,
an d m o s t  h a v e  c o n t i n u e d  t o  b e  u s e d
u p o n  r e c e i p t of t h e i n d i v i d u a l ' s
ow n eq u i p m e n t . Se v e n w e r e
p r o t o t y p e s and h a v e now be en
r e p l a c e d  w i t h  t h e  f i n a l  d e s i g n .  T h e
l o n g e s t  p e r i o d  o f  u s e  h a s b e e n  o n e
yea r. T h e  t w e l v e no w  i n u s e  h a v e
m e t  a l l  t h e  c r i t e r i a ;  t h e  u s e r s  a n d
c a r e g i v e r s a r e  p l e a s e d wi t h  t h e i r
pe r f o r m a n c e .

Di s c u s s i o n :
T h e u s e  o f  t h e  h e a d m o u n t s  h a v e  m e t
w i t h  a c c e p t a n c e  a n d  s u c c e s s .  O n e  o f
t h e  r e a s o n s  f o r  t h i s  i s  t h e  u s e r  i s
i n v o l v e d  i n  c h o o s i n g  t h e  c o l o u r s  o f
th ei r ba n d s  ( b l u e s , pi n k s ,  w h i t e ,
or ne on ye l l o w ) ,  a n d they lat er
p e r s o n a l i z e th em wi t h s t i c k e r s ,
e t c .  S o m e  p a r e n t s h a v e  m a d e  c o v e r s
t h a t  g o  o v e r  t h e  h e a d m o u n t  t h a t  a r e
c o o r d i n a t e d  w i t h  d i f f e r e n t  o u t f i t s .
T h e  f i t  a n d  c o m f o r t  e n a b l e  t h e  u s e r
to di r e c t th e li gh t ea si ly and
ac c ur a te l y fo r many a c t i v i t i e s
t h r o u g h o u t  t h e  d a y .  A d j u s t m e n t s in
f i t  a n d  l i g h t b e a m an g l e  a r e  e a s i l y
ac c o m p l i s h e d wi t h a he at gu n or
ha i r d ry e r .
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T h e r e  a r e  t w o  p r o b l e m s  t h a t  r e q u i r e
fu r t h e r c o n s i d e r a t i o n .  O n e is  t h e
i n i t i a l  f a b r i c a t i o n  t i m e . It t a k e s
two h o u r s ,  b e c a u s e e a c h  p i e c e is
fa b r i ca t e d on th e  sp o t . T h i s is
of te n d i f f i c u l t wi th yo u ng e r
c h i l d r e n .  A l s o  s o m e  d o  n o t  t o l e r a t e
th e  f i t ti n g o f  t h e  b a n d s on  t h e i r
he a ds . Th i s  m a y be c a us e  th e y a r e
tac ti le ly s e n s i t i v e  o r be c a u s e  i t
ta k e s se v er a l m i n u t e s for th e
ma t e r i a l  t o ha r d e n ,  a n d t h e y  h a v e
di f f i cu l t y ke e pi n g th ei r h e a d s
s t i l l .  H a v i n g  a  s t o c k  p i l e  o f  r e a d y
m a d e  p i e c e s wo ul d he l p a l l e v i a t e
th e s e p r o b l e m s a s wo ul d ha vi ng
s a m p l e h e a d m o u n t s fo r pa r e nt s ,
f r i e n d s ,  t o y  d o l l s  e t c .
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P2 ' 2 ADAPTING THE "HOPKINS SPEAKING VALVE" FOR USE WITH A SHILEY CANNULA

Joseph J. French, John Kummell, and Arthur A. Siebens, M.D.
Division of Rehabilitation Medicine

The Johns Hopkins University

ABSTRACT

The Johns Hopkins speaking valve is a simple ball valve
that allows inspiration through the tracheostomy cannula
and expiration through the larynx. It was designed for use
on a Jackson metal inner cannula. This paper describes its
adaptation to a Shiley plastic outer cannula. Flow
characteristics of the valve are presented in graphic form.
The relative advantages and disadvantages of this valve are
compared to a commercially available flapper valve.

BACKGROUND

The Johns Hopkins speaking valve was presented at the
ACRM and AAPM &R joint meeting in Boston in 1984 (1).
It is a simple one -way ball valve. In Fig. I it  is  shown
clipped to a Jackson #6 low profile metal inner cannula.
Its operation is shown schematically in Fig. 2. Fig. 2 -A

Figure 1.
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Figure 2.

sho ws  the valve at rest. When the p atient  inhales (Fig. 2 -B)
the ball is  forc ed b ack o ut o f the p o rt  allowing air  to  enter
freely thro ugh the p o rt . The b all is  s to p ped  from entering
the c annula b y the wire s to p. On exp iratio n (Fig. 2 -C) the
air is  fo rc ed  to  flo w thro ugh th e lar ynx a llo wing s p eec h.
The po rt  was  d esigned  to be o ff center in ord er to allo w the
b all to  ro ll into  the p o rt  rather than jump  into  it  as  with a
co nc entric  p o rt . T his  red uc es  the p res s ure nec es s ary to
clos e the valve. Fo r p ro p er o p eratio n, the po rt  mus t be in
the 6 o'cloc k po sition as  s ho wn in Fig.  1.

Fig. 3 shows the flow versus press ure relationship  at no rmal
flo w r ate s  whe n t he  va lve  is  c o nn ec t ed  to  a # 6  Ja c ks o n
metal inner c annula . Bo th ins piratio n (negative quad rant)
and  exp iratio n ( po sit ive q uad rant) are sho wn. The press ure
req uired to  close the valve is  ap proximately 0.5 cm. of water.
Becaus e clos ure happ ens very q uickly, very litt le air  esc ap es
at  the b eginning o f exp iratio n. The valve will remain c lo sed
until the p res sure d ro ps  to  app ro ximately 0.3 c m. of water.
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Figure 3.

T he valve is  s ens it ive to  the p o s it io n o f the p atien t  s uc h
that  clo sing p res sure b ec o mes greater as  the p atient 's angle
of rec line is inc reas ed. Sens itivity to rec lining is no t
hazard ous, fo r th e va lv e will  s imp ly  r emain in  t he  o p e n
po sition. This valve is  rec ommend ed p rimarily for p atients
who  are ambulato ry o r s it t ing up  in b ed  o r wheelc hair.

P R O B L E M

The Jo hns  Hop kins  s p eaking valve as  o riginally d es c rib ed
was designed to be used with a Jackson metal low profile
inner  c an nula. As  s ho wn  in F ig. 1 it  was  attac hed  to  the
inner  c ann ula b y a metal c lip . At  th a t  t ime , mo s t o f o ur
trac heo tomized p atients us ed  the Jacks o n c annula. On the
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rare o c c asio ns that o ne o f the p atients  had  to  us e a p las tic
c annula the valve had  to  b e jutyrigged  to  fit  it . Alth o ugh
vario us  c oup ling metho d s  were emp lo yed,  all required  the
us e  o f hea t  s h rin ka b le t ub in g. Unfo rtunately, th e h ea t
nec es s ary to  shrink the tubing was als o  suffic ient to  s o ften
o r me lt  th e p la s tic  valv e and  c ann ula. Mo reo ver,  a t ight
seal between tub in g,  v alve  and c ann ula was diffic ult to
ac hiev e and dead sp ac es  were inac cess ible fo r c leaning.
These pro blems  bec ame increas ingly p res sing as the us e o f
plas tic c annulae, such as  the Shiley twis t lo c k type,  b ec ame

mo re c o mmo n.

RA T I ON A L E

A s imp le me tho d  o f c o nne c ting t he valv e t o  t he c ann ula
without the use of heat shrinkable tubing was sought.
Mo d ifying the clip  and  b o d y d es ign o f the valve to  fit  the
Shiley lo w p rofile inner c annula would have involved majo r
design c hanges . There was als o  the p os s ib ility that  the c lip
could interfere with the ease of manipulating the inner
cannula fo r s uc h purpo ses as  s uctio ning. Our s earch fo r an
ad ap ter that co uld be eas ily dis co nnected from and
reconnected to the valve and allow thorough cleaning of
both the valve and the adapter led to the following.

DE S I GN

Several years ago Shiley introduced a one -piece plastic
dec annulatio n plug (F ig.  4). With very lit t le mo d ific atio n,
this  p lug c an b e c o nverted  into  an id eal ad ap ter fo r fit t ing
the valve to the cannula.  This app roac h als o  required  a few
mino r changes  in the d esign o f the valve and the eliminatio n

of the c lip .

r  

Figure 4.

As shown in Fig. 5 the only valve changes are to (A)
eliminate the socket into which the Jackson cannula was
seated , (B) red u c e t he f lang e d iamet er,  and (C)  c ut  t he
sharp  ed ge o f the flange to  a rad ius  that  matc hes  the radius
of the p lug rec es s . The o nly p lug c hanges  are to  d rill (D)
a ho le thro ugh the p lug s eal and  (E) two  ho les  thro ugh the
plug flange to  matc h up  with the ho les  in the valve flange.
The same fo rc e fit  pin that ho lds  the ball in p lac e also  fixes
the v alve to  th e ad a p ter. T he p o s it io ns  o f the ho les  are
crit ic al, i.e., they mus t be exac tly ho rizontal when the
ad apter is s eated in the inner c annula. T his  as s ures that  the
valve is in its  o p timal p o s it io n. A s p ec ial  d r ill  jig was
des igned and  c ons truc ted  fo r drilling and matc hing.

The size of the aperture thro ugh the p lug s eal will vary with
the p lug s ize t hat  in turn is  d etermined  b y t he s ize o f the
inner c annula. This  ap erture s hould  b e ap p ro ximately the
same d iameter as  the ins id e d iameter o f the inner c annula.

` l l I l )

IZDNTAL CUT)

Z

B
, iC

JACKSON CANNULA D

Figure 5.

D E V E L O P M E N T

The valve- ad ap ter set (F ig. 6,  top  left)  c an b e disass embled
fo r c leaning p urp o s es  then reas semb led . This  req uires  the
us e o f two  to o ls : a p in (having a s maller d iameter than the
retaining pin) that is used to push the retaining pin out of
the valve - adap ter set and a p air of small lo ng -no se pliers  to
grasp the push pin. Fo r reassembly, the  h o les in the
ad ap ter mus t b e lined  up  with the ho les  in the valve. T he
pin is  then fo rc ed  all the way into  the holes  us ing the p liers .
Unfo rtunately, this proc ed ure may be beyond the
capabilities of most patient care providers.

Figure 6.

By mo d ifying  the r etain ing p in (F ig .  6,  b o tto m right ) the
valve- adapter set can be assembled and disassembled
witho ut the us e  o f  t o o ls . T h e  p in is mad e narrower,
allo wing it  to  b e s lip p ed rather than fo rc ed  into the ho les .
One end  is  fo rmed in the s hape o f a triangle. This  triangle
ac ts  as  b o th a hand le aid ing in as s emb ly and  d is as s emb ly
and as a retainer for that end of the pin. The pin is also
mad e  lo nge r a llo win g t he o th er end  to  b e  he ld  b y a c lip
(F ig.  6, b o tto m left) . This  c lip  is  ac tually a "c lutc h"  us ed
fo r retaining p ier c ed  ear earrings . T he as s emb led  unit  is
sho wn in Fig. 6, top  right. So me d egree o f d exterity is  st ill
required but we believe that most people can learn the

procedure.
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Figure 7.

EVALUATION

The adapted valve is no more difficult  to connect to the
outer cannula than the regular low - profile inner cannula.
Connection can be done by patients who have good
dexterity and are cognitively intact.

Fig. 7 (A) shows the inspiratory flow characteristics of a #6
Shiley plastic inner cannula without a valve. Fig. 7 (B)
shows the characteristics of the modified Hopkins valve
installed in place of the inner cannula. As can be seen, the
resistances are comparable.

Because the  valved sys tem obviates the use of an inner
cannula, there  may be concern that keeping the outer
cannula free of secretions will be more difficult. This is
unlikely to be the case with most patients since the valve
prevents air flow into the outer cannula during expiration.

Table 1.

CRITERION PASSY -MUIR HOPKINS

Position
Sensitive

No yes

Closing
Pressure

0 cut H2O 0.5 cm H2O

Inspiratory
Resistance

Higher
Fig. 7(C)

Lower
Fig. 7(B)

Dimensions D = 0.9"
L =0.7"

D = 0.6"
L =0.5"

Concealable Harder Easier

Self -Apply Yes
(Easier)

Yes
(Harder)

Cleaning Harder Easier

DISCUSSION

When the Hopkins valve was originally presented, we were
unaware of any commercially available alternative. Since
that time, at least one flapper type of valve, Passy-Muir (2),
has become widely available. When this valve is installed on
a #6 Shiley inner cannula, the inspiratory flow
characteristics are as shown in Fig 7 (C). There are
advantages and disadvantages of these valves, either of
which, when properly used, will restore expiratory air flow
through the larynx in patients with tracheotomies. Table I
summarizes the comparison of these two valves.

It is apparent (Table 1) that the Hopkins valve has its
greatest advantage for patients that are mobile (either
wheelchair or ambulatory) and wish to conceal their valve.
The flapper valve has its greatest advantage when used by
patients who are bed-ridden, usually in the supine position,
and who are less concerned with concealment of the valve.
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The Future of Augmentative Communications:

A Conceptual Framework for Consumer Empowerment: A Consumer's Perspective

Mick Joyce
Independent Consultant

Madison, WI

ABSTRACT
The author, an active user of an augmentative
communication system for seven years, states that much
consumer involvement is vital for any new technology.
This is especially true of augmentative communications.
To continue to grow, ensure quality and develop
practical product lines, the industry must have active
consumerism. Problems in organization arise because
the user population is very diverse in physical and
cognitive abilities. Other barriers include geographical
sparsity of users, transportation and communication in
a'normal' way. Considering all barriers, this paper
suggests ways to link consumers and providers together
as team members. The implications of such linkages
are increased political and economic power as well as
an improvement in the quality of products and services.
The author draws from his personal experience as an
augmentative communications user. Also, he uses
micro - economics, political science, and social change
theory in discussing problems and suggestions.

BACKGROUND
As anyone can see, I have a difficult time talking and
making my speech understood. This is especially true in
groups where I tighten up and my muscles don't do the
things I want. At the age of thirty-four, I was
introduced to my first augmentative system, a small
laptop computer with a voice synthesizer. As a part of a
small demonstration project, I got a head start.

Voice synthesizers were not yet "accepted medical
treatment." There were only three or four on the
market. They were very expensive ($4,000). There was
no warranty on the equipment. Frequent breakdowns
were the rule, not the exception. One man in the whole
United States could fix the voice synthesizer, its creator.
The creator had much other work to do. So sometimes
my equipment got set aside for many days.

Since those days of yester year, we have progressed a
bit. In our state (Wisconsin), Medical Assistance will
buy at least one system. More people are obtaining the
equipment they need. There are about twelve
companies that make voice synthesizers. The prices of
many systems have gone down. I just received my new
synthesizer two months ago, so I can't tell how much it
needs repair. It has a ninety day warranty. Most main-
line electronic equipment bought in the same price
range has a year warranty. I assume that warranties
and other support services cost firms a "pretty penny."
Yet, because of competition, the service is provided.

Because I was purchasing voice synthesizer myself
without third -party help, I asked about installment
plans. No such plans were available. In the
mainstream, local electronic dealers offer "easy -
payment plans" because they increase sales. Knowing
that some people won't pay, these companies write off a
certain percent of sales as "bad dept expense."

P2.3

With my experience in equipment breakdowns, I
naturally asked about service. I learned that my new
voice synthesizer would have to be sent to a far away
city to be fixed. Common sense tells me that it would
be a week at the shortest before I'd get the equipment
back. With earlier versions of the product, report
frequent break -downs with long delays in returning the
equipment to the user. I am hoping that this new
version of the voice synthesizer will have some "bugs"
out.

Space and time limitations prohibit me from detailing
similar experiences I had with special software, cables
and the main computers. Welcome improvements will
continue to be made as more people join us as America
ages. Equipment for augmentative communication will
follow general computer trends and become lighter and
more portable. Natural competition will force many
small companies out of business, leaving a few larger
ones. These larger organizations, with more resources,
should be able to provide mainline services.

Yet, before this happens the consumer should have the
opportunity of empowerment. A healthy, competitive
industry with quality products and support services is
dependent on informed consumers empowered with
political and economic strength. It should, therefore, be
in the best interest of professional and manufacturer to
aid in this process.

STATEMENT OF THE PROBLEM
The problem is how we as professionals, industry
representatives, and enlightened consumers can provide
the opportunity for other consumers to be empowered
in such a manner to give us maximum political and
economic power.

This problem is magnified by because augmentative
communication users are usually (1) at the bottom of
the social and political scales, (2) are of diverse physical
and cognitive abilities, (3) have different
communications needs and augmentative systems
and (4) have diverse interest. Also, these people have
more traditional barriers to forming effective groups.
Transportation is a real'hassle.' Telephone
conversations are difficult for most augmentative users.
Geographic sparsity of the user population makes it
hard to share information and gives the augmentative
system user a sense of isolation. Finally, some
consumers barely have enough economic resources to
put food on the table, much less travel long distances to
gather.

APPROACH
I have little in the area of concrete solutions on how to
solve the problems I face daily. Most likely, the fast
step is to recognize they exist. Sensitivity is a key
element to political harmony. Those of you who are
not in wheelchairs should spend a day or a week in one,
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Empowerment:A Consumer'sP e r s p e c t i v e

perform your job from a chair, and see how people
react. While you are on this awareness trip don't forgot
to ride the special para - transit system, the one designed
for your needs. If you are lucky enough to obtain an
augmentative communication that works, try turning it
off for a while and communicating with something other
than your mouth. That's when real awareness begins.

Information is power. So we should share as much
information in as many ways as we know how.
Developing new ways to share information would also
be helpful. Telephones, message relay systems,
computer bulletin boards, magazines, and alike could
all be used in the most creative ways possible to share
information.

Finally, money is power. Sometimes it buys
information, awareness and other things.  We should
think of new ways to get money into the hands of
consumers and make things cost less. Whether through
government entitlement, training programs, or hiring
people with disabilities to operate their programs, any
or all methods will be effective in increasing their utility.

IMPLICATIONS
If this common sense approach is followed, the
implications are clear. It would give the augmentative
communication user more power and put them at more
of a parity levels with professionals. This would make
them be more of a stakeholder in the effort to produce
a more accessible product line. Consumers of
augmentative communication systems would most likely
feel more responsibility for their systems and would
stop blaming professionals for all their woes.

Professionals would have to give up some power and
authority. They would become more of a team player.
They would have to take more risk. They would not,
however, take all the heat for mistakes made.
Manufacturers of augmentative system would have to
make better products, at reduced cost and less profit
margins. This will force some out of business in the
heat of competition.

DISCUSSION
Space limitations permit only a brief discussion, here.
This idea of consumer empowerment, admittedly, is a
'grand scheme.' Although most of it will become true in
time, this presentation is designed to stimulate ideas
and cause listener /reader to think and form new visions.
The word 'consumer,' here, is meant in the broadest
sense. For there is power in numbers and excluding
anyone that wants to be included would be, indeed,
disadvantageous.

Mick Joyce
Independent Consultant
4 N. Allen Street
Madison, WI 53705
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A REMOT E- CONTROLLED COMMUNICAT ION DEVICE
FOR S IMP LE CLINICAL,  CLASS ROOM AND HOME APP LICAT IONS

Caro l R .  S ud dath, Neal F . Vitt itoe and  Bernard  P . F leming
Dep artment o f S p ec ial Ed uc atio n

Univers ity of Kentuc ky
Lexington, KY

A b s t r a c t

I n o r d e r f o r a p e r s o n w i t h l i m i t e d
mo t o r c o n t r o l a n d m i n i m a l s p e e c h t o
i n d i c a t e a s e l e c t i o n f r o m a n a r r a y o f
c h o i c e s , a  s i m p l e c o m m u n i c a t i o n  d e v i c e
wa s d e s i g n e d a n d f a b r i c a t e d . T he
d e v i c e i s u s e r c o n t r o l l e d  b y a s i n g l e
s w i t c h t h r o u g h a r a d i o l i n k i n t e r f a c e
t o a s c a n n i n g c i r c u i t c o n t r o l l i n g a
s e t o f l i g h t -  e m i t t i n g d i o d e s ( L E Ds ) .
T he s y s t e m a l l o w s i n d i v i d u a l LEDs t o
b e a t t a c h e d t o  p i c t u r e s  / o b j e c t s i n  t h e
e n v i r o n m e n t . T h e s c a n n i n g c i r c u i t may
o p e r a t e i n e i t h e r d i r e c t s e l e c t i o n o r
s e q u e n t i a l s c a n n i n g  m o d e . T h i s d e v i c e
m e e t s t h e n e e d f o r a s i m p l e , f l e x i b l e
a n d  e f f e c t i v e c o m m u n i c a t i o n  s y s t e m  f o r
ma n y a p p l i c a t i o n s wh i c h a r i s e i n t h e
c l i n i c , c l a s s r o o m a n d  h o me .

Ba c k g r o u n d

Many a u g m e n t a t i v e c o m mu n ic a t i o n a i d s
p o s s e s s s o p h i s t i c a t e d f e a t u r e s wh ic h may
i n h i b i t t h e i r u s e f u l n e s s i n s o me
s i t u a t i o n s . Many a p p l i c a t i o n s , w h e t h e r
f o r t e s t i n g , i n s t r u c t i o n o r r e c r e a t i o n
ma k e  m in i m a l  d e m a n d s  o n  t h e s o p h i s t i c a t e d ,
p r o g r a mm a b l e f e a t u r e s o f t h e s e a i d s .
F l e x i b i l i t y a n d s i m p l i c i t y a r e k e y
e l e m e n t s o f a t o t a l c o m mu n ic a t i o n s y s t e m
f o r a n y i n d i v i d u a l ( B l a c k s t o n e , 1 9 8 6 ;
B u r k h a r d t , 1 9 8 8 ) . T w o  s p e c i f i c  a c t i v i t i e s
wh i c h r e q u i r e f l e x i b i l i t y a n d s i m p l i c i t y
a r e : ( 1 ) m u l t i p l e c h o i c e s t a n d a r d t e s t i n g
f o r m a t s t o a s s e s s a  n o n s p e a k i n g , s e v e r e l y
a n d p r o f o u n d l y h a n d i c a p p e d s t u d e n t , ( 2 )
p a r t i c i p a t i o n i n v a r i o u s c l a s s r o o m
a c t i v i t i e s t h a t r e q u i r e t h e s t u d e n t t o
d i s c r i m i n a t e  b e t w e e n  a n d  m a k e  r e f e r e n c e t o
s e l e c t e d  s t i m u l i  p r e s e n t e d  s i m u l t a n e o u s l y .
I n b o t h i n s t a n c e s , s o p h i s t i c a t e d
c o m m u n i c a t i o n d e v i c e s c o u l d  b e p r o g r a mme d
t o h a v e t h e s t u d e n t c o n v e y s p e c i f i c
i n f o r m a t i o n , b u t t h e t i m e a n d e f f o r t
r e q u i r e d f o r t h i s i n d i v i d u a l i z e d
p r o g r a m m in g may b e d i f f i c u l t t o j u s t i f y .
F u r t h e r m o r e , o t h e r r e s p o n s e mo d es ( e . g . ,
e y e g a z e , o r p o o r l y c o n t r o l l e d p o i n t i n g )
l e a v e t o o muc h i n t e r p r e t a t i o n t o t h e
e x a m i n e r o r t e a c h e r . F o r e x a m p l e , t h e
e x a m i n e r may a s k t h e s t u d e n t wh i c h f i g u r e
r e p r e s e n t s a f i s h o n a f o u r  - p a r t m u l t i p l e
c h o i c e t e s t a s s c h e m a t i c a l l y i l l u s t r a t e d
i n F i g u r e 1 . T he e x a m i n e r a s s u me s t h a t
e y e f o c u s o r p o i n t i n g d w e l l t i m e i s a n
a c c u r a t e i n d i c a t i o n o f t h e i n t e n d e d
r e s p o n s e o f t h e s t u d e n t . A l t e r n a t i v e l y ,
t h e e x a m i n e r may p o i n t t o e a c h i t e m ,
w a i t i n g f o r a s i g n o f c o n f i r m a t i o n o r
r e j e c t i o n f r o m t h e s t u d e n t . I n b o t h
i n s t a n c e s , t h e  c o m m u n i c a t i o n  r e c e i v e r  m u s t
a s s u m e  r e s p o n s i b i l i t y  f o r  i n t e r p r e t i n g  t h e
c o m m u n i c a t i o n a t t e m p t o f t h e s t u d e n t .
T h e s e a p p r o a c h e s may p r o v e t o b e b o t h
time  -  c o n s u min g a n d p r o n e t o e r r o r .

R a t i o n a l e

P 2 . 4

S t u d e n t s f r e q u e n t l y n e e d t o b e a b l e t o
i n d i c a t e t h e i r c h o i c e f r o m a n a r r a y o f
i t e m s . S t u d e n t s  w h o a r e  p h y s i c a l l y  u n a b l e
t o i n d i c a t e t h e i r c h o i c e b y c o n v e n t i o n a l
p o i n t i n g  o r  v e r b a l d i r e c t i o n s  n e e d  a  m e a n s
wh e r e b y t h e y c a n i n d e p e n d e n t l y e x p r e s s
t h e i r c h o i c e s . T h e r e a r e many
c o m m e r c i a l l y a v a i l a b l e r e mo t e  -  c o n t r o l le d
c o m m u n i c a t i o n a i d s : r o t a r y s c a n n e r s ,
ro w - c o lumn s c a n n e r s a n d d i r e c t e d s c a n n i n g
d e v i c e s . Ho we v e r , i n a r e v i e w o f  p r o d u c t
c a t a l o g s f o r a u g m e n t a t i v e c o m mu n ic a t i o n
a i d s a n d a s e a r c h o f a p r o d u c t d a t a b a s e
( A d a p t i v e De v i c e L o c a t o r S y s t e m, Ac a d e mic
S o f t w a r e , 1 9 9 0 ) , n o r e mo t e  -  c o n t r o l le d
s c a n n i n g a i d c o u l d b e f o u n d t h a t a l l o w s
p l a c e m e n t o f s e p a r a t e LEDs a t d i s c r e t e
l o c a t i o n s i n t h e e n v i r o n m e n t f o r
a p p l i c a t i o n s s u c h a s a m u l t i p l e c h o i c e
t a s k s .

D e s i g n a n d De v e lo p m e n t

T he d e s i g n o f t h i s c o m m u n ic a t i o n a i d i s
s i m i l a r t o t h a t o f ma ny o t h e r s i m p l e
s c a n n i n g  d e v i c e s ( W e b s t e r  e t  a l . , 1 9 8 5 , p .
2 4 9 ) . F i g u r e 1 s h o ws a b l o c k d i a g r a m o f
t h e s y s t e m . T he s t u d e n t c o n t r o l s t h e
d e v i c e b y u s e o f a s i n g l e mo m e n t a r y
s w i t c h . T he s w i t c h c o n n e c t s d i r e c t l y t o
t h e r a d i o t r a n s m i t t e r mo d u le t h r o u g h a
s t a n d a r d 3.5mm p h o n e p l u g  / j a c k t o a l l o w
c h o i c e  o f  d i f f e r e n t  s w i t c h  c o n f i g u r a t i o n s .
S w i t c h c l o s u r e t h e r e f o r e p r o d u c e s
a c t i v a t i o n o f t h e r a d i o t r a n s m i t t e r .
D e t e c t i o n o f a s i g n a l b y t h e r a d i o
r e c e i v e r c o n t r o l s t h e f u n c t i o n o f t h e
s c a n n i n g c i r c u i t . T he s c a n n i n g s y s t e m
c o n s i s t s o f a s e r i e s c i r c u i t c o n t a i n i n g  a
f l i p  - f l o p , c o u n t e r a n d  d e c o d e r . A t o g g l e
s w i t c h i s u s e d t o s e t  o n e o f t h e two  mo d e s
o f  o p e r a t i o n  f o r t h e s c a n n i n g  c i r c u i t : ( 1 )
d i r e c t  s e l e c t i o n , o r ( 2 ) l i n e a r  s e q u e n t i a l
s c a n n i n g . I n t h e d i r e c t s e l e c t i o n mo d e,
e a c h  s w i t c h  c l o s u r e  p r o d u c e s a n  a d v a n c e t o
t h e n e x t LED i n t h e s e q u e n c e . I n  s c a n n i n g
mo d e , t h e LEDs a r e s c a n n e d i n s e q u e n c e
w i t h a n a d j u s t a b l e s e l e c t i o n t i m e (1 -6
s e c ) f o r s w i t c h c l o s u r e . A f t e r s w i t c h
c l o s u r e f o r a s e l e c t i o n , a s u b s e q u e n t
c l o s u r e c a u s e s t h e s c a n n i n g t o  b e g i n o v e r
a g a i n  w i t h t h e f i r s t LED i n t h e s e q u e n c e .
A  d i s t i n g u i s h i n g  f e a t u r e  o f  t h i s d e v i c e i s
t h e u s e o f s e p a r a t e LEDs wh ic h c a n b e
p l a c e d  o n , o r  a t t a c h e d  t o , m o s t  h o r i z o n t a l
a n d v e r t i c a l s u r f a c e s . T h i s f e a t u r e
a l l o w s t h e d e v i c e t o b e c u s t o m i z e d f o r
ma ny d i f f e r e n t a p p l i c a t i o n s . LEDs o f
d i f f e r e n t s i z e s , c o l o r a n d  b r i g h t n e s s c a n
b e i n t e r c h a n g e d . T he LEDs a r e c o n n e c t e d
t o t h e s c a n n i n g c i r c u i t b y s h o r t w i r e s .
A l t h o u g h t h i s c i r c u i t i s d e s i g n e d f o r u s e
w i t h f o u r d i o d e s , i t may b e m o d i f i e d f o r
u s e  w i t h  o t h e r  n u m b e r s o f  L E D s . T he r a d i o
t r a n s m i t t e r mo d u le , r e c e i v e r a n d s c a n n i n g
c i r c u i t s a r e a l l b a t t e r y o p e r a t e d .
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Discussion

The straightforward operation and
custom izing features makes the
communication device described in this
abstract a valuable aid in many different
situations. The features which
distinguish this device from many other
aids are: (1) elimination of complicated
setup and programming which provides ease
of  u s e fo r  b o th  t h e student and the
teacher, (2) the use of switch- activated,
radio - linked control from the user to the
device which eliminates bulky wires and
enhances reliability, (3) the use of
separate LEDs to m ark the choices on
individual objects in the environment
which allows many different custom
applications, and (4) low cost of
construction.
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Abstract

In the rehabil itat ion and educational techno logy
arenas, recent development and  use of  eyegaze/
headpointing technology has  been almost
exc lusive ly f or ind ividuals with severe phys ical
disabi l it ies, but who  do not have  cognit ive
limitations. Consequently, researchers in this
pro ject embarked upon a three  year study to
inves tigate what issues must be  addressed to
mod if ying an existing  eyegazel headpo inting
sys tem to  accommodate  the  cognitive  and
physical needs of  peop le  with mental
retardation. Although an arduous  research
projec t, f indings ind icate  that with continued
study, s trateg ic  design, attent ion to cognit ive
and learning issues, and  carefully designed and
imp lemented  training strategies, peop le  with
mental re tardation can bene fi t from
eyegaze /headpointing technology development.

Background

There are more  than two  mil lion chi ld ren and
adults  in the  United S tates whose  physical
and /or mental impairments are so severe that
they are  unab le  to  communicate  with o the r
persons or inte ract and learn f rom the ir
environment in an eff ec tive  manner (Bricker &
Filler, 1985)(11. Disabil ities o f this degree
impact peop le with cereb ral palsy, paralysis,
spina b if ida, mental retardation, and
cardiovascular disease /s troke, and severely limit
the ir ab il ity f or independent living, ef fec tive
education, and  p roductive emp loyment. In
recent years, researchers have begun to address
these serious needs for freedom of choice,
communication and  environmental control  in
more creative  ways  by deve loping
communication and environmental contro l
sys tem us ing  eyegaze / headpoint ing  technology
(Brown, 1989)(2 ).

There  are  two main reasons fo r emp loying
eyegaze -based and head tracking communication
and  environmental control  aids ove r more
conventional body movement -based aids. First,
a large  po rt ion of the populat ion o f individuals
who  are severely hand icapped  (those who are
severely spastic  and paralytic ) do  not have  any
other rel iably control lab le  body movements.
Second, even among those  people  with o ther
rel iab le body movements, headtracking and
especially the eye 's response time (20 -30
milliseconds) (Tello, 1988)(10) are  much more
rapid and less f atiguing. Rapid ity and ease of

P2 .5

construct ing a message  are  typ ical ly the
determining factors between a pe rson
vo luntari ly us ing a communication aid  and  us ing
it  only when required  to do so . The minimal
expenditure of  ef fo rt  that eyegaze head
movement entail  and  the  high speed  of  use  that
they of fe r a pe rson makes  them tremendous ly
promising fo r app licat ions to  peop le  with severe
handicaps.

While  eyegaze technology was ini tial ly
developed f or mi litary and  cl inical app licat ions,
since 1976 several researchers  have conduc ted
pi lo t projects on i ts po tential  to circumvent the
problems associated with o the r techno logy
approaches f or people who are severe ly d isab led
(Demasco & Fould, 1982(3); Friedman, Ki liany,
Dzmura, &  Anderson, 1981(4 ); K ing , 1984(5);
Rosen, Drinke r & Dalrymp le , 1976(6);
Schneider, 1982(7 ); Sutter, 1983)(9 ). This
experimental research has  been done  only with
severely moto rically- impaired  persons  and  the
researchers agree that there  is  a need f or a more
concerted and di ligent e f fo rt  to furthe r this  body
of knowledge (Smith, Christ iaansen, Borden,
Lindberg , Gunderson, & Vanderhe iden,
1989)(81.

Statement o f the  Problem

This  research was devoted  to answering
fundamental ques tions  about what features are
needed , which currently are  no t avai lable, in
eyegaze /headpointing assist ive technology for
children and  adults  with severe  mental
retardation and severe  physical impairments.
The pro jec t designed , developed and tested the
eyegaze  and  headtracking prototype hardware
and  sof tware based on proven educational and
training theory o f  peop le  with mental
retardation. A concurrent s trategy was  the
des ign and implementation of specif ic training
procedures to  use  with the  sub jects.

Rationale

Certain attr ibutes were  needed  in an eff ec tive
eyegaze /headpointing system for people with
mental retardation. Theref ore, a Sentient
Systems  Technologies' Eye typer was  modif ied
and  enhanced into a new proto type /device so
that: i t has  an improved ab i li ty to  accurately
recognize where the use r is looking; spoken
output is  d ig ital ly recorded fo r natural sounding
speech; the  speech output can be  s tored  on a
computer and  then trans fe rred back to the
device, thus  multip le  speech outputs can be
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saved and recal led at wi ll ; the re  is an increase  in
the  d isp lay f or the  number o f  cho ices which can
be  displayed ; i t has  the  ab il i ty to  contro l up to
256 e lectr ical appl iances  in the  environment; i t
col lects data f or each user as s /he inte racts with
the  device fo r research and tracking  purposes;
the so f tware  is mod if ied  so that a s ingle device
can be se lectab le  not only fo r eyegaze but also
fo r headpointing; it  is inte rf aced  with a
computer fo r sys tem so ftware  up load  and
download  which al lows  fo r ind ividualized
configurat ion o f  the  sys tem f rom one  user to  the
othe r; and, i t  is complete ly portab le .

Des ign

The  eyegaze /headpoint ing communication and
environmental contro l  system consis ts  o f  three
majo r components : the disp lay, the  sys tem
contro l le r, and the  environmental contro l  unit
(ECU). A personal computer (PC) is used in
order to take  advantage o f the low cos t mass
storage and p rint ing devices  available through
the  compute r.

The  d isp lay unit  is  mounted  in f ront o f the  use r
with an ad justab le  mounting  arm. Within the
disp lay panel is  a mod if ied  EyeTyper 300 which

serves  as  a slave  sensor and  provides  user
eyegaze /headpoint ing  d irection info rmation to
the system contro ller via a serial
communications l ink. The  d isp lay consis ts  of  a
panel of  eight l ight emitt ing d iodes  (LEDs)
arranged in a square around the eyegaze sensor
aperture  in the  center o f the  d isplay.
Photographs , text o r symbo ls can be  manually
f ixed  around each LED. An aud io speech output
amp li f ie r (and speaker) p resents  speech output
selections. Spoken output is presented  f rom the
disp lay panel in c lose proximity to  the  user so
that a strong assoc iation develops between the
user selection and  the aud io message. A video
signal c ircuit uses data f rom the  EyeTyper to
generate  a video image  on an exte rnal monito r
of  the use r' s  f ace  as  i t  is  ' seen'  by the
EyeTyper. This image is  used by the
clinician /supervisor to optimal ly position the user
in f ront of  the eyegaze  sensor and  to  make
certain that there  are no  anomalies in the
environment which inte rf e re  with the sensor' s
perfo rmance.

The system control le r is  a cus tom designed  and
bui lt  compute r which controls  the operation o f
the communication sys tem using a
programmab le Guide. The Guide al lows  a
cl inic ian or superviso r to  specify the  operating
mode  and to def ine  the  ECU f unc tion, i f  any, o f
each poss ible  use r se lect ion. The  PC is  used to
manage and  communicate  the Guide  to  the
system contro ller via a se rial communications
interface. Speech is  d ig ital ly recorded with the
system contro ller ei ther d irect ly, by us ing a

mic rophone interface, or by using messages
which have previously been stored  on the  PC.
During  sys tem operat ion, the system control le r
receives, processes, and  stores data from the
slave eyegaze sensor. Depending on the
programming of  the  Guide , the system control le r
may: rep lay a digi tally reco rded  word or phrase,
and  /o r init iate some ac tion via the  ECU. The
device  is  also a data logger for use during
clinical research. I t  stores all  info rmation
describ ing use r pe rfo rmance  so  that it may be
downloaded to the PC fo r storage  and  cl inical
evaluation.

The  environmental contro l unit (ECU) is an X  -10
Powerhouse which is  inte rf aced to  the sys tem
control le r via a se rial  communication l ink. The
system contro ller ini tiates commands to  the  X-
10 which causes  the  des ired ac tion o f a device
turning  on or o f f  in the  user' s environment.

Deve lopment

The  eyegaze /headpointing pro totype  took 18
months fo r deve lopment with continual cl inical
alpha tes ting and  f eedback. The  operat ion of
the eyegaze /headpointing communication
sys tem can be eff ec tively p resented  as  four
discrete steps: setup  us ing the  PC, user
calibrat ion, use r communication, and  data
evaluation. The f i rst two  steps configure the
communication aid  and the las t step  al lows  data
for research o r monitoring of  the prog ress of  the
user. Calibration is necessary using  the eyegaze
sensing technology of  the EyeTyper. For
headpointing , no calibration is  necessary to
reliably use this  device.

The  setup procedure involves using the PC to
configure  the  Guide  to spec if y the ac tions of  the
system contro ller which are  ini tiated by each
user selection. The  Guide may be entire ly
original,  o r p reviously s to red on the PC. Once
specif ied , it  is  downloaded to the system
contro lle r in o rder to be used. The second s tep
in the setup  phase is  the de finit ion of spoken
messages which wil l be  p resented to  the  use r.
The  PC may download previously stored
messages  to  the sys tem contro lle r for reuse, or
may ini tiate the  recording  o f new messages.
The  f inal step in the setup  procedure  is  the
specif icat ion o f the  dwel l time and eyegaze or
headpointing mode. The dwe ll  time is  the
leng th o f time  the  use r' s gaze  mus t f ixate  on a
desired selection /symbol to initiate any action.

The  user must calibrate  the eyegaze  prototype
which is a p rocess by which the sys tem
contro ller develops  a co rre lat ion between the
actual direct ion o f the user's gaze  and  the
perceived d irection o f the user's gaze  as 'seen'
by the  eyegaze sensor. At cal ib ration, a re lation
is made  between an infrared  re f lec tion from the
retina /cornea of the  eye and a ref lec tor target
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placed beneath the user's eye. The  target
creates  a point of  ref erence with rospoc t to  the
pos it ion of  the  pup il  so that eye  movements
may be easily observed by the eyegaze sensor.
Cal ibrat ion is necessary due  to  the natural
variations  in the  phys iology o f the  eye within
the  human populat ion and because the  refe rence
targe t cannot be rel iab ly placed in the exact
same position during each use. When
cal ib rating , the user gazes at a spo t on the
disp lay panel for several seconds  after having
been p roperly pos itioned by the
clinician /researcher.

To  the  use r, the  communication sys tem looks
like a panel of  pictures  with an LED assoc iated
with each. When the user gazes  at a particular
picture , the assoc iated LED lights up. If  the
user continues to  look at that same p ic ture  f or a
period  of  t ime  (.5 - 8  seconds ), then a selection
is recognized by the  system contro lle r. For
examp le , if  the  use r gazes  at the photo of  the
televis ion, then the  sys tem control le r lights  the
display panel LED, waits for the appropriate
dwell t ime, init iates  an ECU command to  turn on
the  te levision, and audibly replays the  message
which says  " I  want the  televis ion on." The user
may continue to  make  select ions one after
anothe r o r may make a selec t ion, look away
from the disp lay pane l, then look back again
some t ime  late r to make  another se lec tion.

The system control le r stores  any act ion taken by
the  user in its memory and dates it.  This data
can then be  downloaded  to the PC's memory,
sto red , and  output in a fo rmat which makes
data analysis poss ible.

Evaluation

The desc ribed eyegaze /headpointing prototype
was  f ield  tested with four s tudents /subjects,
ages 6  -16, with varying  degrees  of  mental
retardation and severe physical handicaps.
Although the enhanced  and modif ied  p ro to type
was  a s ignif icant improvement over the orig inal
device, the re  was  a continual need  to modify
and  troubleshoo t the  p rototype  based on
research and clinical input. Through intense
training  and pract ice, the sub jec ts  al l learned to
use the technology and the ir quali ty of  l if e was
greatly improved when they were  able  to
communicate and make cho ices  in the ir
environments  f or the  f irst t ime in the ir l ives .

Discussion

The mod if ied Eyetyper used in this  research has
been tremendously enhanced, yet is  st ill
somewhat p rimit ive . This  research supports the
use of properly designed eyegaze /headpointing
technology with people who  have  mental
re tardation and po ints  the  d irec tion f or f uture
research.
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P2.6 Y o u r  E x p r e s s i v e  S o c i e t y  ( Y E S )  A n  A u g m e n t a t i v e

C o m m u n i c a t i o n  U s e r s  S u p p o r t  G r o u p

D a n n e l  C .  F r i e l
G i l l e t t e  C h i l d r e n ' s  H o s p i t a l

Abstract
Augmentative /alternative commun-
ication users and therapists were
expressing a desire for more
experience and support in the use
of their systems. From this desire
an augmentative /alternative commun-
ication users support group was
formed. The group was founded in
October 1990, and consisted of
eight augmentative /alternative
communication users. Group and
individual goals and strategies to
accomplish them were identified
and executed. We have success-
fully Christmas carolled at a
local mall and are planning many
other public activities which will
enable us to fully participate in
society. The presentation will
include information on how the
group was formed, group activities,
examples of individual goals and
the joys and sorrows inherent in
such a group. A video tape of
activities, including Christmas
caroling will also be presented.

Background
We have provided augmentative/
alternative communication services
for individuals of all ages for
approximately seven years. In
recent years, clients and
therapists, utilizing our
services, came to us expressing a
desire to have more public
interaction and communication
experience in real life
situations. They felt users were
not effectively communicating
outside the therapy setting.
Clients incorporate a variety of
augmentative systems while
communicating including Real
Voice, Touch Talker, Light Talker,
coded E -tran system with Bliss
Symbols, and manual boards.

Objective
The group primary goals are to
practice communicating and to
create a support network. The
secondary goals are to familiarize
communicators and therapists with
the capabilities and limitations of
the systems and to present users to
the public as effective
communicators.

Method /Approach
We began by focusing on
preparation for structured,
public, group activities. We
chose our first public activity,
singing Christmas carols at a local
mall, not only to give us security
in numbers, but to allow the
public to encounter us
comfortably. Preparation
consisted of practicing songs
chosen by the group at biweekly
meetings. This provided a relaxed
atmosphere, allowing individuals to
become familiar with one another;
discovering strengths and
weaknesses. Because our first
public activity was so successful,
the group agreed to continue to
meet. The members further defined
their needs, which encompassed
individual as well as group needs,
and new goals were set
accordingly. For individuals
communication exchanges and
strategies for execution are
identified, for completion outside
the group. Results of the
communication exchanges are
reviewed at the next meeting.
Group activities and strategies
which are in areas of interest to a
majority of the group, are also
identified. The communication
exchanges, group activities and
meetings are designed to provide
opportunities for communicating
with a variety of people, in
various environments, as well as
the sharing of ideas and
experiences with others that rely
on augmentative communication
systems for communicating.
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Results
1. The group first met in October,
1990, and included 8 members. More
and more people became interested
in the group, including users,
therapists, other invested
personal, and the media.

2. Members learned new features
and limitations of their devices.
More technical difficulties were
encountered then expected.

3. Friendships developed. Members
became supportive to one another
outside the group, not only for
communication, but for other
personal needs.

4. Communication became more
.spontaneous and members are
showing more interest in what and
how items are programmed into their
devices.

5. Public acceptance was
surprisingly positive.

Discussion

ALL THE PARTICIPANTS HAVE HAD FUN!
We currently have the original
eight participants, and are
considering expanding membership,
including a long distance (via
telephone) member.

Despite heavy investment of time
necessary to overcome technical
difficulties and learn new
features, this became an
educational activity for
participants, as they were able to
learn problem solving strategies.

The friendships that have
developed indicate how successful
and meaningful this support group
has become.

We discovered people just wanted to
participate in activities that most
take for granted, as is apparent in
the following sample of planned
activities: make telephone calls,
initiate conversations, write
letters, go on a picnic, put on a
play, go shopping, read to
elementary students, participate in
a backyard newscast, sing again,
expand membership. These
activities and the communication
spontaneity indicate that
individuals are learning to
exercise more control over their
lives.

Group performances provided
opportunities for people of the
community to observe persons with
disabilities, without being self
conscience about staring.

Your Expressive Society Is
Sponsored By Express Yourself
Incorporated and Gillette
Children's Hospital

Dannel Friel
Gillette Children's Hospital
200 E. University Ave.
St. Paul, Minnesota 55101

Peg Johnson
Express Yourself, Incorporated
P.O. Box 16374
St. Paul, Minnesota 55416
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P2 ,7 THE EFFECT OF ELECTRICAL STIMULATION
ON HEALING RATE IN DIABETIC PATIENTS

L.L. Baker, F. Villar, S. DeMuth, J. Burnfield, R.B. Chambers
University of Southern California, Department of Physical Therapy &

Rancho Los Amigos Medical Center, Ortho- Diabetes Service
Los Angeles, CA USA

ABSTRACT

Electrical stimulation has been proposed as a means of
enhancing the healing process in patients with hard-to-
heal ulcers. Three types of electrical stimulation, and a
control protocol have been studied in a sample of 40+
diabetic subjects. The three stimulation protocols used
two different waveforms and frequencies, and three
different phase durations. The control protocol provided
no stimulation. Preliminary data indicate that the
stimulation does  enhance the rate  of wound healing,
especially in subjects with small ulcers. Little difference
was seen between the two waveforms used, but a
minimum level of current may be necessary to
demonstra te  the  healing enhancement. More subjects
treated with each protocol are  required before  more
definitive recommendations regarding stimulation
parameters can be made.

INTRODUCTION

Several million persons have reduced resistance to
ulceration of the skin and soft tissues. This is most often
due to impairment of cutaneous circulation and /or
surface areas subject to high levels of external pressure
for prolonged periods of time. For over twenty years
reports of the therapeutic effects of electrical stimulation
in facilitating wound healing have sporadically appeared
in the literature. To date only two reports of controlled
studies  des igned to detennine the degree of efficacy
electrical stimulation may impart to the wound healing
process have been located in the literature (1,2). These
studies assessed the effectiveness of two very different
forms  of electrical s timulation on small, heterogenous
patient samples. Although the results from these studies,
and others assessing healing in animals models (3,4), are
promising, many questions related to mechanism,
etiology, and stimulus parameters remain unanswered.

This  paper is the firs t  report from an ongoing s tudy
designed to prospectively assess the effects of three
forms of electrical stimulation on the healing of diabetic
ulcers. Further work in the  spinal injured population
will provide additional information relating ulcer
etiology, healing times and s timulation effects (5). A
control group, receiving no stimulation, has been
included in this diabetic patient sample.

METHODS

Three forms of electrical stimulation, all either described
in the literature or traditionally used in the c linic, are
being evaluated for their effects  on healing ra te . A
fourth group of subjects have served as non - stimulated
control patients. All subjects have been physician
approved for participation in the study, and a ll  have

agreed to participate in the study, without knowledge of
which treatment group they were assigned. All subjects
received physician prescribed treatments, with the
stimulation added to their regimen. Ventilatory function
and nourishment s ta tus  were  monitored, as  was the
quality of subject's diabetic control. Most patients had
experienced some form of wound infection, assessed
through wound culture . All subjects with infections
were  placed on aggress ive  antibiotic  therapy prior to
entering the stimulation study.

Electrical stimulation treatment protocols included three
30 minute treatment sessions per day, 5-7 days a week.
All patients were given stimulators (Ultrastim by
Neuromedics, Houston TX) which cycled to a pre -set
amplitude for the desired treatment time. Patients in the
control group carried out the  same protocol as  other
patients , but the lead wires  to the  patient had been
disabled and could not carry current. The four treatment
protocols consisted of:
A) Asymmetric  balanced biphasic pulse of 0.1 ms

duration set at a frequency of 50 pps. Amplitude
was set below motor contraction levels.

B) Symmetric balanced biphasic pulse of 0.3 ms
duration set at a frequency of 50 pps. Amplitude
was set below motor contraction levels.

AM) Symmetric balanced biphas ic  pulse of 0.01 ms
duration set at a frequency of 1 pps. The
amplitude for this average microcurrent group was
arbitrarily set to 4 mA.

Q The non - stimulated control group used the AM
protocol and the disabled lead wires.

Electrical stimulation was applied through electrode
placements which included the area of ulceration but
minimized the likelihood of creating a stimulated muscle
contraction. Electrodes were placed around the area of
ulceration, but not in contact with the wound.

Every one to two weeks the research therapist assessed
the size of the ulcer(s) on each patient. This was done
by taking a photographic close  -up with a ruler in the
picture. Photographs  were subsequently digitized for
both area  of the  wound and the perimeter around the
wound. Deeper ulcers were assessed by measurement of
the volume of sterile saline required to fill the ulcerous
cavity. This technique, however, was often not possible
in the diabetic patients who demonstrated foot ulcers.

Data analysis was done by converting the data to a rate
of healing value. Rate of healing was defined as the
difference between the  present wound size  and the
original wound, divided by the original wound size and
divided again by the number of days between the  two
measures. When multiplied by 7, this was interpreted as
the percentage of wound closure per week.
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RESULTS

A total of 51 diabetic patients have been, or are being,
treated in the research project. Data  from 40 wounds
have been subjected to statistical analysis at this time.
Because of the small number of wounds in each
treatment group, analysis has been restricted to
descriptive statistics only at this time. Data are
presented in Table  1. It  can be seen that the  three
stimulation groups have a slightly better rate of wound
healing then does the non- stimulated control group,
although the number of wounds in each treatment are
very small.

Table 1. Healing Rates for All Diabetic Wounds
Treatment Rate of Healing Number of Wounds

(percent closure /week)
A 16+5.6 10
B 14

+

2.7 13
AM 14 + 3.0 13
C 12+1.1 4

Because the number of control wounds is so very small,
and by chance most of the control wounds were small in
size  to begin with, the data  were further stratified for
evaluation of only those  wounds which had an initial
area  of less then 5 crn. These data are  presented to
Table 2. The stimulation group receiving the
symmetrical biphasic waveform demonstrated a
cons iderably greater ra te of wound closure then the
groups receiving minimal stimulation levels (AM) or no
stimulation (C). These data are, however, very
preliminary at this time.

Table 2. Healing Rates for Wounds less then 5 cmr
Treatment Rate of Healing Number of Wounds

(percent closure/week)
B 20 ± 45 5
AM 12+2.7 7
C 13 +1 .5 3

DISCUSSION

Although our data is pre liminary, it  does appear that
electrical stimulation enhances the  healing process in
diabetic patients, even when they are receiving relatively
aggressive 'standard care'. More subjects must be added
to the data base before specific recommendations
regarding stimulus protocols can be made. The apparent
therapeutic effect of the  AM treatment group, which
received a minimal amount of actual current, was
unexpected and will require further evaluation. It may
be that the  rate  of healing enhancement is  dependent

upon the  size  of the  initia l wound, as sugges ted by
Table 2. Further stratification by wound size and other
variables, such as presence or degree of neuropathy, will
require expansion of the present data base. Our goal is
to treat a minimum of 20 patients in each group by the
completion of the study later this year.

Addition of e lectrical stimulation to standard wound
management appears to enhance the healing process, as
shown by this  preliminary data and reported by other
investigators (1-1). This study has evaluated the effects
of the  treatment intervention in a sample with s imilar
etiology, i.e., diabetes. This is the only s tudy to date
which has attempted to evaluate the effects of
stimulation on a  sample  with similar pathophys iology.
The effects of electrical stimulation may or may not be
the same in other patient populations. A companion
study, evaluating spinal cord injured patients with
decubital ulcers, may assist in determining the specificity
of the therapeutic stimulation effect(5).

Preliminary data from transcutaneous oxygen assessment
(6) indicate that increased circulation and oxygen
delivery to the s timulated tis sues  may be at least one
physiologic effect enhanced by the addition of electrical
stimulation. Other physiologic effects of the stimulation
may become evident as  the data base is expended and
more effective stratification can be done. A bacteriostatic
effect of stimulation has been proposed and since many
of our patients were infected it may be possible to assess
the  rate  of c learance of the organisms. All of these
patients , however, were  undergoing very aggress ive
antibiotic treatment, so a high rate of micro- organism
destruction wound be anticipated. A difference in the
number  and r a te  of  c l ea n wounds  in the  A and  B
treatment groups, compared to the AM and C groups,
would lend credence to a bacteriostatic effect.

While there is much yet to be done before the type of
electrical stimulation best suited to enhancement of
wound healing can be determined, the present study has
begun to demons trate similarities and differences
between three stimulation protocols. While waveform
does  not seem to be  a  major factor in determining
healing rates,

as

demonstrated by the similarities of the
A and B treatment protocols, a minimal level of current
may be, as shown by the negligible effect of the AM
protocol, especially in the subgroup with small wounds.
Further assessment of these protocols in an expanded
sample will hopefully provide more specific
recommendations for the clinician who chooses to add
electrical stimulation to their treatment regimen for the
management of hard to heal wounds.
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Multichannel Electrical Stimulation System for Gait Assist and Cyclical Stimulation

Paul Meadows, Joyce Campbell, Robert Waters, Chris Jordan & Cindy Wederich
Rancho Rehabilitation Engineering Program

Downey, CA

ABSTRACT

A portable eight channel Functional Neuromuscular
Stimulation (FNS) system has been designed to support
research in the application of electrical stimulation to
gait assist in stroke patients. This portable system may
be worn by a patient during gait or used as a table -top
multichannel cyclical stimulation system. Non - volatile
memory is used to store all cyclical and gait stimulation
parameters as well as stimulation calibration data. The
device is programmed for a patient via a CRT terminal.
System description and case history data are presented.

INTRODUCTION

Electrical stimulation has been utilized by many
researchers and clinicians to facilitate gait in patients
with neurological deficits. This has also been a major
research interest at our center for a number of years now
in the areas of both therapeutic and functional
applications. The device described here is the result of
that interest and the development of numerous
multichannel stimulation systems, including standard
surface electrode and implanted electrode systems and
implanted stimulator and electrode systems.

A number of portable multichannel stimulation systems
have been developed to facilitate gait in hen-j- and
paraplegic persons at major research centers around the
world. Gait training of stroke patients with first custom
and then a few years later with commercially available
dual channel stimulators has been a regular part of
treatment at our medical center for years. The dual
channel stimulator originally developed at our center
could be triggered by footswitches and secondary
stimulators could be linked to expand stimulation
channel capability.

In Ljubljana, a six channel microprocessor based
stimulator was developed which used heelswitches to
detect stance and swing and which could regulate the
delivery of stimulation based upon timing information
derived from the heel switches (10). More recently
Ljubljana has developed smaller and lighter,
microprocessor based dual channel stimulators which
rely upon sensory nerve stimulation to elicit the
withdrawal reflex and thus initiate swing (1).

At Case Western Reserve University and the VA
Hospital in Cleveland, 32 channel systems have been
developed to stimulate the lower limb and trunk
musculature of paraplegics for standing, ascending and
descending stairs and level ground walking (6). Case is
currently developing an implantable 8 channel system
(8) which will replace the 32 channel system above and
an external 16 channel system (2) used for upper

P2.8

extremity stimulation for restoration of hand function in
C5-C6 quadriplegia.

Other implanted systems have been developed to
replace external systems. Our center, using the chip set
from a cochlear prosthesis developed by Stanford (5) has
developed an 8 channel implantable stimulation system
which could be used with nerve cuff electrodes (7).
More recently implantable devices with sixteen or more
channels have been presented by researchers in London
(4) and by MiniMed of California (9). Of course, most
all of the aforementioned devices are not commercially
available, and in particular, implantable systems will not
be available to clinical researchers in sufficient quantity
for several years to come. The stimulator described in
this paper was designed to meet a number of design
requirements. We needed a device which would
support at least eight channels, would work for both
therapeutic training and functional use, would work
with different types of surface and implanted electrodes,
would be portable and light enough to be practical for
gait, and would be microprocessor based to allow a
variety of control algorithms and interfaces to be
implemented. Since no commercial devices meet these
criteria, nor are any research devices available from
other centers, we have continued to develop our own
stimulation equipment.

DESIGN

System Specifications

A summary of the stimulation specifications for the
stimulator may be found in Table 1. The stimulator has
eight active stimulation channels, but has sixteen
outputs, with eight indifferent electrodes, any one or
more of which may be assigned to an active electrode
channel.

Table 1. Stimulation Specifications:

Number of Channels: 8
Electrode Configuration: Mono /Bipolar
Stimulus Waveform: Asymmetrical or

Symmetrical Biphasic
Maximum Current: 150 mA, 1K load
Current Resolution: 1 mA
Pulse Duration Range: 10

-

350 us
Pulse Duration Resolution: 1
Inter Pulse Interval (IPI): 10

-

1000 ms
IPI Resolution: 10 ms
Pulse Interphase Delay: 50 us
Stimulus Ramp Up /Down: 1 -200 pulses

RESNA 1 4th  ANNUAL CONF ERE NCE • KANSAS CI TY, MO. 1991 391



Multichannel Stimulation System

Description of Hardware

The portable stimulation system resides in a plastic
enclosure measuring 7.5 "x4.5 "x2.5" and has two eight pin
RJ45 connectors for eight channels of bipolar stimulation
electrode connections, two six pin RJ12 connectors for
five channels of digital and analog input to the
stimulator system for triggering information, a  four pin
RJ11 connector for RS-232 serial communication to a host
terminal or computer and a charging jack. A two line
LCD display module is used for all messages and menu
options  in conjunction with a three pushbutton array on
the side of the chassis above the connectors.

Internally there are three circuit assemblies. The first is
a backplane with power management circuitry
including: a dual level float charger circuit for the
internal 12VDC 0.8AHr sealed lead -acid battery, a
12VDC to 5VDC switching regulator and a 5VDC to +/-
15VDC dual switching regulator.

The second assembly is the CPU board which utilizes
the Motorola MC68HCIIAlFN eight bit CMOS
microprocessor. Table 2 describes the specifications for
this circuit board.This board connects to the backplane
with a proprietary 50 pin bus.

Table 2.: CPU Board Specifications

Microprocessor: MC68HCllAlFN
Bus Speed: 2 MHz
CPU RAM: 256 Bytes
CPU EEROM: 512 Bytes
CPU A/D System: 8 Channel, 8 Bit
EPROM Space: 32 KBytes
RAM Space: 8 Pages, 32 KBytes each,

Battery Backed
Serial Port: RS -232, 9600 Baud
Digital I /O: 16 Input, 8 Output
Display Interface: Seiko M1632 2 line x 16

character LCD Module
Microprocessor Security: MAX691 Supervisor and

backup battery controller
Backplane: 50 pin proprietary

The third assembly in the system is a biphasic pulse
generator. This board connects to the system with the
50 pin bus  and has on board control and timing registers
to generate monopolar or bipolar, asymmetrical or
symmetrical biphasic stimulation pulses of any
magnitude up to 150 mA and phase durations up to 350
microseconds on any of eight channels. Once loaded
with stimulation information, pulse generation is carried
out automatically by this assembly. No high voltage
power supply is required by this board.

Electrodes currently in use are surgically implanted
epimysial electrodes (3), although any surface or
implantable electrodes could be used. These electrodes
are titanium disks, approximately 1 cm in diameter
which are attached to silicon impregnated dacron mesh
sheets which are sutured to the muscle of interest at the
point of nerve entry to the most excitable region of the
muscle when the nerve twig is inaccessible. A silicon
insulated, coiled, multistranded stainless steel wire is
attached to the electrode and is brought out
percutaneously to an external multi-pin connector.

Operational Description

The stimulator operates in three modes: programming,
cyclical stimulation and gait stimulation. Any serial
terminal or computer system can be attached to the
stimulator's RS -232 9600 Baud port and any of its
programming functions can be selected. These functions
include: storage of patient identification, calibration of
stimulus output characteristics, programming of cyclical
stimulation and programming of gait stimulation
parameters. All programmed parameters are stored in
CPU EEROM, a non - volatile form of read /writable
memory.

Cyclical stimulation parameters include: treatment
duration in minutes; rest time between stimulation
bursts in seconds; stimulation amplitude in mA for all
eight channels , stimulation ramp up /down /hold times,
stimulation waveform (symmetric or asymmetric
biphasic); electrode configuration for each channel
(mono /bipolar); if bipolar electrode configuration, then
which indifferent electrode(s) are associated with each of
the eight active electrodes; the stimulation Inter Pulse
Interval (IPI) for each channel in ms; the pulse threshold
and maximal phase durations to be used in ramp
up /down; and the delay of triggering for each channel
from the group trigger.

Gait stimulation programming includes all of the above
except treatment and rest time parameters, with the
addition of the following parameters : whether a
pressure sensor or a heel switch is used for gait
triggering; if a pressure sensor is used, then the pressure
on /off limits are requested; whether each channel is
associated with heel on or off for trigger source; what
the delay from trigger event is for each channel in
milliseconds; and finally whether or not the stimulator
should continue to re- trigger itself in stance if the swing
phase is not initiated.

APPLICATION

In a Research and Development Project funded by the
National Institute on Disability and Rehabilitation
Research, we have used this portable stimulation system
to study the short term application of implanted
epimysial electrodes with percutaneous leadwires and
multichannel electrical stimulation for improvement of
gait in stroke and head trauma patients. Epimysial
electrodes (described previously) were implanted on
muscles which are difficult, if not impossible, to
selectively stimulate at functional intensities with surface
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elec tro d es . Elec tro d es  we re imp lant ed  at  t he s ame t ime
as  s urgic al inter ventio n to  imp ro ve fo o t p o s ture. T he
ins ulated  c o iled  le ad wir e is  b ro u ght p erc u taneo us ly to  a
Canno n IT T  c o nnec to r b lo c k. T he c o iled  wire allo ws  the
lea d wire to  fle x a nd  to  ext end  with limb  mo ve men t,  to
p reve nt irrit at io n ,  in fec t io n a nd  lead wire b reak age.

CAS E R EP ORT

One o f o ur p atients ,  KB,  is  a 46 year o ld  female,  1.5
years  p o s t  s tro ke p a tient  who  was  imp lan ted  in July o f
1990 with n ine e p imys ial e lec tr o d es :  o ne o n th e glu teo us
med iu s  an d  fo ur  o n  t he  g lu te us  maximu s  an d  two  o n
the lo ng head  o f the b ic ep s  femo ris  mus c les  fo r s tanc e
s up p o rt ,  and  t wo  o n t he s ho r t  head  o f the b ic ep s  femo ris
to  as s is t  d uring the s wing p has e o f  gait . KB' s  gait
c harac t eris t ic s  are s ummariz ed  in T ab le 3 b elo w. T he
init ial  mea s ur emen ts  were  ma d e p rio r to  elec tr o d e
imp la nt at io n  a nd  f ina l me as ur eme nt s  we re ta ke n in
Oc to b er,  1990.

Tab le 3. Gait  Mea s ure ment s  fo r KB

Velo city Cad e nc e S trid e Knee P eak
Len gth Ang le Hip

@HS Ang le

m / min s t e p  /min  m d e g d e g

Init ial 23 36 0.65 20 22

F inal 37 40 0.91 9.8 27

F ro m the d ata a b o ve  it  c an b e  s een  tha t  the re wa s  an
inc reas e in ga it  velo c ity,  numb er o f s tep s  p er minute,
and  leng th o f ea c h s trid e,  all o f whic h ind ic ate  that  KB
c o uld  walk  fa s te r a nd  far ther  with the  s t imu lat io n
s ys tem tha n b efo re. T he k nee a ngle at  he el s t rike
meas u reme nt ind ic a tes  that  KB was  a b le to  s t raig hten
her leg muc h b e tte r at  th e te rminatio n o f s win g p h as e
fo r mo re  s tab le  s ingle  limb  s up p o rt .

DI S CUS S I O N

T he eig ht c han nel s t imula tio n s y s te m is  imp ro v ing
walk ing in o ur s tro k e p a tien ts . T he s ys t em h as  g ro wn
fro m its  o riginal eight  c ha nnel mo no p o lar ,  60  rrA
s ys t em v ers io n,  to  a  ver s io n  whic h wo uld  s up p o rt  two
eig ht c ha nne l R F  p o we red  imp la nta b le  s t imu lat io n
devic es . T he s ys tem is  c urre ntly  b ein g eva luat ed  at  the
Divis io n o f Neuro s c ienc e,  Univers ity o f Alb erta,  at  the
Univers it y o f Utah  Med ic al  Center,  and  is  s o o n to  b e
evalu ated  at  the Divis io n  o f R es to rative Neuro lo gy  and
Huma n Ne uro b io lo gy a t  Ba ylo r Me d ic a l S c ho o l and  at
the Mo b ility Res ea rc h and  As s es s ment  Lab o rato ry at  the
S o uthwes ter n Med ic al C enter o f th e Univers it y o f T exas .
T he p o wer,  n umb er o f c ha nnels ,  p ac ka ge and
o p eratio nal fea tures  h ave p ro ven to  b e very  b enefic ial to
o ur res ear c h p ro gra ms  and  we  ho p e to  the  p r o gr ams
ment io n ed  a b o v e as  we ll.
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TRAINING TOOLS FO R A NEUROPROSTHETIC HAND SYSTEM

Brian T. Smith, M. J. Mulcahey, Ronald J. Triolo, and Randal R. Betz
Functional Neuromuscular Stimulation Laboratory
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Philadelphia, PA

ABSTRACT

Clinical tools are being developed to train
children with cervical level spinal cord injuries
(SCI) and spastic quadriparesis, cerebral palsy
(CP) in the control and operation of a
neuroprosthetic hand system. A shoulder
transducer used to control grasp stimulation has
been interfaced to a remote control car and
personal computer to simulate all aspects of  h
system operation. Both training aids will be
adapted so that various control sources and
techniques can be implemented and evaluated.
subjects have used the remote control car and
subject has used the computer simulation.
Protocols are being developed to use these
training tools on a consistent basis to train all
future hand system users.

B A C K G R O U N D

and

Two
one

Our research laboratory is implementing a
neuroprosthetic hand system [1,2] to restore hand
function in children with cervical level spinal
cord injuries and spastic quadriparesis, CP. For
children with spinal cord injuries, lateral and
pahnar prehension patterns are developed; for
children with CP, functional patterns are
developed to enhance voluntary control and to
counterbalance spastic motor patterns.

The neuroprosthetic hand system consists of
percutaneous intramuscular electrodes implanted
in muscles of the hand and forearm, a
multi- channel, microprocessor controller that
delivers stimulation current at programmed
frequencies and pulsewidths, and a shoulder
position transducer for grasp control. The
shoulder transducer translates the position of
the contralateral shoulder (relative to the
sternum) to an electrical signal that is
interpreted by the stimulation unit as a measure
of the amount of grasp flexion desired. In this
way, an individual can continuously control a
grasp by either depression and elevation or
retraction and protraction movements of the
shoulder. A switch mounted on the transducer
allows the user to choose a functional pattern.
When the control switch is depressed, audio cues
provide feedback concerning the system mode
(grasp selection, on /off, etc.).

Studies have been performed to evaluate shoulder
movement as a control source for the
neuroprosthetic hand system. The shoulder
transducer has been interfaced with various
devices including an X -Y plotter [3], personal

computer [4] and graphics controller [5], to
provide visual feedback on shoulder movements.
Results of these studies have shown that
contralateral shoulder movement is an effective
method for adults with C5 and C6 spinal cord
injuries to control a neuroprosthetic hand
system.

STATEMENT OF PROBLEM

The neuroprosthetic hand system was designed
and has been used primarily by adults with sp'
cord injuries. Over the past two years this
technology has been adapted to restore or a ugm
hand function in the pediatric SCI and CP
populations. The diversity of motor, cognitive,
and perceptual skills encountered in these
populations requires individualized system
training and investigation of alternative control
techniques. Presently, there are no clinical
tools to train these children to operate the
neuroprosthetic hand system, or to evaluate new
or enhanced methods of control.

RATIONALE

for
mal

In order to use the neuroprosthetic hand system
functionally, children with spinal cord injuries
require retraining in control of residual
proximal motor function and training in
compensatory skills for balance and mobility;
children with CP require  training to compensate
for motor, perceptual, and cognitive
limitations. These characteristics, coupled with
the unique approach to rehabilitation required
within the pediatric population, demonstrate the
need to design training and evaluation tools for
the hand system.

ent

The importance of these training aids lies in the
ability to use them before functional grasp
patterns are created. Currently, subjects are
introduced to the operation of the shoulder
transducer only after grasps have been
established. This process typically takes at
least six weeks of electrode implantation,
immobilization, and stimulated exercise. This is
an optimal time to train a subject in the
operation of the stimulation system, and to
determine the user- specific control parameters.

Interactive tools which simulate aspects of
system operation and can be used to determine
control parameters, can make a subject a
competent user before functional grasps are
finalized. With such tools, present shoulder
control techniques can be enhanced and evaluated,
and alternative means of grasp control can be
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investigated for subjects whose cognitive and /or
physical limitations render the shoulder
transducer inappropriate.

DESIGN

The shoulder transducer has been interfaced with
both a remote control toy car and an IBM 386
computer. Interfacing the shoulder transducer to
a remote control car allows the user to become
familiar with the shoulder motion and button
activation employed during hand system operation.
The computer offers the programming flexibility,
graphics capabilities, speed, and tone generation
neccessary to simulate completely the operation
of the neuroprosthetic hand system.

Remote - control car

The remote - control car can be operated with the
shoulder transducer in two ways. First, by
moving the shoulder from a depressed or retracted
position, through neutral, to an elevated or
protracted position, the car will move in
reverse, stop, and then forward, respectively.
In the second mode, the control switch is
continuously activated to force the car to move
forward. As the shoulder is ranged from a
position of depression or retraction, through
neutral, to an elevated or protracted position,
the car will now turn left, go straight, and turn
right, respectively.

The interface allows the range of shoulder motion
that controls each car movement to be adjusted to
the needs of the individual. As a user becomes
more profftcient controlling the car the ranges
can be reduced, thus requiring finer shoulder
control to "find" a desired car direction.
Conversely, for a user who has difficulty with
shoulder control, the ranges can be expanded.
This feature is used to quantify changes in
proximal shoulder control using the shoulder
transducer.

Computer simulation

A menu driven program written in Borland Turbo C
simulates the entire hand system. The simulation
allows the input of system parameters such as
shoulder transducer gain, threshold velocity, and
control axis. When the control switch is
depressed, the computer generates the appropriate
audio tones and a status banner on the screen
highlights the operating modes. With the
shoulder fully retracted or depressed, the user
releases the control switch and a two dimensional
graphical representation of an extended hand

appears for the desired grasp. Depending on the
control axis, as the operator protracts or
elevates the shoulder, the animated hand closes.
A command range gauge indicates the fraction of
full grasp flexion at any given time. With the
simulation, the operator can practice opening and
closing the hand to determine if the transducer
parameters should be modified.

DEVELOPMENT

The long range goal of this project is to use
these tools clinically to determine the optimal
control modalities for each subject; once
established, the skills necessary to operate the
neuroprosthetic hand system can be strengthened.

Various control sources and techniques will be
adapted for use with the remote control car and
the computer. New methods of control can be
tested and refined with these training tools,
allowing us to better evaluate the feasibility of
their functional use. The simulation program
will also be expanded to include tracking tasks
and games which emphasize the isolation of
shoulder movements.

Protocols will be established to use these tools
throughout a subject's participation in the
program as well as during the physical screening
evaluation to determine if an individual can use
the shoulder transducer to control grasps.

EVALUATION

The remote control car was used with both a nine
year old child with a C7 level SCI (SP), and a
ten year old child with hemiparesis, CP (DG).
The hand system simulation was used with a 20
year old with a CS level SCI (RB).

The remote control car was incorporated into SP s
system training. When SP began to train with the
car he used the protraction /retraction shoulder
movements to control car direction. During this
first attempt, SP was asked to move the car
forward and backward between two cones placed ten
feet apart. He had difficulty stabilizing his
trunk to elicit proximal shoulder movements,
especially when moving the car backwards with
retraction of the shoulder. For the next
training session, the control axis was changed so
that SP could use the elevation /depression
shoulder movements to control the car. After a
short period of practice, SP could easily
manipulate the shoulder transducer to make the
car move back and forth between the cones.
During the third session, the shoulder ranges
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that permit the car movements were reduced. SP
could still easily perform the car control task
indicating that proximal muscle control may have
improved in fuze coordination. Using the remote
control car system, the proper shoulder control
axis was determined, and the necessary shoulder
motions were mastered before SP was able to use
the complete stimulation system. Because of this
initial training, subsequent instruction could be
focused on quality of prehension for functional
use instead of shoulder control.

Subject DO participated in a pilot study that
provided baseline information for an expanded
effort to implement the hand system with the
cerebral palsied population. As part of this
study DG donned the transducer on the right
shoulder (contralateral to her involved upper
extremity) and was asked to perform the same car
control task as SP. The car was placed in front
of DG so that when the car moved back and forth
it crossed her field of vision. DG encountered a
problem retracting her shoulder (to move the car
backwards) when the car was positioned to her
left. Because of her left neglect she had to
turn her head away from her instrumented shoulder
to maintain visual contact with the car while
simultaneously retracting her shoulder. This
test was not repeated using elevation /depression
shoulder movements, but similiar problems were
anticipated. If DG participated in the hand
system program, emphasis would be placed on
practicing shoulder movements while concentrating
on an object in her field of vision left of
midline.

RB was asked to use the simulation program to
provide feedback concerning its use. As an
experienced hand system user, he had several
suggestions on how the program could be enhanced
including eliminating keyboard inputs and
incorporating help functions that describe
program operation. With these changes RB felt
that the program could be used without
assistance, a feature that he felt was vital to
the success of this learning tool.

DISCUSSION

Using the remote control car, shoulder control
problems specific to each subject were
identified. It is anticipated that similar
problems of balance and coordination will be
encountered with future subjects. Perceptual
difficulties, like those seen with DG, are also
likely to be found in children with spastic
quadrapresis, CP.

The future success of these tools will be gauged
by their ability not only to train future
subjects to use the neuroprosthetic hand system
and isolate potential control problems, but also
to implement and evaluate alternative techniques
of stimulation control.
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Evaluation of the CASE Multichannel FNS System for Restoration
of Hand Function in C5-C6 Quadriplegics

Paul Meadows, Karen Goss, Joyce Campbell, Harris Gellman and Robert Waters
Rancho Rehabilitation Engineering Program

Downey, CA

ABSTRACT

Our center is one of four centers chosen to evaluate a
multichannel Functional Neuromuscular Stimulation
(FNS) system for restoration of grasp in C5-C6
quadriplegics. Over 150 potential subjects have been
screened for inclusion in the study and one subject is
currently using the system. The functional benefits as
well as firmware modifications and outcome are
described.

INTRODUCTION

Spinal cord injury affects over 177,000 persons in the
United States today, with a prevalence rate of 721 cases
per million (2). A significant percentage of these
persons have lesions at the C5-C6 level, rendering them
extremely dependent upon other persons and services
for their daily personal and vocational functions. Any
system which can reduce this level of dependence has
the potential of improving the emotional and physical
well -being of SCI patients, as well as reducing the
economic impact of their dysfunction.

Several years ago a team of researchers at Case Western
Reserve University in Cleveland, Ohio, began to develop
a multichannel FNS system to aid quadriplegic patients
(3,4). Funding was provided by the National Institute on
Disability and Rehabilitation Research. The
percutaneous version of the Case system is now being
evaluated at our center and at three other centers:
Shriners Crippled Children's Hospital in Philadelphia,
the University of Alberta in Edmonton, and the
University of Toronto, Canada.

INSTRUMENTATION

The stimulation system permits the quadriplegic to
regain control of palmer and lateral prehension through
chronically indwelling percutaneous electrodes.
Stimulation is controlled by a shoulder position
transducer worn on the contralateral shoulder. The
transducer senses proportional movement in two axes
and permits smooth modulation of muscle force
generation by shoulder protraction and retraction. A
locking feature in the transducer (logical control by
shoulder elevation) facilitates ease of activities that
require prolonged grasp (writing or eating). The 16
channel stimulation system, carried in a camera case
attached to the wheelchair, is connected to the
percutaneous leads via a small pin connector.

PROGRESS TO DATE

Our first subject, Mary, became quadriplegic in an auto
accident at age 45 (December, 1988). Although she can
volitionally activate a few motor units in the C6-11

P2.10

muscles, volitional muscle test grades for the hand
muscles range from Zero to Poor Minus. Sensation is
impaired to absent in the forearm and hand.

Mary's 16 forearm and hand electrodes were implanted
in three sessions (in surgery at the time of thumb IP
fusion and two sessions in subsequent visits to the
clinic). A stabilization period of 1 -2 weeks was allowed
after each implantation session before electrode profiling
(the determination of electrode /muscle response to
stimulation parameter variance) and functional
stimulation were begun. A cyclical stimulation protocol
increased force production and fatigue resistance of the
implanted muscles. An additional benefit of this
exercise protocol has been a reduction in wrist flexor
spasticity, resulting in greater electrically stimulated
wrist and finger extension.

Within two months after electrode implantation Mary
was able to use the FES system for writing and eating.
Although the provision of gross prehension was rapid
when compared to reports from other centers, Mary's
wrist extension is not sufficient at this time to permit
discontinuation of the wrist orthosis.

As a grandmother and a college student headed for a
degree in computer programming, Mary has many
additional goals for the system including the use of
telephones, computer accessories and audio /video tapes.
Accomplishment of these goals is in progress.

DISCUSSION

While Mary was able to use the FES system for writing
and eating within two months after electrode
implantation, she has yet to achieve sufficient function
in these tasks despite several months of electrically
stimulated exercise. The longest period of functional use
continues to be about one page of writing and
approximately ten minutes of self - feeding compared to
practically unlimited durations using her mechanical
orthoses. Considering that it takes additional time to set
up the FES system for use, that regular exercise is
required and that the stimulator must be charged
regularly, this represents a significant limitation in the
utility of the system.

Despite repeated electrode implantations and training
Mary still does not have adequate electrically stimulated
thumb extension for activities such as hand opening to
pick up a pencil. The pin used in the thumb IP fusion
causes pain due to the pin pressure during palmer pinch
at this time and will require removal in the near future.

A significant problem area is the programming of
information for the stimulator. The software provided
to the clinical team at each center is a sophisticated set
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of programs which has taken a tremendous amount of
effort to produce by Case personnel. A number of help
screens have been provided and many useful error
messages are available to guide clinicians in the use of
the system.

However, in a system as complex as this multichannel
system where any number of variables can make a
significant difference in the grasp pattern, it would be
desirable to be able to make adjustments in the grasp
pattern controls and to immediately see the results of
those changes in prehension. This is not possible with
this system because it is necessary to go through a
number of steps before changes in prehension are
achieved and observed.

Briefly these steps involve first running a program called
GRASP in which changes are made in the grasp pattern.
After this a program called MAKEPROM is used to
select a grasp pattern for lateral and palmer grasp and
two patterns for exercise modes. The data produced
from this program are transferred to an EPROM
programmer and the amplitude for any channels which
is not set to 20 mA must be manually changed. An
EPROM must then be programmed and finally this
EPROM must be exchanged with the EPROM inside the
stimulator before the results of the grasp pattern
modification may be observed.

While this is obviously tedious, it also can make it very
difficult to perceive and evaluate changes in the grasp
pattern which are subtle, yet important. This problem
will be at least partially addressed in a version of the
stimulation system currently being produced which will
not require EPROM substitution. A further
improvement would be to eliminate the process of
selecting grasp pattern output files and the need to
generate downloadable files altogether and be able to
directly modify the stimulator characteristics online.

One of the biggest obstacles in the system software is
the inability of the system to accommodate current
amplitudes other than 20 mA, except by manual
manipulation of the contents of the EPROM on the
programmer. The system works under the assumption
that with appropriate electrode placement, sufficient
control of the range of muscle activation may be
achieved with only pulse duration modulation, this
range being from 1 to 255 uSec. For electrodes which
are located very close to the target nerve, the gain
relationship, or the control input command to the
observed force production output, is often too great,
resulting in changes of only a few uSec in pulse
duration causing great changes in muscle force output.
This can be alleviated by simply reducing the
stimulation current amplitude for that channel, which is
supported by the hardware of the stimulator, but which
is not yet supported by the PROFILE and GRASP
programs which generate the EPROM for stimulus
control.

shorter pulse durations (1). In view of the large number
of potential FNS hand system candidates who retain
some sensation, the ability to alter stimulus amplitude is
warranted.

One of the problems associated with the quality of
Mary's grasp has been the inability to obtain stimulator
output in one of the implanted electrodes after it was
added to the desired grasp pattern. Despite information
provided by the GRASP software program, one of the
electrodes selected in the pattern does not appear in the
final control chip produced, unbeknownst to the
clinician. This problem will no doubt be worked out,
but this points to the difficulty in using the software
provided.

In general, the system does meet our expectations and
the support of the staff at Case is excellent. There are
monthly conference telephone calls, and any problems in
use of the software, equipment, or any other facet of the
program are immediately addressed. Mary has been
extremely patient with both our ability to implement the
system and with the results of her system. We continue
to screen for additional subjects for the program and
will continue to evaluate this promising FNS aid for the
enhancement of vocational and lifestyle expectations in
SCI.
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FES Exercise and Disuse Osteoporosis

Mark Malagodi, Martin Ferguson -Pell & Mary Cardi
Helen Hayes Hospital, Center for Rehab. Tech.

West Haverstraw, NY 10993

ABSTRACT

This study is examining the effects
of two different electrical
stimulation exercise protocols on
the bone mineral density of 1 -15
year post injury spinal cord
injured individuals who have lost
significant bone density due to
disuse. The study is attempting to
determine whether bone that has
undergone major resorption can
recover significantly. The key
element being tested is the
introduction of a resistive
mechanical force to the exercise in
addition to the forces generated by
muscle activity. The results from
this study will provide information
that may help improvements in the
design of FES exercise systems
thereby reducing the rate of loss
of bone soon after injury and
consequently the risk of fractures
when walking is attempted.

Background

Osteoporosis of the weight bearing
bones of the body results from a
decrease in the amplitude and rate
of mechanical strain (O'Connor and
Lanyon, 1982). In their studies on
turkey bone Lanyon and Rubin
determined the necessary mechanical
stimuli to cause an increase in
bone density. They showed that both
the strain magnitude and the strain
rate must be higher than a
threshold amplitude for a response
to occur. These thresholds were
similar to that experienced during
the turkey's normal wing flapping
pattern (Rubin and Lanyon, 1985).
The number of loading cycles did
not need to be large. They
determined that 36 cycles per day
provided the maximum increase in
bone, higher numbers of cycles did
not have any further effect (Rubin
and Lanyon 1984). These researchers
also found that bone which has
already become osteoporotic does
increase in bone density after
being exposed to these stimuli,
however their increase in bone
density is less than that of normal
bones (Rubin et al., 1987).

P2.11

This study will attempt to
investigate the affect these
osteogenic signals have on spinal
cord injured individuals who have
lost a significant amount of bone.

Statement of Problem

Within one week after the onset of
spinal cord injury (SCI) the level
of calcium excretion in the urine
increases at least three -fold
(Naftchi et al., 1980). One year
after onset the bone mineral
density (BMD) in a person's legs is
about 50 -60% of that before the
injury (Biering- Sorensen et al.,
1990).

In the absence of proper therapy
the value of BMD stabilizes at this
low level and places the subject at
risk for fracture. A study by NYU
Medical Center reported that 4% of
patients studied had suffered a
fracture from trivial and non -
traumatic origin (Ragnarsson,
1984).

The onset of devices providing
assistance to walking for SCI
people will be unusable for
patients at risk for fracture due
to the increased loading during use
of these devices. Therefore it is
essential that proper strategies
are developed to increase the
strength capacity of bone thereby
allowing the majority of SCI people
to make use of new technology.

To date the only therapies claiming
possible effects on BMD of SCI
people are standing frames and the
Regys 1 Clinic Rehabilitation
System. Forces generated in
standing frames are static and do
not match the loading profile
discussed in the Background section
and research has shown that this
method is not effective in complete
injuries where there is no muscle
component to complement the force
profile (Wyse 1954).
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The force profile during Regys
exercise has a range of 0 to 1.92
lbs at a relatively low strain rate
compared to walking. Three studies
have concluded that after 30 weeks
of Regys exercise the BMD of
subjects studied did not change
significantly (Leeds 1990, Mysiw
1990, Pacy 1988).

Approach

The two FES exercise systems being
used in this study are the
Regys 1 Clinic Rehabilitation
System and an ergometer system
developed as part of this study
that incorporates mechanical
stimuli that emulate temporal
loading patterns thought to
optimally trigger bone remodeling.
The latter system incorporates
current knowledge of appropriate
stimuli for bone remodeling which
will test the applicability of
Wolff's Law for the recovery of
bone lost due to disuse
osteoporosis following spinal cord
injury. This system provides
exercise for the legs against a
varying resistive force without
compromising the aerobic benefits
of the exercise activity.

Both male and female complete
spinal cord injured individuals of
between 1 -15 years post injury with
significant bone loss are
currently being recruited. The
subjects are distributed between
the two treatment groups and a
control group who receive no
specific exercise beyond their
normal daily activities. The
exercise treatment lasts 40 weeks
for each subject.

Bone mineral density is measured at
10 week intervals in the neck
of femur, shaft of femur and the
lumbar spine using Dual Photon
Absorptiometry (DPA). Total body
calcium is also measured using
DPA. In addition the following
laboratory investigations are
performed: Ionized calcium,
parathyroid hormone, metabolites of
Vitamin D, bone Gla protein,
calcitonin and analysis of urine
metabolites.

To operate the prototype system the
subject is seated in a chair fitted
with a seat belt and lumbar
support. The feet are strapped into
ankle foot orthosis with adjustable
angle stops. The orthosis are
attached to sliding tracks which
attach to a chain driven gear
system. Under computer controlled
electrical stimulation with angle
sensors on each knee the legs
perform an alternating leg rowing
motion with the seat remaining
stationary. The gear system drives
a spur gear pump which causes
hydraulic fluid to flow in a
circuit. A proportional valve in
the hydraulic circuit is fully open
for the majority of strokes, but
closes to a smaller orifice when
the leg nears full extension during
40 cycles of the exercise session.
These 40 cycles act as the low
number of high impact forces
required to increase bone density
in the experiments described in the
Background section. A force
transducer in line between each
track and chain connection provides
constant feedback on the force the
subject is experiencing.

Implications

If research on this prototype
system determines that it does
increase BMD, many SCI people who
are currently ineligible for FES
walking aids could be made eligible
my undertaking a therapy program.

Acute cases of SCI could be placed
in a therapy program early and thus
prevent the onset of osteoporosis.

Also, the effect of decreasing
urinary calcium loss for acute SCI
patients could decrease the
occurrence of urinary tract
infection.

Discussion

Currently four patients are
completing 30 weeks of exercise on
the Regys system and their data are
being analyzed.

The prototype system has been
constructed and is undergoing
clinical trials.
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F E S  E x e r c i s e  a n d  D i s u s e  o s t e o p o r o s i s

A c k n o w l e d g e m e n t s

T h i s  w o r k  i s  s u p p o r t e d  b y  t h e
N a t i o n a l  I n s t i t u t e  o f  D i s a b i l i t i e s
a n d  R e l a t e d  R e s e a r c h  ( N I D R R )  G r a n t

# H 1 3 3 G 90 1 4 1 9 0 .

R e f e r e n c e s

Biering - Sorensen F. et al., (1 9 90 )
L o n g i t u d i n a l  S t u d y  o f  B o n e  M i n e r a l
C o n t e n t  i n  t h e  L u m b a r  S p i n e ,  t h e
F o r e a r m  a n d  t h e  L o w e r  E x t r e m i t i e s
a f t e r  S p i n a l  C o r d  I n j u r y .  E u r o p e a n
J o u r n a l  o f  C l i n i c a l  I n v e s t i g a t i o n .

20: 330 -335.

O ' C o n n o r  J . A .  a n d  L a n y o n  L . E .
( 1 9 8 2 )  T h e  I n f l u e n c e  o f  S t r a i n  R a t e
o n  A d a p t i v e  B o n e  R e m o d e l l i n g .  J .

Bio me ch an ic s 15:  7 67  - 78 1.

L e e d s  E . M .  e t  a l . ( 1 9 9 0 )  B o n e
M i n e r a l  D e n s i t y A f t e r  B i c y c l e
E r g o m e t r y  T r a i n i n g .  A r c h .  P h y s .
Med . Re hab . 71 : 207  - 20 9.

M y s i w  W . J . ,  J a c k s o n  R . D  a n d
Bl o o m f ie l d  S . (1 9 9 0 ) E f f e c t  o f
F u n c t i o n a l  E l e c t r i c a l  S t i m u l a t i o n
C y c l e  E r g o m e t r y  o n  B o n e  M e t a b o l i s m
i n  C h r o n i c  S p i n a l  C o r d  I n j u r y .
A r c h .  P h y s .  M e d .  R e h a b .  7 1 :  7 8 6 .
(A b s t r a c t )

N a f t c h i  N . E .  e t  a l . (1 9 8 0 )  M i n e r a l
M e t a b o l i s m  i n  S p i n a l  C o r d  I n j u r y .
A r c h .  P h y s .  M e d .  R e h a b .  6 1 :  1 3 9 -

14 2.

P a c y  P . J .  e t  a l . ( 1 9 8 8 )  M u s c l e  a n d
B o n e  i n  P a r a p l e g i c  P a t i e n t s ,  a n d
t h e  E f f e c t  o f  F u n c t i o n a l  E l e c t r i c a l
S t i m u l a t i o n .  C l i n i c a l  S c i e n c e .  7 5 :

481 -487.

R a g n a r s s o n  K . T .  S e l l  H . (1 9 81 )
L o w e r  E x t r e m i t y  F r a c t u r e s  a f t e r
S p i n a l  C o r d  I n j u r y :  A  R e t r o s p e c t i v e
S t u d y .  A r c h .  P h y s .  M e d .  R e h a b .  6 2 :

418 -423.

R u b i n  C . T .  e t  a l . ( 1 9 8 7 )  R e v e r s a l
o f  D i s u s e  O s t e o p e n i a  b y  C o n t r o l l e d
D y n a m i c  L o a d i n g .  3 3 r d  A n n u a l
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P2.12
Intraoperative Tendon Tension and Wrist Angle Measurement System

Bertram N. Ezenwa, Mary M. Rodgers, Peter S. Barre, Roger M. Glaser, & Stefan V. Zachary
Department of Rehabilitation Medicine and Restorative Care, Wright State University School of Medicine,

Veterans Affairs Medical Center, and Rehabilitation Institute of Ohio, Miami Valley Hospital, Dayton, Ohio,

ABSTRACT

This paper describes a real -time system
developed to allow the objective adjustment of
tendon tension during surgery. The system
consists of a stainless steel buckle instrumented
with force transducer, a commercially available
electrogoniometer and a computer program for
real time display of tendon tension and wrist
angle during tendon transfer. Also provided in
the software is an algorithm for predicting
optimal tendon tension and wrist angle for
optional wrist range of motion. Simulation
studies with artificial tendon indicate that the
system can be used to evaluate tendon tension
and wrist angle in real time during tendon
transfer.

BACKGROUND

Various pathological conditions which include
rheumatoid arthritis, nerve and spinal cord
injury, and cerebral palsy often require wrist
tendon transfer. One of the problems which
affect the success of this procedure is
inappropriate adjustment of tendon tension
intraoperatively. This is currently being done by
subjective means because an objective real -time
system for evaluating tendon tension during the
procedure has not been available. Incorrect
setting of tendon tension typically results in poor
muscle performance and the need for repeated
surgeries. The proper tendon tension would set
the muscle to its optimal length for maximal
force development capability. In order to
develop a system for easy and rapid measurement
of tendon tension and wrist angle, in realtime,
the following hardware and software systems
were designed.

SYSTEM DESIGN AND DEVELOPMENT

Hardware
The hardware for the tendon tension

measurement is made up of the "U" and "T"
sections (Figures 1 A,B) which are both
constructed from hospital grade 318 stainless
steel material of 2 mm thickness. When they are
connected, the two sections form the tendon
tension buckle (Figure 1 Q. The "U" section is
designed to be used to scoop up and secure the
desired tendon. Provided in this section are
threaded holes to match the permanently secured
screws in  the "T" section. This section is also
provided with tendon guides near the tips of the
"U" structure. These guides have a smooth

Permanently
Secured Screws

guides

Tendon Guides

Sensors

Axis of Bend

B �

Is o l a t e d  T e n d o n

Force
O

I

C i 7 0 ,F o r c e  7

Figure 1 "U" section (A), "T" section (B)
and combined system (C)
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Tendon Tension System

pyramid shape with a flat top to secure the
tendon and accommodate minor variations in
tendon sizes. When drastically large tendon sizes
are to be evaluated, a different tendon buckle size
would be used. In conjunction with the guides in
the "T" section, the guides ensure that the tendon
does not slip out when the tendon is under
applied force.

The thickness of the middle section of the
T section is smaller than that of the cross

section, while the cross section has the same
thickness as the "U" section. Experiments with
artificial tendon were used to determine the
optimal thickness of the middle section and the
cross section which provides accurate readout
without affecting the physical integrity of the
strain gauge. This design ensures that all
bending tendencies are referred to the "Axis of
Bend" and measured by strain gauge sensors
symmetrically mounted (Figure 1B). The strain
gauge arrangement is a four bridge setup
uniquely positioned so that any bending moments
resulting from an applied tendon tension, will be
about midway between the length of the strain
gauge. This section has permanently secured
screws that match the threaded holes in the "U"
section. These allow the screws to be turned
easily  to hold the secured tendon with the "U"
section, but prevent them from falling off during
and after the procedure. This section has tendon
guides uniquely positioned so that they not only
secure the tendon in place, but also ensure that
the distance between the point of applied force
and the bending axis remains fairly constant.

To secure the buckle, the screws in  the
"T" section are secured in the matching threaded
holes in the "U" section after the desired tendon
has been isolated and engaged (Figure 1C).

Wrist Angle Measurement System: Wrist
angle was measured using a flexible
electrogoniometer (Penny and Giles "M" series
twin axis goniometer, Blackwood, UK). The
system permits measurement of flexion /extension
and abduction /adduction. This capability enables
us to  measure the wrist angle from +45 to -45
degrees. The system is very sensitive and
capable of measuring to an accuracy of .1
degree.

Computer and Data Acquisition
Hardware: An IBM Personal System /2 Model
P79 386 (Boca Raton, FL) and uCDAS -16G"
analog - digital (A /D) converter (Metrabyte Corp.,
Taunton, MA) are utilized for data acquisition
and software development because of their
microchannel architecture. Instrumentation
amplifiers were developed to map the wrist
goniometer transducer output ranging from +5 to
-5 volts, and to provide a calibrated wrist angle
reading of +45 to -45 degrees. Additional
instrumentation amplifiers were used to amplify
the strain gauge sensor signals to provide tendon
tension data readings (e.g., 0 -15 kg). All data
are then conditioned and isolated for computer
interface.

Intramuscular Electrical Stimulator: An
intramuscular electrical stimulator was developed
to be used to induce the contraction of muscles
attached to the tendon in order to derive an active
contraction profile during surgery. The
stimulator consists of adjustable frequency (5 -50
Hz) biphasic pulses with an adjustable pulse
width of 10 to 100 user. Intramuscular
electrodes (coiled fine wire) are inserted into the
wrist muscles for inducing contractions via
electrical stimulation.

System Setup: The system (Figure 2)
consists of the buckle for tendon tension
measurement, the electrogoniometer for

- - -- Active
Passive

Figure 2 System Setup
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measurement of wrist angle, electrical/electronic
instrumentation and the IBM personal computer.
The electrical/electronic instrumentation consists
of the intramuscular stimulator, instrumentation
amplifier for strain gauge output amplification,
wrist angle data conditioning and subject
isolation.

Software
The software was designed to acquire and

display real -time tendon tension and wrist angle
data during passive movements and/or active
electrically- induced movements during surgery.
The program has an option for selective data
storage for predicting the optimal wrist angle and
tendon tension from stored data.

This menu -driven program offers the user
various windows for various optional activities
described as follows. The first option is used to
select a calibration file that matches the selected
(size) tendon buckle, and to enter the patient 's
demographic data. The next option provides a
split  window (Figure 2) which is used for real -
time display of tendon tension and wrist angle as
a function of time in respective windows. This
section of the program is used to provide a visual
display of wrist angle and tendon tension, and to
calculate the optimal tendon tension that
corresponds to the muscle's optimal length and
maximal force output development. Thus, this
program provides several menu options which
include: passive data acquisition, active
(electrically - stimulated) data acquisition, display
of acquired tendon tension force profile, the
prediction algorithm for optimal muscle
performance, and an unconditional exit from the
program.

Data Collection Passive or Active: Prior
to passive or active data acquisition, the user
chooses the time desired to complete a +45 to -
45 degree range of wrist motion (ti or t2; Figure
2). This sets the graphical scale to cover the
maximum possible tendon tension force during
passive or active range of motion. The computer
then displays on the wrist angle screen the target
wrist angle profile to be tracked by the surgeon.
At this point, the computer cues the user to  go
through the procedure while viewing all acquired
data. From the observed tendon tension data, the
user determines and sets an appropriate force
scale. Once this scale is set, the computer cues
the user to  perform the passive or active wrist
movements and acquire the tendon tension data.
The user has the option to store or reject the data,
repeat the process, acquire and store more data or
go to another option.

Prediction of Optimal Tendon Tension
Force and Wrist Angle. The program has the
algorithm that determines any wrist angle
velocity differences between the passive and
active ranges of motion to assure similarity of
timing. The algorithm then determines the
tendon tension that is required to set the muscle
to its optimal length to enable maximal force
development capability. During tendon transfer,
the tendon tension is set to this value at the wrist
angle where maximum function is desired. This
objective measurement should increase the
probability for success of the surgical procedure.
However, clinical evaluations are necessary to
validate this assumption.

CONCLUSION

From pre - clinical evaluations using
simulated tendon and wrist motion, the system
appears to be usable for objective evaluation of
tendon tension and wrist angle during tendon
transfer surgery. These preliminary results
suggest that the use of the system may eliminate
the need for repeated surgeries due to
inappropriate tendon tension adjustments.
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A TWIN SIZE BED WITH FEATURES OF A CRIB FOR USE WITH THE DISABLED

Edward F. E l l i n g s o n , P . E .
Z e r r e c o n , I n c .

M i l w a uke e , WI USA

I n t r o d u c t i o n

A s p e c i a l c r i b f o r a d i s a b l e d c h i l d
was d e s i g ne d and f a b r i c a t e d t o meet
he r needs based o n a r e g u l a r t w i n
s i z e m a t t r e s s and bo x s p r i n g . The
c h i l d had o u t g r o w n t h e c o n v e n t i o n a l
baby c r i b b u t s t i l l needed t h e
f e a t u r e s t h a t a c r i b o f f e r s , i e . ,
p r o t e c t i v e s i d e s and an e l e v a t e d
m a t t r e s s l e v e l . The c h i l d ' s mo t he r
was h i g h l y i n v o l v e d i n i d e n t i f y i n g
t h e c r i t i c a l p a r a m e t e r s and d e s i r e d
f e a t u r e s o f t h e c r i b .

B a ckg ro und

T h i s p r o j e c t was i n i t i a t e d when t h e
c h i l d ' s mo t he r r e a l i z e d t h a t he r
s p e c i a l nee ds d a ug h t e r  w a s o u t g r o w i ng
he r c r i b b u t was no t re ad y t o go t o a
r e g u l a r bed . She s t a r t e d l o o k i n g f o r
a co mm er c i a l c r i b w i t h a y o u t h o r
t w i n  - s i z e d m a t t r e s s b u t c o u l d n o t
f i n d o ne . She e n l i s t e d t h e
a s s i s t a n c e o f he r d a u g h t e r ' s s o c i a l
w o r k e r , b u t t he y c o u l d s t i l l no t f i n d
a n y t h i n g on t h e m a r ke t . The o n l y
s o l u t i o n t he y d i d f i n d was t h r o ug h a
DME d e a l e r  w ho o f f e r e d t o add p l a s t i c
s he e t s o f t h e d e s i r e d h e i g h t t o a
h o s p i t a l be d .

S t a t e m e nt o f t h e P r o b l e m

The need i d e n t i f i e d was t o d e s i g n and
b u i l d a t w i n s i z e bed w i t h f e a t u r e s
no r m a l l y a t t r i b u t e d t o a c r i b ,
s p e c i f i c a l l y ,

1 . H i g h s i d e s a l l a r o und so t h a t
t h e c h i l d c o u l d no t c l i m b o r
f a l l o u t .

2 . An o p e n i ng f e a t u r e on o ne s i d e
f o r g e t t i n g a t t h e c h i l d .

3 . A m a t t r e s s l e v e l h i g h eno ugh f o r
ease i n d r e s s i n g and l i f t i n g t h e
c h i l d o u t o f t he be d .

D esign

The g e ne r a l d e s i g n was de v e lo p e d i n
c o n j u n c t i o n w i t h t h e mo t he r and she
was r e q u e s t e d t o i d e n t i f y
s p e c i f i c a l l y t h e d e s i r e d h e i g h t o f
t h e m a t t r e s s and t h e h e i g h t o f t h e
s i d e s abo ve t h e m a t t r e s s . I n
r e v i e w i n g t he d e s i g n ap pr o a ch i t was

P3.1

ag re ed t h a t a box s p r i n g wo ul d be
used i n i t i a l l y and t h a t t h e t o p o f
t h e m a t t r e s s wo ul d be 36" abo ve t h e
f l o o r . The s i d e s o f t h e b e d  / c r i b
wo ul d be s e t a t 19" abo ve t h e
m a t t r e s s . As an a l l o w a nc e f o r
g r o w t h , a t a f u t u r e d a t e t h e box
s p r i n g c o u l d be remo ved f o r an
a d d i t i o n a l 7 " o n t h e s i d e s , o r a
m a t t r e s s t o t o p d i m e ns i o n o f 26 " , and
a f l o o r t o m a t t r e s s h e i g h t o f 29  " .

c a s t e r s were d i s c u s s e d and l e f t f o r
l a t e r a p p l i c a t i o n , i f ne ed ed .
C a s t e r s wo ul d r a i s e t h e h e i g h t  o f t h e
bed a b o u t 2 1 / 2 i n .

D e ve l o p m ent

The bed was f a b r i c a t e d f r o m s o l i d
map le w i t h t h i s b e i ng used f o r t h e
c o r ne r p o s t s and pa ne l ed g es , w i t h
1 / 2 " b i r c h  - f a c e d p ly wo o d f o r t h e
p a ne l s t he m s e l v e s . The b i r c h
s p i n d l e s were p ur c ha s e d c o m m e r c i a l l y
and a r e 23 i nc he s l o ng .

The f o u r s e c t i o n s o f t he bed were
he l d t o g e t h e r w i t h two s e t s o f
co mm er c i a l bed r a i l f a s t e n e r s .
S t a n d a r d  s l i d e  - b o l t l a t c h e s  w e r e  us e d
on t h e up p e r c o r n e r s o f t he g a t e t o
ho l d i t s e c u r e l y . The a t t a c h e d tw o
p ho t o g r a p hs show t h e co m p le t e d
d e s i g n .

E v a l u a t i o n

The bed g e n e r a l l y met t h e d e s i g n
e x p e c t a t i o n s , b u t t h e r e we re some
pr o b le m s when i t was f i r s t us e d . I t
was f o und t o t h a t i t was ne c e s s a r y t o
move t h e bed o f t e n , so t h e c a s t e r s
were added r i g h t away . A l s o , the mo m
mus t have m i s j u d g e d t h e s i d e h e i g h t
(abo ve m a t t r e s s ) needed as she
remo ved t h e box s p r i n g w i t h i n a few
weeks .

The f i n i s h e d d e s i g n had mo re space
ar o und t h e m a t t r e s s t ha n was d e s i r e d
and i t was ne c e s s a r y f o r t h e f a m i l y
t o s t u f f some t o w e l s a r o und t h e
m a t t r e s s t o f i l l t h i s sp ac e .
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D i s c u s s i o n

S p i n d l e s were used o n t h e g a t e
p r i m a r i l y f o r a e s t h e t i c re a s o ns b u t
t h e r e was c o nc e r n f o r t h e t a p e r e d
o p e n i n g  t h a t  e x i s t s be t we en s p i n d l e s .
S i n c e t h e s p i n d l e s a r e sha ped and
t a p e r e d i n t h e i r d e s i g n , t h e r e end s
up b e i n g a t a p e r e d o p e n i ng be tw ee n
t h e s p i n d l e s . T h i s c o u l d c r e a t e a
p r o b l e m f o r someone who m i g h t g e t an
arm o r f o o t t h r o u g h t h e w i d e s t
o p e n i ng and t h e n wedge i t t i g h t e r and
n o t un d e r s t a n d what t o do . I t was
a g r e e d t h a t t h i s was n o t a p r o b l e m
f o r t h e i n t e n d e d us e r , b u t t h i s
s h o u l d be c o n s i d e r e d i n o t h e r
a p p l i c a t i o n s .

I t seems t h a t m a t t r e s s s i z e s do no t
f o l l o w an e x a c t s t a n d a r d and i t i s
reco mmended t h a t t h e i n t e nd e d
m a t t r e s s be meas ured b e f o r e
c o m p l e t i ng t h e bed d e s i g n .

The m a t e r i a l s f o r t h i s p r o j e c t c o s t
a b o u t $250 and a b o u t 30 ho ur s o f sho p
l a b o r were r e q u i r e d .

Edward F. E l l i n g s o n , P . E .
Z e r r e c o n , I n c .
1549 N. 5 1 s t S t r e e t
M i l w a uk e e , WI 53208
USA

C r i b a t f i r s t as se mb ly .

C o m ple t ed  cr ib  a n d t h e in t e n d e d  u s e r .
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P3.2
L IFT IN G DEVICE FOR CAR TRUNK TO PREVENT BACK INJURY

Edward F. E l l i n g s o n , P . E .
Z e r r e c o n , I n c .

M i l w a uke e , WI USA

I n t r o d u c t i o n

A s p e c i a l l i f t i n g d e v i c e was
d e s i g ne d , f a b r i c a t e d , and i n s t a l l e d
i n a c a r t o a i d a p e r s o n w i t h a back
i n j u r y . The d e v i c e c o n s i s t s o f a
p l a t f o r m t h a t f i t s i n t h e s t o r a g e
a r e a and a w i nc h u n i t w i t h a l i f t arm
t h a t c o nv e r t s t h e p u l l on a ro pe i n t o
a l i f t m o t i o n on t h e p l a t f o r m . The
m e c ha n i c a l ad v a n t a g e o f t h i s sy s t em
c o u l d be d e s i g ne d a t any r a t i o
d e s i r e d , o r a po wered a c t u a t o r such
as a h y d r a u l i c p i s t o n c o u l d be us e d .

B a ckg ro und

T h i s p r o j e c t was i n i t i a t e d by a
r e h a b i l i t a t i o n  c o u n s e l o r  w h o s e  c l i e n t
had a back i n j u r y b u t needed t o l i f t
d e v i c e s i n and o u t o f he r c a r t r u n k .
The c l i e n t was an ad a p t e d p h y s i c a l
e d u c a t i o n t e a c he r who wanted t o
c o n t i n u e he r wo rk b u t had a p r e v i o u s
back i n j u r y t h a t p r e v e n t e d he r f r o m
l i f t i n g heavy o b j e c t s . She t r i e d t o
wo rk o u t a l t e r n a t i v e s b u t i t seemed
t h a t she c o u l d no t e n t i r e l y a v o i d
ha v i ng t o move heavy e q u i p m e nt i n t o
o r o u t o f he r c a r t r u n k .

S t a t e m e nt o f t h e P r o b l e m

The r e q u e s t was t o e v a l u a t e w he t he r
any d e v i c e c o u l d h e l p he r w i t h t h i s
l i f t i n g p r o b l e m . The co mm er c i a l
l i f t i n g d e v i c e s a v a i l a b l e were no t
a p p r o p r i a t e f o r t h i s p r o b l e m and i t
was reco mmended t h a t a l i f t i n g d e v i c e
be cus t o m d e s i g ne d and f a b r i c a t e d t o
ad d r e s s t h i s p r o b l e m . The
s p e c i f i c a t i o n  o f t h i s d e v i c e was t h a t
i t have a t l e a s t a 3 : 1 m e c ha n i c a l
ad v a nt a g e so t h a t i t wo ul d o n l y t a ke
a b o u t 20 l b s . t o r a i s e a 60 l b .
d e v i c e , where 60 l b s . was the  maxi mum

e xp e c t e d w e i g h t . I t was t o r a i s e t he
r e a r edge o f a p l a t f o r m so t h a t i t
was l e v e l w i t h t h e edge o f t h e t r u n k .
T h i s wo ul d mean t h a t t h e d e v i c e c o u l d
t he n be s l i d o u t , r a t h e r t h a n l i f t e d
s t r a i g h t up .

D e s i g n

A co mm e rc i a l b o a t w i nc h w i t h a 3 : 1
r e d u c t i o n ge ar was s e l e c t e d as t he
b a s i s f o r t h e c us t o m i z e d d e v i c e . I t
was m o d i f i e d t o a c c e p t a l i f t  a r m and
• d r i v e p u l l e y , and t h e n a t t a c h e d t o
• m o unt i ng p l a t e . T he  m o unt i ng p l a t e
was t he n b o l t e d t o t h e s he e t me t a l a t
t h e r e a r o f t h e t r u n k and a ro pe
a t t a c h e d t o t h e p u l l e y on t h e i n p u t
s h a f t . P u l l i n g on t h e ro pe r o t a t e d
t h e i n p u t s h a f t , w h i c h i n t u r n d r o v e
t h e c r a nk arm t o r i s e f r o m t h e bo t to m
p o s i t i o n .

The p l a t f o r m was s i m p l y a p i e c e o f
3 / 4 " p ly wo o d c u t t o f i t t h e t r u n k
a r e a . T he r e was a l s o an e x t e n s i o n
p i e c e w i t h a p i a no h i n g e so t h a t i t
was used i n e i t h e r o f tw o p o s i t i o n s ,
o ne where i t was und e r t h e t r u n k
p i e c e suc h t h a t i t was h a r d l y
n o t i c e a b l e , and tw o , where i t was
f l i p p e d o u t so t h a t i t e x t e nd e d t o
t h e ba ck o f t h e ca r g o a r e a . I t was
used t h i s way when t he r e a r s e a t o f
t h e ha t c h b a c k was f l i p p e d down t o
g i v e a l a r g e r c a r g o  a r e a and was t h u s
a p p r o p r i a t e f o r some o f t h e l a r g e r
i t e m s t h a t ha ve been c a r r i e d .

The c r a nk arm was d e s i g ne d w i t h a
r o l l e r u n i t f r o m a ga ra ge do o r
a t t a c h e d so t h a t i t i s wha t l i f t s t h e
p l a t f o r m . The r o l l e r moves a c r o s s
t h e b o t t o m  o f t h e p ly wo o d p l a t f o r m  a s
i t l i f t s .

The a t t a c h e d p ho t o s show t h i s d e v i c e
i n s t a l l e d i n t h e c l i e n t ' s c a r .

D e ve l o p m ent

T her e was an u n a n t i c i p a t e d p r o b l e m
w i t h l o c a t i n g t h e u n i t ne a r t h e
c e n t e r o f t he t r u n k , so i t was

ne c e s s a r y t o  m o unt i t t o t h e s i d e and
e x t e nd t h e c r a nk arm so mewhat . T h i s
r e d u c e d  t he m e c ha n i c a l a d v a n t a g e , b u t
a chec k w i t h t h e c l i e n t sho wed t h a t
f o r c e s wo ul d no t be to o h i g h f o r h e r .
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E v a l u a t i o n

The l i f t s y s t e m wo rked as d e s i r e d and
t h e c l i e n t was p l e a s e d w i t h t h e
r e s u l t s . She had a l i t t l e d i f f i c u l t y
w i t h some o f t h e he a v i e r i t e m s , b u t
she ha s been a b l e t o l i f t e v e r y
d e s i r e d l o a d and t h e s t r a i n o n he r
back ha s d e f i n i t e l y been r e d uc e d .

D i s c u s s i o n

I n a mo re g e ne r a l a p p l i c a t i o n t h e
m e c ha n i c a l ad v a n t a g e s h o u l d be
i n c r e a s e d so t h a t t h e r e q u i r e d f o r c e
wo u l d be much l e s s ; t y p i c a l us e r s
wo u l d p r o b a b l y ha ve l e s s ha nd

s t r e n g t h t h a n t h i s c l i e n t . The
a l t e r n a t i v e t o t h i s wo ul d be t o go t o
a po wer o p e r a t o r w i t h a s w i t c h
c o n t r o l ; i n t h i s way t h e r e q u i r e d
f o r c e c o u l d be re d uc e d t o a l m o s t
z e r o . I t i s ho ped t h a t an a u t o m o t i v e
company w i l l t a ke an i n t e r e s t i n t h i s
p r o d uc t and d e v e l o p a co mm e rc i a l
v e r s i o n f o r g e ne r a l a p p l i c a t i o n .

Edward F. E l l i n g s o n , P . E .
Z e r r e c o n , I n c .
1549 N. 5 1 s t S t r e e t
M i l w a uke e , WI 53208
USA
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P3.3

TH E  D E V E L OP M E N T  O F  A  M U L T I -  F U N C T I O N  V E H I C U L A R C O N T R O L  I N T E R F A C E U N I T  F O R
Q U A D R I P L E G I C  D R I V E R S

S T E P H E N  F A R R ,  M A R T I N  M I F S U D ,  S T E P H E N  N A U M A N N ,  M A R G A R E T  Y O U N G .
H U G H  M A C M I L L A N  R E H A B I L I T A T I O N  C E N T R E

T O R O N T O ,  O N T A R I O ,  C A N A D A

AB S TR A CT : A ne w de v i c e f o r
co n t r o l l i n g s e c o n d a r y ve h i cu l a r
f u n c t i o n s  i s  d e s c r i b e d .  T h i s  m u l t i -
f u n c t i o n  v e h i c u l a r  i n t e r f a c e  a l l o w s
for the i m p l e m e n t a t i o n of a
c u s t o m i z e d  s c a n n i n g  s t r a t e g y  t o  b e
u s e d  i n  s e l e c t i n g  f u n c t i o n s , wh i l e
al s o  a l l o w i n g  t h e  d i r e c t  c o n t r o l  o f
fu n ct i on s . As it s mo d ul a r d e s i g n
re a di l y a l l o w s fo r a va ri et y of
input /output d e v i c e s and co n t r o l
st r at e g ie s , th e in t e rf a c e un i t
of f er s a va r ie t y of us es as a
p e r s o n a l  c o n t r o l l e r ,  i n  a d d i t i o n  t o
it s  i n t e n d e d  f u n c t i o n .

BA C K G RO U N D : T h e pl a c e m e n t an d
var ie ty of c o n t r o l s for se c o n d a r y
f u n c t i o n s s u c h a s v e h i c l e
si gn a ll i ng ,  e nv i ro n me n t co n tr o l,  an d
s a f e t y  d e v i c e s c a n  i m p o s e  b a r r i e r s
t o  d r i v i n g  a  v e h i c l e f o r  a  p e r s o n
wi th li m i t e d mo b il i ty . T h i s
di f fi c ul t y c a n b e r e d u c e d by
pr ov i di n g c on tr o l o f t he se  fu n ct i on s
t h r o u g h  a  l o c a l  i n t e r f a c e  u n i t  t h a t
is a c c e s s e d vi a an ap p r o p r i a t e
co nt r ol  s t ra te g y.  A pr e vi ou s  p ro j ec t
(S ne ll et al, 1987), pr o d u c e d a
multi- function ve h i c u l a r i n t e r f a c e
u n i t  f o r  q u a d r i p l e g i c  d r i v e r s .  T h i s
i n t e r f a c e  u n i t  p r o v i d e d  t h e  d r i v e r
wi th a c c e s s to 54 se c o n d a r y
ve h ic u la r c o n t r o l s un d e r on -road
d r i v i n g  c o n d i t i o n s . E x a m i n a t i o n  o f
t h i s  d e v i c e  u n d e r l i n e d  t h e  n e e d  f o r
a fl e xi b le ,  m or e  m o du l ar  s y st e m,  an d
d i r e c t l y  l e d  t o  t h e  d e v e l o p m e n t  o f
th e  c u r r e n t  d e v i c e .

S T A T E M E N T O F T H E PR O B L E M : I n
On ta r io , in any o n e yea r, th e
Ca n a d i a n P a r a p l e g i c A s s o c i a t i o n
es t i ma t e s th a t 2 5 0 pe r s o n s wi ll
s u f f e r  a  s p i n a l  c o r d  i n j u r y  c a u s i n g
ei th e r p ar t ia l o r c om p le te  pa r al y si s
(S n e l l  e t al, 1 9 8 7 ) . O f  t h e tot al
sp i na l c o r d in j u r y po p u l at i o n ,
a p p r o x i m a t e l y 35 -40% r e m a i n
qu a d r i pl e g i c . O t h e r ca u s e s of
qu a d r i p l e g i a a r e po l io , mu s c u l a r
dy s tr o ph y , a n d  m u l t i p l e  s c l e r o s i s .
Dr i vi n g p r o v i d e s th e qu a d r i p l e g i c
p e r s o n  w i t h th e f r e e d o m  t o p u r s u e

in di v id ua l g o a l s in th e c o m m u n i t y
wi t h an in d e pe n d en c e th at p u b l i c
tr a n sp o r t at i o n d o e s no t al l ow .
H o w e v e r ,  p e r s o n s  w i t h  l i m i t e d  u p p e r
li m b co nt ro l h a v e d i f f i c u l t y
a c c e s s i n g v e h i c u l a r c o n t r o l
fu n c t io n s . Th i s d i f f i c u l t y c a n b e
r e d u c e d by p r o v i d i n g c o n t r o l of
th es e fu n c t i o n s th r o u g h an
al t e r n a t i v e  i n t e r f a c e  u n i t .

R A T I O N A L E :  C o m m e r c i a l  s y s t e m s  e x i s t
wh i c h all ow for a d a p t a t i o n s to a
ve h i c l e ' s st e er i ng , b r a k i n g , an d
ac ce l er a ti o n sy s te m s a s we l l a s s om e
se c o nd a r y fu n ct i on s . Ho w e v e r ,
d i s c u s s i o n s wi th d r i v e r s who h a d
u s e d  t h e s e  a i d s  i n d i c a t e d  t h e  n e e d
t o  h a v e  a l t e r n a t i v e  m e a n s  t o  a c c e s s
ad di t io n al  se co n da r y f un ct i on s  s i nc e
pr es e nt  sy s te ms  ca n no t  b e a da p te d  t o
p r o v i d e these. A d d i t i o n a l l y , wh e r e
sc a nn i ng  sy s te m s a re  us e d t o p ro v id e
ac ce s s to  fu nc t io n s,  p r es en t  c on t ro l
d e v i c e s  g e n e r a l l y  d o  n o t  a l l o w  f o r
t h e cu s t o m iz a t i o n of th e s c a n n i n g
st r a te g y to the i n d i v i d u a l u s e r ' s

ne e ds .

DE S I G N : Th i s i n t e r f a c e u n i t wa s
d e s i g n e d  t o  p r o v i d e  a c c e s s  t o  u p  t o
1 0 0 ve hi cu la r f u n c t i o n s , e i t h e r
t h r o u g h  t h e  d i r e c t  s e l e c t i o n  o f  t h e
f u n c t i o n  v i a  a  d i s c r e t e  s w i t c h , o r
th ro ug h the li n ea r s c a n n i n g of
hi e r a r ch i c a l gr o u p s of f u n c t i o n s .
S t a t u s  o f  a l l  s e l e c t a b l e  f u n c t i o n s
i s  p r e s e n t e d  v i a  a  l a b e l l e d  d i s p l a y
sc re e n.  Th e  b as i c d es i gn  c o nc e pt  fo r
t h i s  d e v i c e  w a s  t o  p r o d u c e  a  s y s t e m
t h a t  w o u l d  a l l o w  f o r  c u s t o m i z a t i o n
o f  b o t h  t h e  i n p u t  d e v i c e s  a n d  t h e
sc a n n i n g st r a te g y u s e d to s e l e c t
s p e c i f i c  f u n c t i o n s  f o r  a c t i v a t i o n ,
wi th ou t the n e e d to r e w r i t e th e
in te rn al pr o g r a m m i n g of th e
in te r fa ce  co nt r ol l er . I n do i ng  t h is ,
gu i d e l i n e s and m o d e l s p r o p o s e d t o
a s s i s t  d e v e l o p e r s  i n  t h e  d e s i g n  o f
al t e r n a t e  a c c e s s  s y s t e m s (M c D o u g a l l
et  a l ,  1 9 8 8 ) w e r e  f o l l o w e d .

DE V EL O PM E NT :  T o  a d he r e t o t he  ch o se n
al t e r n a t e ac c es s s y s t e m mo d el , a
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m o d u l a r  a p p r o a c h  h a s  b e e n  t a k e n  i n
b o t h t h e h a r d w a r e an d s o f t w a r e
d e s i g n  s t a g e s .  T h e  s c o p e  o f  c h a n g e s
r e q u i r e d  i n  d o i n g  t h i s  c a u s e d  u s  t o
p e r f o r m  a  c o m p l e t e  r e d e s i g n  o f  t h e
p r e v i o u s i n t e r f a c e sy s t e m . T h e
ha r d w a re  n o w  b e i n g  u s e d  is  a  t hi r d  -
p a r t y 8 0 0 8 8  m i c r o p r o c e s s o r  p a c k a g e
d e s i g n e d a r o u n d th e STD -bus. T h e
s o f t w a r e  i s  b e i n g  w r i t t e n  i n  C  i n  a
s t y l e  w h e r e  b o t h t h e  s t r u c t u r e of
f u n c t i o n s a n d th e c a l l i n g of
f u n c t i o n s me e t th e c h o s e n  m o d e l ' s
g u i d e l i n e s .

T o p r o v i d e f l e x i b i l i t y in th e
c r e a t i o n a n d c u s t o m i z a t i o n of th e
c o n t r o l p a n e l ' s a p p e a r a n c e a n d
o p e r a t i o n , a g r a p h i c s  - b a s e d
de v e l o pm e n t  sy s t e m  w a s  c re a t e d . T h i s
c o n f i g u r a t i o n f a c i l i t y al l ow s fo r
t h e  d e v e l o p m e n t  o f  t h e  a c c e s s
sy s t e m,  t h e d e f in i t i on  a n d p l a ce m e n t
of t h e i n p u t s w i t c h e s , and th e
p l a c e m e n t  o f t h e  o u t p u t in d i c a t o r s
o n t h e f i n i s h e d pa n e l . T h e
c o n f i g u r a t i o n u t i l i t y g e n e r a t e s a
he a d e r  f i l e  wh i c h ,  w h e n  co m p i l ed  a n d
l i n k e d w i t h th e run -time sy s te m ,
p r o v i d e s  t h e  R O M  - a b l e  c o d e  f o r  t h e
c u s t o m i z e d  i n t e r f a c e  s y s t e m .

I n f o l l o w i n g t h e s e p r o c e d u r e s ou r
s y s t e m  p r o v i d e s  f o r  t h e  s u p p o r t  o f
a w i d e r a n g e an d c o m b i n a t i o n of
i n p u t a n d o u t p u t d e v i c e s .
A d d i t i o n a l l y , t h e  o p e r a t i o n  o f the
u n i t c a n b e e n h a n c e d wi th th e
a d d i t i o n  o f  a p p r o p r i a t e  u s e r inp ut
f i l t e r s a n d sc a n n i n g st r a t e g i e s .
T h r o u g h  t h e  u s e  o f  t h e  d e v e l o p m e n t
s y s t e m ,  t h e  l a y o u t  o f  t h e  i n t e r f a c e
c o n t r o l p a n e l an d it s co n tr o l
s t r a t e g y c a n q u i c k l y b e de f i ne d ,
p r o v i d i n g  t h e  u s e r  w i t h  t h e  c o n t r o l
s y s t e m  b e s t  s u i t e d  t o  h i s  n e e d s .

E V A L U A T I O N A N D D I S C U S S I O N : T h e
pr o j e ct  h a s p r o gr e s s ed  t o  a n  i ni t i a l
p r o t o t y p e th a t i n c l u d e s a 54
fu n c t io n  d is p l a y p a n el ,  a  c o n t ro l l e r
p a c k a g e  w i t h  c u s t o m i z a b l e s o f t w a r e
f o r i n t e r f a c e co n t r o l , and a
c o n f i g u r a t i o n d e v e l o p m e n t sy s t e m .
T h e c u r r e n t s t a g e of th is pr o j e c t

i n c o r p o r a t e s  c l i n i c a l  e v a l u a t i o n  o f
th e in t e rf a c e un d e r s i m u l a t e d
d r i v i n g  c o n d i t i o n s .

T h e mo d u l ar i t y and f l e x i b i l i t y  o f
t h e  s y s t e m  a l l o w s us to c o n f i g u r e
th e un i t to  ac ce pt  a wi d e va ri e ty  o f
in p u t a n d ou tp ut d e v i c e s an d to
o p t i m i z e  t h e  c o n t r o l  s t r a t e g y .  T h i s
p r o v i d e s  u s  w i t h  a  s y s t e m  t h a t  n o t
o n l y  f u l f i l s  i t s  r e q u i r e m e n t s  a s  a
v e h i c u l a r  i n t e r f a c e  b u t  a l s o  o f f e r s
P o s s i b i l i t i e s  f o r  u s e  a s  a  p e r s o n a l
co n t r o l l e r .

AC K N O W L E D G E M E N T S : T h i s  p r o j e c t  h a s
b e e n  f u n d e d  b y  t h e  O n t a r i o  M i n i s t r y
of  T r a n s p o r t a t i o n .

R E F E R E N C E S :
1. Sn e ll , E. et al : A Mu l t i -
fu n c t i o n Ve hi cu la r I n t e r f a c e U n i t
fo r  Q u ad r ip l eg i c D ri v er s . Re p o r t f o r
t h e O n t a r i o M i n i s t r y o f
T r a n s p o r t a t i o n and Co m m u n i c a t i o n s ,
19 8 7 .
2. Sn e ll , E. et al: A Mu l t i -
f u n c t i o n Ve h ic u la r I n t e r f a c e U n i t
fo r  Q u ad r ip l eg i c D ri v er s . Re p o r t  f o r
t h e O n t a r i o M i n i s t r y o f
T r a n s p o r t a t i o n and C o m m u n i c a t i o n s ,
19 8 7 .
3. Mc D o u g a l l ,  J .  e t  a l : Computer -
b a s e d Te c hn o lo g y f o r I n d i v i d u a l s
w i t h P h y s i c a l D i s a b i l i  t i e s :
G u i d e l i n e s fo r A l t e r n a t e A c c e s s
Sy s t e m De v el o p er s . Re p o r t fo r
I n t e r n a t i o n a l Bu s i n e s s M a c h i n e s
Co r p o r a t i o n ,  1 9 8 8 .
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CALIBRATION OF IMPLANT PRESSURE TRANSMITTER

Albert C. Peng, Member of IEEE and ASEE
Wen H. Ko, Fellow of IEEE

ABSTRACT

This paper describes an automatic calibration sys-
tem that can be used to determine pressure and
temperature parameters of the implant intracranial
pressure (ICP) transmitters [1, 2]. Although the
system was designed as part of a research project
aimed at studying ICP dynamic behavior and pro-
viding better patient care, the techniques and pro-
cedures used could be found useful in other appli-
cations where temperature and/or pressure charac-
terization, compensation and instrumentation are
involved.

BACKGROUND

In order to monitor intracranial pressure of patients
with hydrocephalus, an ICP transmitter (8mm x
18mm x 30mm) is implanted underneath the scalp
outside of the skull. Each transmitter has to be
characterized to determine its pressure and tem-
perature parameters before it can be implanted.
These parameters will be used as a special data file
for the corresponding transmitter so that the
transmitted signal could be interpreted correctly by
an external receiving system. The purpose of this
paper is to present a system and algorithms that can
be implemented to extract the special data file for
each ICP transmitter.

RESEARCH QUESTIONS

The transmitter uses a silicon piezoresistive pres-
sure transducer for pressure measurement. Because
these transducers have a negative temperature
coefficient of -3 to -12 mmHg per degree Celsius, a
temperature sensor is employed to modulate the
frame time (transmission period) t so that tempera-
ture compensation of the transmitted pressure sig-
nal can be carried out by the receiving system.
The TCP signal seen by the pressure transducer is
digitized to a 10 -bit serial datum X, which is later
modulated on a 130 megahertz carrier using ampli-
tude shift keying and then transmitted to the exter-
nal receiving system via radio frequency link. The
10 -bit serial datum X is a linear binary code of the
absolute input pressure P applied to the pressure
transducer. This relationship can be expressed as:

P4.1

P =A +B X (1)

where A, in mmHg, is the pressure channel base-
line and B, in mmHg per least significant bit
(LSB), is the pressure channel sensitivity of the
ICP transmitter. ICP can be obtained by subtract-
ing the atmospheric pressure from the absolute
input pressure P of Eq. (1). Due to the nonzero
temperature coefficient of the pressure transducers
used, A and B are continuous functions of the tem-
perature T. Since the frame time t is modulated by
and, thus, carries information of T, A and B are
continuous functions of t as well. Leung showed
that A, B and T are nonlinear functions of the
frame time t [3], and they can be adequately
approximated by:

A =ao  +a l t + a 2 t2 + a 3 t 3 (2)

B = bo + blt + b2t2 + b3 t3 (3)

T = Co  + C1 + C2t2 + C3 t3 (4)

The twelve constants(ao to a3, bo to b3, and co to
CD are the temperature and pressure parameters of
a transmitter. Despite the fact that all the
transmitters share the same design and are fabri-
cated using identical procedures, these parameters
differ from one transmitter to another. They are the
inherent characteristic data of an ICP transmitter
that have to be specified and known to the receiv-
ing system before any transmitter can be used.

METHOD

A transmitter is calibrated over a pressure range of
0 to 150 mmHg above the atmospheric pressure
and a temperature range of 15 to 45 °C. These
ranges are adequate environmental simulations for
in vitro and in vivo operations of the ICP
transmitter [3]. The calibration algorithms are
developed based on the above four equations. At a
preset temperature T, the transmission period t is
measured and a negative ramp pressure is simul-
taneously applied to a ICP transmitter under cali-
bration and an accurate pressure reference. There-
fore, the applied pressure P and the transmitted
10 -bit digital datum X can both be obtained by the
receiving system. More than 50 data pairs (P and
X) are collected during the entire negative pressure
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ramp. The baseline A and the sensitivity B at this
particular temperature point can be found using
linear regression [4] based on Eq. (1). The value of
the actual temperature T is also acquired. There-
fore, a set of data (A, B, T and t) can be obtained at
each temperature point.

The above process is simply repeated at different
temperatures. With a temperature step of 2 °C, 16
sets of data can be collected from 15 °C to 45 °C .
The twelve parameters ap to a3, bo to b3, and co to
C3 in Eq. (2) to (4) can be determined from these
data using cubic regression [4].

The design, implementation and operation of a
computer controlled pressure and temperature
source are critical to the above process. The accu-
racy and the cost of this source will greatly affect
those of the final calibration system. The design
philosophy is to develop such a source which
meets the requirements of this application with a
minitnum cost. Consequently, commercial tem-
perature and pressure systems which cost
thULISaildS of dollars are not considered.
For the purpose of good thermal isolation and tem-
perature stability, a double - walled plexiglass box is
constructed as the temperature chamber. Enclosed
in this chamber are a temperature sensor, a heater,
the cold plate of a thermoelectric cooler and an
ICP transmitter to be calibrated. A fan is employed
to circulate air inside the chamber in order to make
the temperature homogeneous. However, only the
fan blade Is located inside the chamber so that the
heat generated by the motor will not disturb the
chamber temperature. As a result, the temperature
gradient and calibration error are minimized.
The pressure system is implemented with a port-
able pump and two solenoid valves. One valve is
used as the inlet and the other is used as the outlet.
An air reservoir is added between the pump and the
inlet valve so that pressure surges are filtered out.
In order to prevent the pressure transducer from
any damage that may be caused by over- pressure,
an adjustable self relieving. safety valve is utilized.
The operation of this temperature and pressure
source is controlled by a HP -85 desk -top computer
and some control circuitry. As a result, different
temperatures within the specified range and the
negative pressure ramp required can be realized
automatically once the calibration process is
started.

RESULTS

Approximately 15 ICP transmitters have been cali-
brated. This number is limited by the number of
transmitters fabricated because of the cost. Since
the transmitters are hermetically sealed, it takes
about 30 minutes for the temperature inside the
transmitter to stabilize after each 2 °C change.
Thus, one calibration lasts about 8 hours. The
twelve parameters found for a typical ICP
transmitter T85 -2 are listed as follows:

ap to a3 by to b3 CO to C3

742.1456 0.4128533 65.4399
- 11.06988 - 7.26267E -4 - 4.557493
0.3507978 2.687097E -5 0.1594122

- 0.004203108 - 3.49433E -7 - 2.06715E -3

The pressure baseline A, the sensitivity B and the
temperature T are plotted in Fig. I to 3 versus the
frame time t. Fig. 4 shows the applied pressure P
versus the 10 -bit serial data X for selected tem-
perature points. The accuracy of the calibration
system was evaluated by comparing data calcu-
lated from these parameters with those obtained
directly from standard commercial references. The
maximum full scale errors were found to be ±0.8 °C
(t2.7 %) for temperature and ±2 mmHg (f1.3 %)
for pressure. These accuracies are more than ade-
quate for this application. The calibrated
transmitters were also evaluated in dogs ranging
from a few days to more than 70 days. Six
transmitters were actually implanted in patients
who required long -term monitoring. All test results
indicated that the system worked successfully and
was proved to be useful.

DISCUSSION

It can be found from these plots that the average
temperature coefficient is about 3.17 mmHg/°C for
the pressure baseline A and 0.00015
mmHg/LSB/°C for the pressure sensitivity B.
Because B is almost a constant over the specified
temperature range, X changes in a rate of about -8
LSB / °C to balance the corresponding changes of
A. The change of X is caused by the temperature
coefficient of the pressure transducer. Therefore,
Fig. 4 can be used to estimate the temperature
coefficient of the pressure transducer in LSB / °C.

Calibration efficiency can be improved using time -
multiplexing so that multi - transmitters can be
characterized simultaneously.
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Abstract

A reprogrammable  interface  box for switch control of
various electronic  devices has been designed and built
us ing a  low cos t microcontroller from Motorola . The
interface box is  highly flexible , accepts single  or dual
switch inputs, and can s imultaneous ly control two 110
VAC and one 9VDC powered devices. After undergoing
field tests, the interface unit will be redesigned and
simplified as necessary for fabrication by high school
students enrolled in electronic shops.

Introduction

United States Public Law 94 -142 mandates that s tudents
with disabilities be provid6d appropriate educational
experience in the leas t res trictive  environment. Recent
focus of this mandate  has been on s tudents that possess
very limited range and strengths of movement (i.e., severe
physical disabilities). A tremendous need exists to
demonstrate that adaptations can allow persons with severe
and profound multiple handicaps to actively participate in
all aspects of community life  (Taylor, 1988). For these
persons, adaptations to achieve greater integration often
involve the use of switches as their mode of control.

By using suitable  switches  and interfaces,
persons

with
limited ranges of motion can gain control over their
environment. A switch interface device  interprets the
user's switch actuation and responds by providing control
o f  a n electrical appliance ( Szeto, et al. 1987). For
example, switches can be used to control a slide projector
for self -paced study; blenders for training in daily living
skills; and cassette recorders and radios  for ins truction
and /or entertainment. In vocational adaptation projects,
switches  and their appropriate interface  can be used to
adapt various employment - related equipment such as a heat
gun to shrink wrap merchandise and bar -code scanners for
inventory control. Depending on the particular application,
a switch interface  unit may provide la tching for on /off
operation, automatic shut -off after a pre - determined period
of operation, and sequential activation of equipment in
response to sequential or simultaneous closure of multiple
switches. Other applications may require multiple inputs,
multiple outputs, or a combination of these capabilities.

In response to this  common need, a  varie ty of switch
interfaces are commercially available from many vendors.
For example, Zygo (1990) sells a switch kit that contains
an assortment of switches packed in a carrying case. Its
catalog a lso lists a number of e lectronic  interfaces that
convert switch inputs into control signals for various

augmentative communication devices. Asahel Engineering
(1984) sells a special interface box that amplifies and
converts EMG s ignals or thermal sensors into equivalent
switch closures. Numerous switches and electronic switch
interfaces are listed in ABLEDATA, a database of
information on products that are useful to persons  with
disabilities (Hall and Vanderheiden, 1989).

Typically the user provides the switch actuation, but the
control function required by the  device to be controlled
may vary. A latch -type function, for example, may be
needed to operate a  blender or a  copier. For other
applications and users , a t ime delay function may be
needed to operate a heat gun or scanner for a certain length
of time. Rather than make a special interface unit for each
and everyone of these applications or users, we designed
and built a s ingle flexible device that could potentia lly
satisfy many of these requirements, needing only software
reprogramming to change its functionality. Such a device
might find wide application for a particular user trying to
control different appliances in different settings. This
device would also be very useful during the assessment and
customization phase of the intervention when the optimal
configurations are still being explored.

Prototype Design Goals

Our programmable and flexible switch interface box
incorporated several popular features found in various
commercially available (TASH, 1990; Ablenet, 1990) and
some custom designed switch interfaces. Our design goals
were as follows:

Control two 110 VAC and one 9 VDC outputs
A latched (on/off) control mode
A variable timer control mode
Single and dual switch input capability
Current limited power output power
Optically isolated output control relay
Self - contained and compact in size

The ability to control two 110V AC loads and one 9V DC
load would enable a person using this device to operate up
to three appliances simultaneously. The LATCH mode
would turn on a device in response to an appropriate switch
closure and turn off the device when the same switch was
actuated again. The TIMER mode would cause the power
output to be on for a specific length of time as set by a
four position rotary switch. The interface box would also
respond to one or two switch inputs . For dual input
operation, the interface box could require that two switch
inputs be  s imultaneous ly c losed in order for the target
appliance(s) to be turned on. Alternatively, the interface
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box could be  set so that the  two switches  had to be
sequentially activated. For visual feedback, an LED
indicator light would illuminate whenever power was
present at the outputs of the interface unit.

Technological Considerations

Once the decision was  made to create  such a custom -
configurable switch interface, it became necessary to
identify the technology that would be most appropriate in
terms of cost, flexibility, ease of development,
maintainability, and reprogrammability. There were
essentially two choices, a Programmable Array Logic
(PAL) type device or a microcontroller. PAL devices are
very versatile and cost less than microcontrollers.
However, they do not offer the range of functionality that
could be obtained by a simple microcontroller. Since the
essence of the project was to maximize flexibili ty of the
device, we decided to pursue a  microcontroller based
system.

i i AC

POWER SW.

ISOLATED OPTICALLY OUTPUTS:POWER ISOLATED 11 OV ACSUPPLY AC RELAY 9V DC
MICROCONTROLLER CIRCUITASSEMBLY

USERSWITCH WMODEINPUTS
Design Details and Technical Description

The specific microcontroller we chose was the Motorola
MC68HC705C8. This is a small 8 -bit computer on

a chip.
It runs at a maximum clock speed of 4 Mhz and includes
7K of Erasable Programmable Read -Only Memory
(EPROM). Having EPROM directly on the chip
significantly simplifies system layout because no external
data buses would be needed. The EPROM contains  the
operating information (or software program) for the
interface, and the program can be erased and
reprogrammed (using a ultraviolet light source) as
necessary. This microcontroller features 24 bi- directional
I/O lines, 7 input only lines , and a simple free - running
timer system. A complete serial communication system is
also provided on chip that could be  used to access a
modem or any other serial device. This microcontroller
costs approximately $19.00 in small quantities and is
readily available.

To achieve the  des ired flexibility for the  programmable
switch interface box, a generic circuit board was laid out
us ing CAD programs from Accel Technologies  of San
Diego, CA. To handle a variety of switch -type inputs, all
twelve potential inputs to the microcontroller were buffered
using a pair of Motorola MC14490 chips to de- bounce the
incoming signals. Microcontroller outputs were tied to
power transistors which in turn switch optically isolated
AC power relays.

The optically - isolated solid state DC -AC relay controlled
the two 110V AC loads  and a small transformer and
rectifier network which provide power for the 9V DC
output. An aluminum box (Yx 4"x 6 ") housed a ll the
electronics.

A second transformer powered the microcontroller. The
primary side of this transformer is powered through the on-
off switch. For safety, the 110VAC power outputs are
protected by a 10 Amp circuit breaker, and the  entire
device and aluminum enclosure are tied to earth ground
through a three- conductor power cord. The control
switches, LED, circuit breaker and power receptacles are
mounted on the top of the  box; the input ports  (phone
jacks) are mounted on its side.

Software

The Motorola MC68HC705C8 microcontroller instruction
set includes "branch on bit set" (BRSET) and "branch on
bit clear" (BRCLR) instructions which simplify the type of
code that we needed. The program polls the input ports to
establish the current status of the mode control switches,
and then looks for a user switch closure. When this  is
detected, the program carries out the required task. The
source code for the microcontroller is generated on a PC
and a  Motorola Evaluation Module (EVM). After the
program has  been fully debugged, the final program is
assembled and downloaded to the EPROM on the
microcontroller using the EVM. Although assembly
language programming of this sort may seem intimidating
at first, it is actually quite simple and can be learned fairly
quickly, especially if the key command lines that control
the various  operating features  of the  interface box are
known a priori.

Status and Future Plans

Five programmable switch interface boxes have been
constructed and are being used for various adaptation
efforts. Based on these experiences, this interface box will
be modified, redesigned as necessary for easy assembly,
and then made ready for volume production at several of
San Diego's high school electronic shops. This method of
fabrication offers several practical benefits. These
interface boxes would be practical electronic projects for
the high school students to build. The completed products
would s ignificantly benefit other students, and the  labor
costs would be very low.
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DEVELOPMENT OF BATHTUB with INTEGRAL HYDRAULIC SEAT LIFT

Mary Ellen Halpin, R.N., B.S.M.E.T., Robert C. Hopely, Charles Berman
Engineering Department, Electric Mobility Corporation

Sewell, NJ

ABSTRACT

Maintaining personal hygiene is
difficult for many physically challenged
people. Providing access to a bathtub
with a lift unit integral to the tub can
help reduce some of the barriers and
can help promote independence. Prime
considerations of any lift unit should
be safety, ease of use, and reliability.

BACK GROUND

Attaining independence is the ultimate
goal of most physically challenged people.
The ability to care for one's own personal
hygiene is not only an important part of
that independence but also one of the more
difficult to achieve. The pleasures and ben-
efits of tub bathing have long been denied
to many because of the problems getting
into and out of the tub. A variety of ap-
proaches have been developed to help
overcome this issue, ranging from the tra-
ditional hoist to dramatic tub designs in-
corporating doors in tub walls. While these
approaches meet the hygiene goal to some
extent, there is still room for improvement
by designing simple, cost - effective, and
attractive alternatives.

STATEMENT OF PROBLEM

The problem of access to a bathtub is not
just an issue of getting onto and out of the
tub. Entry and exit should be accomplished
as safely as possible. If the device is also
unobtrusive and as conventional looking
as possible it gains wider acceptance.

The problem is how to design a device
which is both safe and unobtrusive at the
same time. Many of the newer tub designs
accomplish one or the other but not both.

The design should accommodate the
entire household. It should be economical
to install and to maintain. It should be
capable of accommodating an above -aver-
age- weight person without damage or risk
to the person or to the tub.

RATIONALE FOR DESIGN

The need for unobtrusive, reliable, safe
methods for entering and exiting a tub led
to the development of a lift unit integral to
a bathtub. The seat lifting unit was de-
signed to be used with water pressure so
that electricity with its attendant hazards is
not essential. The lift unit is operated by an
actuator lever recessed into the tub wall;
the seat can be manually rotated so that
when it has been raised, transfer occurs
from a seated position to a standing posi-
tion outside the bathtub. No standing on a
wet surface or stepping over the tub wall is
required. Because this eliminates two
highly hazardous conditions, the potential
for independence and privacy is greatly
enhanced.

DESIGN

The lift unit is integral to the tub which
is a standard 32 inch by 60 inch bathtub. A
molded seat fits into the tub floor and is
attached to a hydraulic lifting unit that
operates using standard household

RESNA 14th ANNUAL  CONFE RENCE • KANSAS CITY, M O. 1 991 417



TUB with SEAT LIFT

water pressure.

The seat and seat frame rotate 90 de-
grees from center for transfer; the seat can
lock in place. The actuator knob is located
on the inside wall of the tub and rotates
through 180 degrees to any one of three
positions.

At 0 degrees the seat is in the full down
position. At 180 degrees the lift mecha-
nism operates to raise the seat. The lift has
13 inches of travel and the seat can be
stopped any place along the path by mov-
ing the actuator to the 90 degree stop posi-
tion.

Engaging the actuator allows water to
enter the system and raise the seat. When
the seat is ready to be lowered into the tub,
the water used  to ra ise the  seat i s dis-
charged directly into the household drain
beneath the tub. The lift can be operated
with or without water in the tub itself. At
a household pressure of 45 psi, the lift unit
can handle up to 250 pounds. Specific
water pressures are frequently not deter-
mined by municipal regulation and there
can be a wide variety of pressures in house-
hold systems —but the average is 45 psi.

DEVELOPMENT

In the process of developing the tub -
seat lift device, key issues centered on safety,
reliability, and accessibility. The safety con-
cerns dictated a textured, flat surface on
the tub bottom as well as on the seat bottom
to prevent slipping, sliding, and tipping.
The area around the seat is molded to allow
for hand clearance;latched seat attachments
to the frame prevent forward tipping if
someone si t s toward the  front  of the

seat;seat locks can be installed if necessary.

In order to ensure reliability, a commer-
cially available hydraulic bellows actuator
provides trouble -free life. The tub is con-
structed of acrylic /ABS coextruded mate-
rial on a fiberglass backing for strength and
durability which makes the textured sur-
face intrinsic to the bathtub. The simplic-
ity of the system contributes to the overall
reliability.

Accessibility is twofold. Forinstallation
or repair, if necessary,access to all piping
and lift mechanism components is through
a side panel. In addition, the tub -lift sys-
tem is simple enough to provide right hand
or left hand controls without reworking
the system.

EVALUATION

The design criteria of easy access to a
bathtub have been met with the lift unit.
The pivoting seat eliminates the need to
step over the tub wall so that many people
with limitations can still maintain hygiene.
The entire household is not inconvenienced
since the seat is relatively flush with the tub
floor when not in use. This allows others
to shower or bathe without having to re-
move or step around a bulky or moveable
device.

The textured surfaces and accessible
control handles provide an extra measure
of safety and privacy. The tub is standard
size  so that installa tion is relatively
uncomplicated; there is essentially a one-
for -one replacement with the standard size
U.S. tub. The lift unit is durable and can lift
an above average weight person.

418 RESNA 14th ANNUAL CONFERENCE • KANSAS CITY, MO. 1991



TUB with SEAT LIFT

DISCUSSION

Many tub aids already available are ex-
pens ive,  bulky, institutional- looking, or
require extensive plumbing alterations. The
unique patented  design of  a bathtub  with
seat  l if t is  speci fi cal ly created  to fi t the
s tandar d  tub  space wi th  a minimum o f
plumbing alt erations. In  order to  accom-
modate the tub space requi rements  wi th
the lift unit space requirements, some trade-
off  in  interior water  volume capacity oc-
curred. The in terior volume can accom-
modate an individual up to 275 pounds
and a person 6 feet tall  can  sit  in the tub
with legs extended. While th is does not
meet  every unique need, the majority of
people can be satisfied.

Having a seat lift unit that is built into a
bath tub provides s tructural  integrity for
the entire system. It is possible to alter the
unit during manufacturing to provide hy-
drotherapy units, special seats, larger ca-
paci ty l i ft ing sys tems  and st il l  maintain
rigid quality cont rol  st andards. Thi s i s a
significant advantage over add -on kits that
can be troublesome from the standpoint of
disassembling for others who wish to bathe.
This built -in unit is also easier to clean since
most of the exposed parts are intentionally
designed for ease of cleaning.

Currently underdevelopment  are modi-
f i cat ions  so  that  commercial  as  wel l  as
res ident ial  users can have mot ion sensor
water controls installed. The implications
for  any individual  benefi t t ing from the
Americans With Disabilities Act are enor-
mous in terms of independent action, pri-
vacy, and publi c acceptance. Innovations
like this tub can begin to meet the need for
cost effective,  reliable approaches to dis-
abilities.
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P 4 . 4 MECHANICAL ADAPTATIONS TO PLAY ELECTRONIC

MUSICAL INSTRUMENTS FOR THE PROMOTION OF EXERCISE

Jacob Apkarian, Ph.D.
Lyndhurst Hospital, Research Department

Institute of Biomedical Engineering, University of Toronto

ABSTRACT

Exerciseplaysacrucial role in therehabilitaLkm processof individu-
als who have had a spinal cord injury. The exercises prescribed to
these patients however are repetitive and often lead to boredom. The
patient loses motivation in performing them and consequently does
not reap the benefit of exercise. We, are attempting to address this
issue using music. We camouflage the exercise by another activity,
namely playing music and thus relieve the patient of boredom while
performing the exercises. This is achieved by adapting the exercise
devices so thatpatients couldcontrol electronic musical instruments
via a computer.

BACKGROUND

The literature is rich with c ase studies  where mus ic therapy was
successfully used in the rehabilitation of persons who have devel-
opmental dis abilit ies , b ehavio ral disorders, leaming d isabilities,
physical disabilities, and psychiatric disorders as well as geriatrics
[Bright 19801. Over the past few decades, the evaluation methods
haveevolved from the anecdotal to valid scientific methods based on
models borrowed from the behavioral sciences [Hauser 1987]. The
benefits of music therapy can be generally divided to three catego-
ries: physical, cognitive and psycho-social. At the physical level, for
example, music may be used as a means of improving gross motor
skills  as well as offers  incentive to comp lete exercis es which the
client finds uncomfortable to perform [ Hanser 1987]. At an intellec-
tual level,  mus ic  may be used to  foc us  attentio n to  s timuli and
impro ve memory [Michel,  1976]. At the ps ycho-social level,  the
ability to create mus ic has a positive effect on self-esteem, self -
control and social interaction and provides for a concrete emotional
outlet [Benezon 1981).

Mus ic therapy can take one of two  fo rms: lis tening to mus ic or
creating it. The halter is the form which has  more potential [Alvin
1965] since it requires the active involvement of the client. In order
to create music, traditional instruments must be adapted to suit the
ability of the individual. To  this end,  therapis ts have devised me-
chanical interfaces to instruments that allow a person with specific
disabilities to play these instruments [Clark and Chadwick, 19791.
Even with such mechanical adaptations, the physical limitations due
to many disabilities do not allow these individuals to perform freely
with the instrument and further limit  their experienc es to so unds
produced by that instrument.

Modem electronic  mus ical instruments can generate sounds that
simulate most traditional instruments and furthermore allow for the
generation of new sounds never heard before. Also, with "sampling"
tec hno logy, any exis ting s ound could be digitally reco rded and
transposed so that it can be replayed over an entire range of notes.
Access to these instruments however is generally limited to a clavier
similar to a piano.

Limited  acc ess  to mus ical instruments by p ers ons with physical
disabilities is primarily due to mechanical constraints imposedby the
"able- bodied" ergonomic design of the instrument itself. Nowadays
however, electronically produced sound, whether sampled or syn-
thesized, is easily contro llable through a computer.  The industry
standard is the Musical Instrument Digital Interface (MIDI) which
allows for communication between the instrument and a computer,

Little work has been done in the field of supplying different interfaces
to electronic musical instruments and publications in the field are
rare. What follows is a synopsis of the work we have encountered in
our search for information on the topic.

The most no tewo rthy effort is  by a group headed by Dr. Diane
Ingerham at Simon FraserUniversity (SFU). This group ispresently
in the process of developing economical MIDI based interfaces for
persons with high level quadriplegia [Ingerham 1990]. This project
is the spinoff of successfully completed trial projects of second year
electrical engineering students at SFU. Each group of students was
to design a specialized access method for a certain individual with a
specific disability. The projects resulted in several successful and
economical input methods which are functional for the intended
chentbutwouldbedifficulttoadapttootherswith diflerentdisabilities.
For example, a stringless guitar was developed for a person who has
free control over arm movement but could not be adapted for an
individual who can only move one thumb resting on a surface.

Another means of access that is being developed by a Toronto artist

[DavidRokeby,1989] and primarily intended forartistic applications
consists o f a video camera and  a co mputer sys tem. Movements
captured by the video camera are processed by the computer and
transformed to MIDI commands transmitted to a synthesizer which
in turn generates the no tes.  Suc h a system is to o expens ive for
personal use and furthermore does not have the resolution to detect
small movements in a large frame.

A group at Stanford University Medical Centre [Lusted and Knapp
1989, Knapp and Lusted 19881 is developing a system which uses
electromyographic (EMG) signals from activated muscle to control
sound. The use of electromyographic signals to control powered
prostheses has become standard practice but no signal processing
techniques exist that can readily discriminate EMG activity by more
than four levels [Hogan et. al]. A minimum of seven different levels
would be required however to play the range of just one octave of
music. Furthermore, the generatio n o f s tab le patterns in EMGs
requires fine motor control, something that would be lacking in the
individuals we hope to serve.

OBJECTIVE

The overall objective of this research is to create a software package
and associated hardware that allows spinal cord injury patients as
well as o ther physic ally d is abled ind ividuals  to  play electronic
musical instruments using other means of input than the traditional.
This paper describes a pilot study in which weadaptexercise devices
used by spinal cord injurypatients during theirrehabilitation process
so that they can play electronic musical instruments. The goal is to
enhance the positive effects of exercises by prolonging their duration.

METHODS

We have developed a MIDI interface system which allows for the
sampling of analog signals and the transformation of these signals
into  MIDI co mmands  which in turn generate musical no tes.  I t
consists of an expansion card which inserts into the bus of an IB M PC
compatible computer and a software package written in C. The card
has an eight bit,  eight channel analog to d igital co nverter and a
universal asynchronous transmit/receive compatible with MIDI. The
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software is written such that eight analog input channels can indi-
vidually and simultaneously control sixteen independent MIDI chan-
nels. Theinputto theanalog to digital converters can be derived from
any circuit that produces analog output ( e.g. potentiometers, strain
gauges, pressureor force sensors, temperature sensors, wind velocity
sensorsetc.).Thisapproachbased onusinganalog todigital conversion
allows for the use of any input device to the system and the calibration
of the device to suit the needs of the user. The input devices can
simplyconsistof potentiometers which could easily be instrumented
to fit practically any joint in the body. Furthermore, sucking and
puffing as wellas force exertioncould beeasily adapted to the system.
The entire system is economical and could adapt to most physical
abilities.

PILOT STUDY

With the aid of an occupational therapist fro m the Occ upational
Therapy department atLyndhurst, a patient who had low motivation
levels for exercise was chosen to participate in a pilot project. His
hand grasp exerciser was fitted with a linear potentiometer so that
hand movement was measured by the A/D converter and used to
generate music. This patient would not exercise his hands for more
than five minutes. After crying the fitted exerciser, he was exercising
for 20 to 25 minutes and would come to the laboratory every day to
exercise. His motivation to exercise was higher and as aconsequence,
it is reasonable to assume, that his hand function improved at a faster

rate.

We were enc ouraged  by this  resp ons e and  other p atients  were
approached to participate in the pilot project. There were several
persons interested butdueto logisticsonly two patientswere chosen.
The aim this time was to teach the three patients to play "Jingle bells"
using the adapted devices and perform it at the patient Christmas
Party at  Lyndhurst.  Rehears als  lasted ap pro ximately ten hours
stretched over a three week period The show was a success and
audience response was positive. The patients enjoyed the experience
and would like to continue. It is important to note that two of the
patients did not have any previous musical training.

FUTURE DIRECTIONS

Results from our pilot study were very encouraging and our next step
is to perform a formal clinical study of the potential of this approach
in promoting exercise. We intend to develop a software package for
commercially available hardware so that other centres may benefit
from the technology. The software will include the capability of
monitoring the exercise sessions to gauge the range of motion in the
exercise device and the duration of the exercise sessions. These two
measures will be taken while the subject exercises without and with
music in order to assess the efficacy of the system in promoting
exercise. We plan to adapt various exercise devices so that a variety
of exercises can be performed.

Clearly, the application of this approach is not limited to exercise.
Music therapy can be beneficial at the cognitive and psycho - social
levels as well as the physical level. Future research will be directed
atusing this technique inordertopromotehea lthinotherpopulations.
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1991 Easter Seal Student Design Competition

On the following pages you have the opportunity to read six exceptional student design
papers. This year, 34 creative projects were submitted to compete in the annual Easter
Seal Student Design Competition. Choosing only five winners and a runner -up was a
challenge for the ten - member review panel! Yet, the papers you are about to read
were chosen as outstanding examples of functional and practical design solutions. Each
entry was evaluated on:

-- appropriateness to user needs
-- innovation and creativity
-- manufacturability and marketing potential
- -safety and durability
-- aesthetic values
-- technical competence of design
-- supporting media and a working prototype

The National Easter Seal Society (NESS) made this most worthwhile event possible by
providing the winners round -trip air transportation to the RESNA Annual Conference
in Kansas City, complimentary room and conference registration, and a stipend for
meals. Exhibit space is provided at the conference, offering a great opportunity for
the winning students to share their projects and rub elbows with others involved in
research and the application of assistive technology.

Who knows, this conference, and the opportunity to explore the world of assistive
technology, may be the yellow brick road these creative designers were looking for!

RESNA wishes to thank NESS for its continued support of the Student Design
Competition, the judging panel for a job well done, and all the students who took the
time and effort to submit quality projects.

Ken Kozole, BSME, OTR
Chair
Easter Seal Student Design Competition
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FUTURA TDD: Software for Baudot /ASCII Translation Modems

Norman S. Will iams
Gallaudet Unive rs ity

Abstract

Future TDD answers a need  in the deaf  community f or
software that works with three commercially available
modems that trans late between ASCII and Baudo t, the
code used for transmission by telecommunication devices
for the deaf (TDDs). Futura features colorful screens, pop -
up menus , pop -up help , and  a wide array of  te lephone
functions. The software was developed by a deaf
prog rammer with extensive f eedback from users. The
sof tware  has been made commerc ial ly avai lab le  at low
cost, to encourage use of computers for TDD
communication.

Problem

To communicate by telephone, deaf people use
specialized terminals called telecommunication devices for
the deaf  (TDD). These devices use a f ive -level binary
code, called Baudot, for transmission. Baudot is a slow
medium (45.45 baud) that is  incompatible with ASCI I, a
seven- or eight -level binary code used in computer
communication.

In the 1980s, manufacturers  of devices fo r deaf people
began to  introduce  smart modems that could  trans late
between Baudot and ASCII. Three external modems were
released in the 1980s: Krown Research's SM -85, Phone -
TTY's CMA and Ultratec's Intelemodem. These products
made it possible for deaf people to use their computers to
communicate with TDDs.

However, deaf people did not, by and large, begin to use
these exte rnal smart modems. One  barrier to  their use
was a lack of user - friendly, multi - function software that
could take full advantage of  the computer's capacities.
This project sought to f i ll that gap in product availability.

Needs

User input was assured because  the autho r is  a deaf
person and a lifelong user of TDDs. As the software was
developed, deaf people were given trial versions, and the
author solicited feedback and modif ied the software.
There have been ten ve rsions of the software  since the
software's release. In short, deaf people and a few
hearing people who work with them have been extensively
involved in the development of this design.

Users of TDDs have been accustomed to the very simple
interface of existing TDDs. To  use  a TDD, al l that one
needs to  do is turn on the device and begin to type. (If
the device does not have a modular jack, then one must

4 .5

first place the telephone handset in the acoustic coupler.)

Users of TDDs have  long exp lo i ted  the  f act that the ir
telecommunication is visual. TDDs often are  equipped
with printers, for example, that allow deaf people to save
conversations much more conveniently than hearing
people  can do with voice conversations. Printers have
also compensated f or the fact that the typ ical one -line
display f ound on TDDs  does  no t g ive  much opportunity
for message review; if  one looks away for a few seconds,
valuable information passes across the moving LED

display.

Automatic diall ing  was availab le in TDDs  be fo re it  was
widely available in low -cost products for hearing people.
Memory and automatic answering /message storage have
also been available. All of  these  features needed to be
included in software in order to make the product
functionally comparable to or superior to a high -end TDD.

Because TOO users have virtually no commands to
remember to begin typing the ir conversations, any new
software would need to minimize  the keystrokes and
commands that would  be used.

In addition to such needs, there were many more "wants"
that the compute r could provide to deaf peop le. Large
number directo ries , f or example , could  be integrated  in
the sof tware, and review of  old messages could be very
useful. Color g raphics  could be  used  to  enhance  the
process and to make  the telephone conversations more
visually appealing and less fatiguing.

Li te rature

There  has  been no  publ ished work relating  to so ftware
development for TDD communication, and modem
development has been done by private companies, which
do not publish their f indings.

Given the absence of published research, the most crucial
inf ormation f or purposes of  this  s tudy is the context in
which the software was developed. As mentioned above,
there are three external modems  on the market. User
interface software is non - existent for two of the modems,
and for the other it is very limited in terms of function and
ease  of use. There  are  also  two internal boards  that
perform Baudot /ASCII conversion. Bundled with them is
software that works only with these boards. Both
p roduc ts have many excel lent features for
telecommunications by deaf users. However, they are
more limited than are external modems as to the
computer environments  they will  tole rate. For example,
one  o f  them, the IBM PhoneCommunicator, does not
operate in a microchannel architecture. In contrast,
external modems  can operate with MCA.
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Thus, the software development for this project f ills a void
in produc t availabil ity and greatly inc reases the ut ili ty of
several products  on the marke t. I t also  may encourage
the use of  compute rs f or TDD communication, a s tep
which may move users to more widespread use of ASCII
for te lecommunication.

Methodo logy

To  address the need fo r so f tware to  work with external
trans lation modems, the author chose Turbo Pascal as a
programming language. Turbo Pascal permits easy
organization and linkage  o f modules in the so ftware. It
also allows fo r eff icient use of memory.

The software was wri t ten to run with all three o f  the
external translation modems on the  market. This required
familiarization with al l these  three produc ts. Two o f the
three modems are not Hayes compatible, so that software
approaches  had  to  be  tailored to  the  idiosync ras ies  o f
these modems.

The  user Interf ace  was modeled after ProComm Plus,
because the commands are intuitive and easy to
remember (e.g., Alt  -H means hang up; Alt -X means exit,
etc.). However, after feedback from users, pop -up menus
were developed.

The  software, I nclud ing a d irectory that holds up  to  500
names and telephone numbers, requires a modest 190K
of RAM. Conversations are sto red to disk, so that length
of conversations  to be saved are not constrained by
memory requirements.

Features  and  Functions o f  the  So f tware

The features of the  software include:

■ Pop- up  m enus al low the use r to d ial , look up
numbers, answer the phone, and perform all other
functions with minimal keystrokes. Menu
selections can be made via cursor or via pressing
the key denoting the  f irs t le tte r o f  the  des ired
function. Pop -up Help screens are available from

any sc reen.

■ Screen saver allows user to keep computer on at
all times (a requirement for a computer that must
be ready whenever the te lephone rings) while
conserving the monitor.

■ A d irec to ry o f up  to 500 names and numbers is
included. The d irectory actually p rovides TDD -
accessible 1-800 numbers, including those of
dual -party relay services around the  country.

■ Add ing  new numbers  and de le t ing  numbers  I s
done through the Insert and De le te  keys. New
entries are automatically filed in alphabetical
order.

■ One - stroke dialling can be done by hitting return
while on the  desired number. The directory can
be navigated easily by pressing the f irst letter of
the desired entry. Re- dialling and hanging up can
be done with one keystroke.

■ Numbers  f rom the  d irec to ry can be imported
into a conversation, to avoid mistakes while giving
out a number.

■ Answering requires only one keystroke, and
Inc ludes the automatic  del ivery o f the gree ting

message.

■ Color is used to dif ferentiate who  is typing in the
conversation. I f  the  conversation is p rinted , the
differentiation is made by changing from all- upper-
case to all -lower -case. The  color screens  are
visually appealing and easy on the eyes.

■ Automatic answer features allow the software to
func tion as  an answering machine. When a call
comes in, a gree ting  message  s imilar to those
found on voice answering machines is given, and
the TDD message is received and stored. When
the user returns home and wishes to see If  there
were any calls, he  o r she need  only look at the
CAPS LOCK key: If it is blinking, there are

messages.

■ Saved conversations include time and date
stamps, pe rson and number called (on outgoing
calls), and length of call. Similarly, during
conversations, the time, date and number of
minutes transpired ara displayed. This is
particularly helpful fo r control l ing the  leng th o f
long distance calls.

Use by the  D isab led  Populat ion

The software can eas ily be used by any owner of any of
the three external Baudot /ASCII translation modems
currently on the market. Bo th deaf and hearing
professionals f ind it helpful for keeping track of
conversations. Dozens of people are using It already.

Futura TDD sof tware is being made availab le at $50 per
copy by the author. Because the result of this project is
so ftware , the re  is  no  need  to  trans fe r techno logy to a
manufacturer. However, several major distr ibuto rs of
translation modems have expressed Interest in the
software and may begin to carry f t.

Address

Norman Williams
Gallaudet University
800 Florida Ave NE Box 1742
Washington, DC 20002
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A Power Wheelchair Soccer Guard Which is Quick and Easy
to Use

Fred V. Tchang and Betty S. 'T'roy
Rehabilitation Engineering Technology Training Project

San Francisco State University, San Francisco, CA

ABSTRACT

A new sport for power wheelchair users is
being played in the U.S. and Canada,
promising to fill a need for sport activities
which involve power wheelchairs. Players
of Power Wheelchair Soccer need a means
of avoiding injury and protecting their
wheelchairs. A quick release guard
which adjusts easily was researched,
designed, and tested. It protects the
player and the chair and will be disabled -
user friendly.

BACKGROUND

Purpose of the Project
Our original goal was to promote power
wheelcha ir sports reco gn iz in g their
potential to
1. enhance physical and mental acuity
2. motivate advances in power wheelchair
design (as occurred with manual chairs)
3. provide social interactions and active
play

Since there are few sports activities in
which power wheelcha ir users can
participate, we first considered developing
a new one. While researching wheelchair
sports, we visited a Power Soccer team in
Berkeley, California and discovered a sport
that is actually well suited to power
wheelchair users, and had something that a
newly in ven ted sp o r t wo u ld n ' t :
enthusiastic players. It is a young sport
with several teams, and we decided that as
engineers, our efforts should focus on
advancing Power Soccer, rather than
diluting its popularity by creating a new
sport.

We learned that the sport needed a
protective device, a guard to protect the
players' legs from collisions. It would need
to be functional, durable, inexpensive, plus
easily installed and adjusted by the coach,
herself a manual wheelchair user.

10.9

Power Soccer Facts
Two years ago, a team was formed by the
Bay Area Outreach Recreation Program
(B.O.R.P.) in Berkeley. We know of only six
other teams, all in Canada.

The game is based upon traditional soccer.
It is played on a standard basketball court

each team having four active players on
the court at a time. A thirty -seven inch
rubber ball is used. The two teams
attempt to outmaneuver one another and
get the ball through a goal.

figure 1

The Need for a Guard
Footrests of different heights result in
footrests nicking the shins of other players.
Safety demands that each player have a
guard on his or her chair to protect the
individual's legs, and to protect the
footrests from breakage.

A currently used guard fulfills the needs of
protecting the player and the chair.
However, it is difficult and time consuming
to attach and adjust. As a result, it  is  used
only at the infrequent meets, endangering
the players during the weekly practices. It
consists of a plastic shield which surrounds
the footrest area, attached by means of
metal strips which sandwich the foot plates
and cantilever forward to the plastic.
Width and height adjustments are changed
by moving bolts to various holes in the
plastic. This leads to loose nuts and bolts
which can be easily lost, and separated
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part s wh ich occupy both han ds.
Attachment and adjustment per chair
takes from two to ten minutes, depending
on the chair and its accessories. Often,
such accessories require tools to remove
them. The process is very time consuming.
A team can lose an hour of practice time
just attaching and adjusting the guards.
The context of these practices is parents
dropping off teenagers who are impatient
to play, and a coach with tools, nuts, bolts
and parts that somehow don't fit into her
hand. When tools are required, many loose
parts exist, and a time consuming and
cumbersome attachment method is used,
the guards would sit in storage.

DESIGN METHODOLOGY

We analyzed the problem situation through
discussions with team coaches, players,
parents, and the designer and fabricator of
the guard currently used. Playing the
game ourselves, as well as photographing
and videotaping players in action were
essential elements in understanding the
game and the guard's function within it.

From our analysis and research, we
derived several design criteria.

Design Criteria
The guard should:
a. protect the player's legs and feet

b. prevent damage to footrests

C. prevent the ball from wedging under
the footrests and causing it to  tip over.

d. be able to  withstand 200 lbs. of force

e. be quick to attach, remove and adjust.
The attachment time is not to exceed one
minute after an initial fitting.

f. have attachment and adjustment
mechanisms which are "disabled user -
frien dly," specifically , to accommodate
wheelcha ir users with limited trunk
stability and hand grasp. No adjustment
locations are to be lower than six inches off
the ground. Nuts, bolts, and locks must be
shaped to provide easy grip and leverage.

g. be adjustable in depth, height, width,
and angle to fit most chairs and achieve a
common bumping height. Additionally, the
att achment mechanism must accept
various tubing diameters.

h. not hamper ball handling. No player
should be at a disadvantage due to the
individual fit of their guard,

i, be suited to simple manufacturing in
small numbers

j. cost no more than $ 100 each. This cost
is appropriate for multiple user life, with
the guard bought and retained by the
sports facility or team.

k. be portable, because teams occasionally
travel by airplane to meets in other cities.

THE DESIGN

figure 2

Our prototype consists of four pieces of
plastic connected by carriage bolts and
wing nuts (see figs. 1 and 2). The two
front pieces are identical, as are the two
side pieces. 3/8" thick polypropylene was
chosen because it is durable, available,
inexpensive, and easy to work with.

A cam -lock quick - release attachment
mechanism is bolted to each side piece.
The clamping blocks are cut from
Aluminum bar. A v- shaped cutout was
chosen to provide a universal fit in
clamping onto variously sized tubes.

The footrest strut was determined to be an
accessible site for attachment of the guard.
It is a feature which is on all chairs and
allows a higher point of attachment than
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the footrest plate used by the current
guard.
Width, height, and depth adjustments were
designed to be simple and functional. Slots
paired with bolts and wing nuts are used
in a system which does not require tools,
but allows you to simply slide the parts to
the desired dimension, and then tighten.

Angle adjustment of the guard is
accomplished through two bolts at the
connection point between the guard shell
and the attachment mechanism. The
bottom bolt acts as a pivot point while the
top one can be adjusted in an are shaped
slot.

CONCLUSIONS

After testing our prototype with players
and coaches, we have found the prototype
guard to be:

-quick and easy to attach and adjust,
req uir ing five minutes for initial
adjustment, and thereafter, just 30 seconds
to attach or remove, using the quick
release cam locks.

-somewhat disabled user - friendly, with
some nuts difficult to unscrew. We are
evaluating alternative types of fasteners.

-excellent in adjustability of both width
and depth

-adequately adjustable for height. The
current adjustment site will be relocated to
allow more accessible adjustment at the
higher attachment mechanism.

-adequately adjustable in angle. We are
refining the mechanism to eliminate the
possibility of slippage due to hard bits.

-capable of good ball handling.

-ef ficient ly manufacturable in small
numbers.

-aesthetically adequate, further work will
include streamlining the design and adding
team colors and identity.

Overall, the prototype is more than capable
of protecting the player's legs and

footrests, and has adequate or better
adjustability in all directions required. All
production will expand with the growth of
the game.

This project's long range goal is to
encourage and expand sports for power
wheelchair users. Our hope is that a guard
which provides potential players greater
safety, accommodates their chair size, and
isn't troublesome, will give them the
opportunity to try and enjoy this sport.
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15.5
THERAPEUTIC PLAY ENVIRONMENT FOR BLIND AND VISUALLY IMPAIRED CHILDREN

Paul John Sp i ce r , Jon Robert Sa lto n, & C hr i s t i ne Hron
Co llege of Engi neer ing and Applied Science

U ni ve rs i t y  o f Wisconsin - Milwaukee

Abs t rac t

An i n t e r a c t i v e toy f o r  b l i nd and v i s ua l l y
impaired chi ld r en ages 6 months to 3
years was designed by a team of senio r
mechanical engi neer ing students . I t was
decided tha t the "to y" should surround
the c h i l d and form a to t a l play env i ro n-
ment co nta i ni ng spec i a l ly adapted to ys .
The play environment was designed to
serve as a small playroom where the ch i l d
would f ee l saf e. The i nd i v i dua l toys
contai ned i n the play environment would
encourage i nt e ra c t i o n wi th the env i ro n-
ment, teach cause and e f f ec t r e l a t i o n -
shi ps , pro vi de t a c t i l e and aud i to ry
s t i m ul a t i o n , and s t i mula te res i dua l
v i s i o n us ing very br i g h t l i g h t s and
co nt ra s t i ng co lo rs .

Background

Adaptive toys or toys sp e c i f i c a l l y de-
signed f o r b l i nd or v i s ua l l y impaired
ch i l d re n are no t rea d i ly  a va i l ab le today.
Ordi nary ch i ld r en ' s toys re ly heav i ly on
v i sua l feedback fo r play sa t i s f ac t i o n .
A va i lab le toys f o r b l i nd or v i s ua l l y im-
pa i red ch i l d r en co nsi s t p r i m ar i l y of
o rd i na ry toys modif ied to be appea li ng
to v i s ua l l y handicapped ch i l d r en . Teach-
ers and thera p i s t s i n th i s f i e l d have
requested an exp lo ra to ry toy tha t re -
sponds to a c h i l d ' s spec i f i c ac t i v a t i o n ,
such as reachi ng , touchi ng o r  h i t t i n g .

Statement o f the Problem

To des ign, f ab r i ca te , and tes t an i n t e r -
ac t i ve toy f o r b l i nd and v i s ua l l y im-
pa i red ch i l d r en between the ages of 6
months and 3 years. The toy should
inco rpo ra te a play a c t i v i t y o ther than
v i s ua l , such as aud i to ry o r t a c t i l e .
B r i gh t l i g h t s can also be used e f f ec -
t i v e l y  w i t h v i s ua l l y impaired ch i l d r en .

Design

An i n t e r ac t i v e toy f o r  b l i nd and v i s ua l l y
impa ired ch i l d r en was created by des ign-
ing a s t ruc t ur e which simulated a small
to p less playroom. The playroom was 4
f ee t by 4 f ee t by 2.75 f ee t hi gh and has
a 2 fo o t wide opening i n the f r o n t f o r  a
door. The re s ul t i ng 16 square fo o t f l o o r
space was found to be small enough fo r
the ch i l d re n to de f i ne the boundary, but
s t i l l la rge enough to ho ld 3 to 5 c h i l -

dren comf ortably. The i nd i v i d ua l toys
i ns i de the environment were placed on
opposite wa l ls and a t various he i ghts to
encourage scanning and exp lo ra t i o n of
the ho r i zo nta l and ve r t i c a l spaces. The
o vera l l he i ght of the s t r uc t ure was
def i ned by the spec i f i ca t i o n tha t the
s t r uc t ure must be ab le to f i t through a
standard door when turned on i t s si de .

Five i nd i v i d ua l toys were designed to be
bo th therapeut i c and enjoyab le fo r the
ch i l d r en . These toys consis ted of (1) a
blower wi th moving o b jec ts , (2) a mobi le
play gym, (3) a radio  /tape p layer , (4) a
ser ies of sequent ia l b r i gh t co lo red
l i g h t s , and (5) a textured pad tha t
generated common sounds. The t a c t i l e ,
aud i t o ry , v i sua l, and ki ne s t e t i c feedback
provided by the toys made them enter ta in -
ing and educat i o na l. The f o l lo wi ng
b r i e f l y describes each i nd i v i dua l to y ;
and how the afo rementioned goals were
accomplished by  the desi gn. A l l the toys
l i s te d below were tested a t the Center
f o r B l i nd and V i sua l ly Impaired Chi ld ren
i n Milwaukee Wisconsin.

(1 ) A toy co ns i s t i ng of a blower wi th
moving objects was b u i l t i nto the wa l l
ad jacent to the door. The design con-
si s ted of a sq ui r r e l cage fan a i r  b lo wer
attached to a ve r t i c a l pe rf o rated t r ans -
parent tube co nta ini ng twe lve ye llow
foam ba l l s . A br i gh t blue aluminum f o i l
background was used to co nt ras t the
ye l lo w ba l l s . The tube was mounted to
the ins i de the wa l l of the s t r uc tur e .
When a ch i l d ac t i va ted th i s toy (operated
the lever type swi tch to tu rn the blower
on) the foam ba l l s were lev i t a ted and
moved about i n a random manner i n the
cav i t y . A i r was fo rced thro ugh the vent
ho les and across the c h i l d ' s face, and
the blower motor made a humming sound.
The ch i l d used f i ne motor s k i l l s to con-
t r o l the speed of the a i r  and the ac t io n
of the foam ba l l s . Play ing wi th th i s toy
helped teach cause and e f f ec t re l a t i o n -
shi ps , encouraged i nt e r ac t i o n wi th ob-
jec t s ( the swit ch & a i r ) , and provided
t a c t i l e , aud i to ry , and v i sua l feedback.
The e f f ec t which seemed most enjoyab le
and i n t r i g u i ng was the a i r blowing out
i n to the c h i l d ' s face.

(2) the mobi le /play gym was mounted over
the back l e f t co rner of the s t r uc tur e .
The mobi le was const ructed wi th four
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chains suspending mu lt i p l e toys a t
hei ghts varyi ng from 3 to 3.5 f ee t . I t
encouraged reaching, ba t t i ng and exp lo ra -
t i o n of the ver t i c a l space. I t also
taught cause and e f f ec t re la t i o nshi ps
and gave i nt e r es t i ng and unique t a c t i l e
feedback. The toys contained on the
mobi le /play gym were: (1) a c lear tube
wi th r o l l i ng marbles, (2) p ro pe l le rs and
sandpaper tubes, (3) ho r i zo nta l square,
round and t r i ang ul a r s l i d i ng blocks , and
(4) hanging be l l s .

(3) Since v i sua l ly impaired chi l d ren en-
jo y mus ic , a rad io toy was mounted i n the
center of the back wa l l . I t consisted
of an AM /FM rad io / tape player wi th a
la rge on /off rocker swi tch. This swi tch
was s i m i l a r  t o the types of switches tha t
a v i sua l l y impaired person might enco unt-
e r . There fo re, th i s would he lp chi ld ren
to recognize bo th the feel and the func -
t i o n of two -way switches (on and o f f ) .
The o ther func ti o n of the radi o  wo uld be
to simply pac if y the ch i l d occupying the
a c t i v i t y cente r . The f ac t tha t the ch i l d
could co nt ro l the music wi th an on /off
swi tch wo uld gi ve them the opt ion of hav-
ing i t o r no t . The opt ion of having a
tape being played ra ther than j us t the
radio added ano ther face t . I t i s gener-
a l l y known tha t most chi l d ren f i nd the
sound of a parent ' s vo ice to be reas-
sur i ng . This i s espec i a l ly t rue wi th
chi ld ren who have vi s i o n problems. There-
fo re , the tape player along wi th a tape
of a parent ' s vo ice could be used to
paci f y the ch i l d . Also , i f a chi ld  were
to have a f avo r i t e song or  t ype of music
then the tape player could be used to
play i t f o r them whenever they wanted i t .

(4) A toy co ns i st i ng of a seri es of se-
quent i a l b r i gh t co lo red l i g ht s aimed
mai nly a t the v i sua l l y impaired chi l d ren
was designed. The f ac t tha t these c h i l -
dren also l i ke qui e t and steady sounds
along wi th low frequency vi b ra t i o ns pro -
moted the e f f ec t i ve use of a gear motor
to ac t i va te fo ur b r i gh t l i g ht s placed
ve r t i c a l l y i n a c lear p la s t i c tube. A
cha l leng i ng ac t i v a t i o n swi tch was used.
Not only would i t be usef ul f o r a ch i l d
to learn how to use th i s type of swi tch,
i t would also al lo w them to run the se-
quence of the f lashi ng l i g ht s at whatever
speed they desi red ( the play aspec t) .
The motor tha t was used to ac t i va te the
l i g ht s had a maximum speed of 52 rpm.
This would al lo w the sequence of the
l i g ht s to go through approxi mately one
cyc le per second. Also , the motor gave
o f f a f a i r l y low frequency vi brat io n when
i t was running . There fo re, i t was a t -
tached d i r e c t l y to the f lo o r of the play

environment so tha t i t would be possib le
to feel i t s v i b ra t i o ns . This toy was
bo th ente r ta i ni ng and cha l leng i ng f o r  a l l
the chi ld re n, and fo r the ones wi th some
res i dua l vi s i o n i t was usua l ly t he i r
f avo r i t e toy i n the play environment.

(5) A textured "sound pad" was mounted
to the r i g h t of the play envi ronment's
door. This toy consi sted of s i x rec tan-
gul a r shaped buttons which produced d i s -
t i nc t i v e t a c t i l e sensations and sounds
when touched. The textured sound pad
taught cause and e f f ec t and provided
t a c t i l e and aud i to ry s t i mul a t i o n. The
use fulness of th i s toy i n the a c t i v i t y
cente r had many facets . F i r s t , i t gave
a sound response to a phys ical i np ut from
the ch i l d . Each sound was ca r e f u l l y
chosen so tha t the ch i l d would no t be
f r i ghtened by i t . The si x sounds tha t
were chosen were: a telephone b e l l , a
b i rd chi r p i ng dev ice, and fo ur d i f f e r e n t
e lec t ro ni c tones. This toy also helped
v i s ua l l y impaired chi ld r en enhance t he i r
sense of touch. By having a d i f f e r e n t
text ure on each but to n, the ch i l d could
lea rn to es tab l i sh a purpose fo r i d z n t i -
f y i ng d i f f e r e n t types of sur faces. Also ,
the o r i e nta t i o n of the buttons wi th re -
spect to each o ther was the same as tha t
used i n B r a i l l e wr i t i ng (2 across and 3
down). Ano ther  therapeuti c facet of th i s
toy was i t s spa t i a l arrangement wi t hi n
the a c t i v i t y cente r . The c l us te r of si x
but to ns was mounted ver t i ca l ly  t o wa rd the
bottom of one wa l l . Younger o r phys i -
c a l l y disabled chi ld r en might only be
capable of reaching the bottom two
but to ns . However, as they grew and /or
developed, the f ac t tha t there are two
more leve ls of buttons above the f i r s t
ent iced them to exp lo re t he i r ve r t i c a l
enviro nment.

Development

The fo l lo wi ng sa fe ty and design goals
were met with th i s des ign:
(1) The toy was caulked from the ins i de
to prevent an e l e c t r i c a l shor t i n the
event tha t a ch i l d would suck, chew, o r
ur i na te on the to y. (2) P o t en t i a l ly
dangerous corners and edges were covered
wi th pro tec t i ve s t r i p s . (3) A l l motors
were equipped wi th a thermal overload
swi t ch. (4) A double screened intake
vent was used to ensure a ch i l d could no t
ge t t he i r f i ngers i nto the blower. (5)
In the un l i ke l y event of an e l e c t r i c a l
sho r t , the toy was pro tec ted wi th a c i r -
c u i t breaker. (6) A 4 i n . diameter c lea r
cast ac r y l i c tube was placed around the
l i g ht s to prevent co ntac t burns. (7) I t
was necessary to keep the volume of a l l
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sound making toys low enough no t s t a r t l e
a c h i l d , but loud enough to keep t he i r
i n t e r e s t . (8) An access door was cut i n -
to the rear ex t e r i o r  wa l l of the a c t i v i t y
cente r . The lo ca ti o n of th i s door i n
re l a t i o n to the a c t i v i t y cente r i t s e l f
would be on the back wal l j us t behind the
radio  /tape p layer . The door was also
placed i n such a way tha t access to the
power s t r i p was po ss ib le . Then, i f the
c i r c u i t breaker i n the power s t r i p were
to be t r i ppe d , i t could be eas i ly rese t .

Evaulat i o n

On December 5, 1990, the play environment
was de l i ve red to the Center fo r B l i nd &
V i s ua l ly Impaired Chi ldren i n Milwaukee
Wisconsin. The f o l lo wi ng remarks were
made by fo ur of the therap i s t s a t the
cente r i n regards to fo ur d i f f e r e n t
ch i l d r e n . Each chi ld had a s l i g h t l y
d i f f e r e n t degree of d i s a b i l i t y and the
st reng ths and weaknesses of the env i ro n-
ments a b i l i t y to the ra peu t i ca l ly ai d the
ch i l d was documented fo r each case.

Chi lds Name: Dan. Chrono log ical Age: 2
years, 10 months. Developmental Level:
24 to 30 months. Response to Env i ro n-
ment: "Dan loved exp lo r i ng every but to n
and swi t ch. He loves l i g h t s and was awed
by the br i g h t d i sp lay . He summed i t a l l
up hi mse lf by saying 1 1 l i ke t h i s ! ' "
Fa c i l i t a t e s Learni ng : "Dan i s lea rni ng
self -  conf idence and independence. The
play environment gives him p lenty of
o ppo r tuni t i es to say ' I di d i t  m y s e l f . ' "

Chi lds Name: A l l i s o n . Chro no logi cal
Age: 3 years, 7 months. Developmental
Leve l: 1 to 2 years. Response to E nv i -
ronment: " A l l i s o n loved the l i g h t s and
learned to ac t i va te the swi tch a f t e r  o n l y
2 t r i a l s , even though f i ne motor tasks
are d i f f i c u l t f o r her . The co lo r con-
t r a s t o f the f l o a t i ng ba l ls allo wed her
to do some vi sua l t racki ng i n an en te r -
t a i ni ng way. A l l i so n also loves music
and was de l i ghted to be ab le to co nt ro l
when the music turned on or o f f . " Fac i -
l i t a t e s Learni ng : "The d i f f e r e n t swit ches
f a c i l i t a t e f i ne motor exp lo ra t i o n and
cause  /ef f ect development. The l i g h t s
and f l o a t i ng ba l l s are a grea t to o l f o r
enhancing vi sua l t ra ck i ng . The sound
board can be used f o r  t a c t i l e d i s c r i m i na-
t i o n , aud i to ry d i s c r i m i na t i o n, memory
and sequencing. Above a l l , they are
having fun whi le they do  a l l t h i s . "

between cause and e f f e c t . The play
environment gives him many o ppo r tuni t i es
to operate switches and have fun. Kyle
i s lea rni ng to use sign language to t e l l
us what he wants, and we can always .get
him to sign 'more' when we use the play
env iro nment ." Fa c i l i t a te s Learni ng :
"When Kyle i s using the play envi ronment,
we can enhance hi s vi sua l exp lo r a t i o n,
v i sua l t ra cki ng , communication, t a c t i l e
exp lo r a t i o n, t a c t i l e d i s c r i m i na t i o n,
aud i to ry d i sc r i m i na t i o n, cause /ef f ect
development and f i ne motor development.
He's so busy p lay i ng , he do esn' t even
know he's lea rn i ng . "

Chi lds Name: Br ianna. Chrono log ical
Age: 18 months. Developmental Leve l: 9
to 12 months. Response to Environment:
"She was i nt r i gued by a l l the toys i n
the play environment. We were ab le to
f a c i l i t a t e use of i m i t a t i v e ' o f f ' and
'o n' . She spontaneously requested 'more
mus i c ' . " Fa c i l i t a te s Learni ng : "The
design of the play environment allowed
her to feel the boundaries of the un i t
and encouraged her to move from s ta t i o n
to s ta t i o n. She can also be encouraged
to use words to i nd i ca te her cho ices fo r
play a c t i v i t i e s . "

Discussion

The culmi na t i o n of th i s p ro j ec t gives a
f a i r l y c lea r i nd i c a t i o n tha t the play
environment design was success ful . Whi le
none of the i nd i v i dua l play environment
toys by themselves could ass i s t a ch i l d
i n a l l of the areas mentioned (v i s ua l ,
t a c t i l e , aud i to ry , cause /ef f ec t, e t c . ) ,
the play environment as a whole di d
achieve these goa ls. Also , the f ac t
tha t th i s un i t was designed wi th b l i nd
and v i sua l l y impaired chi ld r en i n mind
does no t mean tha t they would be the
only group of chi l d ren who could bene f i t
from i t . The play environment would be
e f f ec t i ve fo r chi l d ren of a l l a b i l i t i e s
as long as t he i r age f i t the range of
s k i l l s tha t are required ( to 3 years ) .

Reference
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In t r o d u c t io n

A New York Times article of January 22, 1991 details how
the US  go vernment is  s ett in g s tric ter regulatio ns  with
regard s to hand ic ap ac c ess ib ility. The go vernment
recognizes the many obstacles that prevent the handicap and
eld erly fro m performing fundamental d aily functio ns , i. e.
sho p p ing,  b anking, and  wo rking.  (Ref.  1) Beyond  the
s c o p e o f t he U.S .  re gulatio ns ar e  a whole realm of
addit ional obs tacles fo r the tho se with p oor mobility. This
pro jec t  c o nc entrates on elimin ating an ob stac le and
facilitating an ac tion fundamental to mo vement, standing
from

a

sit t ing po s it ion. A new c hair pro to type is
developed through careful engineering analysis. Ergonomic
data and the forces generated by a person's weight determine
the specifications  of the d evice. Many alternatives fit these
spec ific atio ns. The final des ign is  a s imple frame chair
that  ro c ks the user fo rward  as their b o d y weight is
transferred.  Once forward, the chair remains in position to
allow the easiest egres s to a standing po sitio n. T he design
is  a user -  friend ly,  c omfortab le,  tec hno logic ally s ound
d evic e t o  a s s is t  t he d is a b led  to stand  fro m a s it t ing
pos ition.

P r o b le m

For years, my grandmother has struggled to lift hers elf out
of a chair. She has a s tiff  right leg, an injury incurred in a
car ac cident at age seven, and problems with her left knee.
Movement fro m a relaxed  sit ting pos ition is a prob lem for
many elderly and handic apped. The nature of the co mmon
chair is to p osition the user's weight in the back of the seat
thereb y relieving the legs from fo rces. The act of standing
up demands the transfer of the user 's weight from the back
of the chair to  the legs. This  transfer p uts a large stress
and demand of the knees and/or arms to lift the body.

The so lution, an imp ro ved chair,  is designed  to treat the
difficulty as  a tec hnical problem. An effective c hair must
facilitate the us er 's  mo vement. The so lutio n is a d es ign
that benefits the user's attempts to sit and stand.

Met ho d o lo gy a n d Dev elo p me nt

Be fo re  b eg in ning the des ign of a so lution, general
sp ec ific ations  for the d evice are generated . The mo s t
imp o rtant s p ec ific atio n is  that  the c hair mus t allo w the
occupant to sit  and stand with ease. This function may not
req uire any p o wer s o urc e,  b ut mus t b e inherent in the
mechanic s of the des ign. For comfort, the design must be
relatively stab le and c o mp ly with the ap p ro p riate
anthropometric and ergonomic data. ( Ref. 2) All geometric
specifications are controlled by the users body dimensions,
i.e. the length o f the thighs,  extension of arms and height
of calf and knees.  The size shall s tay within the limits of a
four foot cube. T he finis hed design must b e simplistic and
aesthetically pleas ing.

S o me altern atives so lutio ns are generated through
brainstorming. One possibility is a s pring - loaded design
that  co unterac ts  the weight of the us er. Another mo del
transfers the force on the armrest to lift the back edge of the

16.9

seat. A third alternative is  a chair weighted  at the fro nt of
the seat which pivots about the connec tion to the armrest
so that once the user's weight is lifted off the chair, the seat
will p ro vid e a  gentle fo rc e  o n the b ac k and  the up p er
thighs. Small p res s ures generated  b y the legs c an b e
optimized by a design where the seat rolls back away from
the us er.  A mo dific atio n o f the mechanism in an o ffic e
chair would allow the user to tilt forward in order to get up.
The last  alternative, trans fers  the body weight b y roc king
the occ upant in and  out o f the chair.  All o f the alternatives
utilize a b alanc e b etween the weight o f the c hair and the
weight o f the us er. In ad d it ion,  all o f the des igns have
armrests. The armres ts allow a majo r p art  o f the forc e
necessary fo r stand ing up to be generated by the p erso n's
arms. The designs also include contour seats for comfort

In the analys is of these possib ilities, the needs  and d esires
of the us er are c onsidered. All of the alternatives facilitate
sitting and  standing.  The differences lie in the nature of the
help p rovided. Some o f the choices  are too  fo rc eful and
intimid ating. T he  aim is  t o  a vo id  any  un ant ic ip at ed
mo tio ns . The us er s ho uld be c o mfo rtab le with the
mo vement, no t hurled  fro m the c hair. Any alternatives
with thos e characteris tics  are therefore unacc ep table. A
slow, even process is most co mfortable for the elderly and
the handic apped . It allows them to remain in control of all
mo vements .  F ro m the p reliminary evaluatio n o f all the
alternatives , two des igns are mos t p romising and  pursued
more in depth.

Further exp eriments are p erformed o n the modification of
the o ffice chair and  the roc ker d esign in whic h working
models for both d esigns are ass emb led . In an office chair
the tilting mechanism is rotated 180°  degrees to allow the
chair to tilt  forward rather than bac k. The hinge is centered
width -wise on the seat and moved  along the length of the
seat experimentally to  d etermine o ptimal plac ement. The
intent o f the modification is to trans fer a force exerted  by
the users legs , in order to lift the back of the seat and help
the occup ant out. Tes ting reveals  that lift ing the back of
the s eat , however, req uires a great amo unt of fo rce. In
order to lift the back portion to a desirable height, the pivot
po int  is p lac ed  c los e to the front edge o f the s eat . The
placement greatly decreases the mechanical advantage of the
pers o n app lying the fo rc e. S in c e the  mo men t a rm is
smaller, the fo rce applied mus t inc rease prop ortio nately in
ord er to generate the torque nec es sary for rotatio n. The
forc e requirement is c ons idered a flaw in the design. It is
pro jec ted  that  the targeted  us ers  co uld  no t generate the
necessary forces for an effective use of the chair. Therefore,
emphasis is placed on the rocker design.

A wood en mo del o f the rocker is  b uilt. In order to allow
fo r exp erimentatio n, the ro c kers are detac hable and
adjustable in relatio n to the s eat. Early observations reveal
that the prob lem o f large fo rce requirements in the o ffice
chair d esign is eliminated in the rocker des ign. T he height
p lac ement of the po int of ro tatio n inc reas ed the
effectivenes s of the c hair. Sinc e the p ivo t po int is  at  a
greater vert ic a l d is tan c e fro m the seat, the  a ngle o f
inclination increases  in relation to the vertical displacement
of the seat  b ac k. More importantly,  however,  the ro cker
uses the redistribution of the body weight to the occupant's
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advantage. The force necessary for rotation is provided by
the body weight. By shifting their center of mass beyond
the pivot point, rotation occurs and the chair rocks forward
to a position that facilitates standing up.

In order to insure stability and an inherent feeling of
control for the user, the rocker is a two -plane system. In
the sit ting position, the chair is  comfortable with a
slightly reclining angle and does not rock. (See Figure 1.)
The rocking occurs as the user shifts their center of mass
beyond the pivot. (See Figure 1) At this point, the chair
rotates onto another stable plane which gives the user a
better angle for standing up, while providing a stable
resisting force for the pressure of the arms on the armrests
and frame.

After establishing the rocker as an effective design, the
speck elements are more carefully analyzed. Being the
most complicated and most important element of the
des ign, the rocking plane is examined firs t. From
calculations regarding the size of the legs, a preliminary
angle of 30° to the horizontal for the front plane pitch is
chosen. In experimentation, however, this angle proves
too severe. A smaller angle of 100 is the most effective. It
allows the user to shift pressure onto the legs and to situate
themselves in a position where standing is facilitated. The
determination of the position of the change in planes, the
pivot point, incorporates the anthropometric dimensions of
the thigh and center of mass. At the desired position, the
occupant's conscious shift in his or her body weight, will
rotate the chair to a front plane. For a seat of depth 17 ",
the ideal position is 10" from the front, 7" from the seat's
back edge. With the pivot point deeper (further from the
front) than 10" normal reaching movements could cause the
rotation. At positions beyond this ideal in the other
direction, it is more difficult to shift the center of mass.
The curvature of this pivot point has two contradictory
repercussions. If the pivot point is a simple straight line
angle of 10° the rotation is quick. On the other hand, if
there is a curve, it is possible for the chair to rotate
without a conscious effort by the occupant. Since the
latter action is considered a bigger problem, the transition
remains fairly brisk as the pivot maintains an extremely
large radius of curvature. The length of the rocking plane
is preferably just large enough to support all forces. Excess
length can be a tripping hazard. The final length of the
rocking plane allows for stability in both positions. In the
back position the rocker does not exceed the back of the
seat, and in the forward position it ends directly at the
normal from the end of the armrest to the ground plane.

pivotline

Center of Massof
Ocntpant in the sitting
position.

After analyzing the rocking plane, the focus shifts to
defining its interaction with the other elements of the chair.
The contour of the seat derives from experiments with a
chair machine. The original seat contour has a back angle
of approximately 15° to vertical. In addition, a rise in the
front of the seat supports the knees. Due to the specific
handicap of the case study, (a stiff right leg), the original
raised portion of the seat decreases, thus allowing the stiff
leg to rest more comfortably on the seat. Careful attention
is given to avoid discomfort between the seat bottom and
the seat back. A large radius curve connects these two
portions providing maximum comfort. The orientation of
the seat relative to the rocker delineates the mechanical
integrity of the design. The seat is to be comfortable for
normal relaxation usage, while on the other hand, it is
imperative that the seat angle gives support to the legs as
the occupant stands. In the siting position the front of the
seat is above the horizontal whereas in the entry and exit
position it is below the horizontal. Therefore, while
relaxing the chair eases stress on the legs, and when the
user moves to stand the legs are in the position of thigh
above knee.

The armrests are the final element considered in the design.
When the seat is in back position the armrests are 25"
above the ground plane, thus establishing the armrest
approximately 8" above the seat with slight variations
along the seat length. Therefore, the user's arms rest
comfortably when sitting. In addition, the height of the
armrests allows them to provide a steady resistance against
which the user can push. The length of the arms and the
nature of the downwards forces applied when standing up,
stipulate that the armrests span the length of the seat. The
weighted balance of the chair controls the stability of the
armrests. The chair is balanced so that only an outside
force can cause rotation. In other words, the chair remains
in the forward position (after the rotation by user), so the
armrests provide a solid resistance. The armrests are a
width design to fit the hand comfortably and foster a
natural, easy grip, approximately 11/2" to 2 ".

Prototype

After performing the engineering analysis above on the
working model, a prototype design develops. The
geometrical parameters depend on the anthropometric data
of the user. In order to provide the desired benefits, the
height of the chair must change with the height of its user.
Analysis of the ergonomic data reveals that in order for the
user to receive the benefits of the chair the height must be

Center of mass as the
occupant moves to
getup. \

Weight —►
I

+ I
1
I

Counter-clockwise torque causes
rotation to ; rcnt plane.
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increas ed commensurate with the inc rease in the length of
the calf. In other wo rds, for every inch increase in the size
of the lo wer leg,  the fro nt height o f the c hair s ho uld b e
increased one inch. (The starting height is 17" for a model
us er 5'5" tall.)  Due to  this fund amental q ualification, the
prototype is custom designed to fit the needs of the model
user (Female 55" tall).

The c o mbinatio ns o f the nec es s ary s truc tural elements
generate several different d esigns  fo r the proto typ e. The
prototyp e design is chos en for is chosen for its  simplic ity
and elegance. The prototype integrates two wooden frames
with a c ontoured seat. The frames  compose the armrests,
struc tural sup ports and  bottom rocking plane. The seat is
sup po rted  in two p laces by the wo od en frames. Cab inet
fas teners  are us ed  at  the c o nnec tio ns . Thin s heets  o f
plywood form the seat. The plywood s heets are glued and
molded to the contoured form using a vacuum bag to apply
constant, even pressure. The right and  left  frames are c ut
and  s hap ed  of as h wo o d . A wo o d en  d o wel a lo ng the
bottom o f the ro cker increases the left  to  right s tability of
the chair. As an element of the aesthetic design, the dowel's
circular s hape delineates the point of rotation. In addit ion,
fo am and uphols tery co ver the wo o d s eat for ad ditio nal
co mfort

Co nc l us io n

P res ently,  the p ro to typ e is  func tio nal. It  p ro v id es  a
solution to the problem of lift ing oneself out of a chair - a
pro b lem d aily exp erienc ed by many eld erly and
handicapped . In particular, it is custom fit for the needs of
my grandmother,  Ro se Cas olaro. The height and  o ther
dimensio ns are s uitable for the her height (5'  5 "). It  allows
her to  use her s tiff leg to balance and to cant'  a portion of
the lo ad  nec es s ary fo r s tand ing. Mo reo ver, the des ign
pro vid es  a help ful hand . My grandmother o b serves the
supp ort of the chair o n her b ack and  st iff legs as  she sits.
In addition, she feels the chair helps her stand and sit while
maintaining control and a comfortable pare.

F ina l P ro to t yp e Des ig n

Often d es igns  to  fit  the s ame p urp o s e wo uld  c o mb ine
co mp licated mec hanical and electrical parts  that are no t
user friendly and  are o ften intimidating. The roc ker chair
presented  here is not a complex p iec e o f machinery,  it  is
something that loo ks  natural in a living roo m sett ing. In
ad d it ion to  being a great help  in the home, the design
wo uld  b e us eful in d oc tors  o ffic es ,  nurs ing ho mes  and
similar facilit ies . Patients  using these c hair would  have
mo re freed o m in the ir mo v eme nt s ,  and  re q uire less
assistance.  This user - friendly char is a technical solution
that c o mb ines engineer ing analys is with aes thetic
simp licity. This is how devic es  fo r the handicap s hould
be developed!

Ac k n o w le d g e me n t s
Fund ing fo r p rojec t  p rovid ed  by the T hayer S cho o l o f
Engineering at  Da rtmo uth Co llege. Sp ec ial thanks  to
Pro fes s or F rancis  Kenned y,  P eter Ro b b ie,  the Ho p kins
Center Des ign Stud io , an d  R o g er  Ho we s fo r t heir
assistance.
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16.10 A PORTABLE, TRUNK - SUPPORTING TOILET SEAT

Raymond L. Grott and Elaine M. Westlake
Rehabilitation Engineering Technology Training Project

San Francisco State University, San Francisco, CA

ABSTRACT

The goal of this project was to provide a young girl
with cerebral palsy with a portable, trunk -
supporting toi let seat adaptable to  f i t securely on
any toilet encountered in residential, institutional
or public settings. The resulting design reflects the
challenges presented by a wide variety of toi let
shapes and sizes together with the complex
physical, social and emotional needs of  the client
and her family. In addition, the current design
provides a stock base assembly upon which
specialized seating surfaces can be mounted to
accommodate a wide range of client needs and sizes.

INTRODUCTION

Neuromuscular disorders or paralysis often leave a
person with weak or uncoordinated muscles and the
inability to maintain a stable seating position
without physical restraints or assistance from
another person. Resulting issues of self - reliance
and personal dignity are compounded when
assistance is needed in using the toilet.

Our 8- year -old client, Ana, has severe athetoid
cerebral palsy. She cannot sit independently and
uti lizes a sturdy commode chair with a lap belt at
home so her family members or attendants can
leave her in privacy during elimination. When
travelling beyond the house, the commode chair
must go with her, usually in the family van —a
cumbersome process. If this is not practical, she
must be supported by another person. Further–
more, Ana tends to exhibi t pelvic thrusting caused
by increased extensor tone at the hips, compounding
her dif f icult ies when sitt ing in her commode chair.
Ana's family is very committed to her indepen–
dence, dignity and self- esteem. They requested a
trunk - supporting toilet seat attachment that was
compact and portable enough to be carried on the
back of  her electric wheelchair.

DESIGNING FOR THE WORLD OF TOILETS

A product search utilizing Abledata, Pro -Find and
professional therapists revealed a few support
seats on the market. However they all relied either
on a system of bolting to the toilet (not portable) or
a chair -like superstructure (too bulky) for
stability and safety. A comprehensive U.S. Patent
search from 1960 to the present f ailed to uncover
any useful designs that might not have been
marketed. It was noted that bo th portability and
stability were designed for in some high -rise toilet
seats. Unfortunately, none could fit every toilet.
When a signif icant degree of variation in toilet

styles was provided for, adjustment was accom–
plished by changing bracket sets or by multiple
adjustments with a wrench.

The design team measured the dimensions of over
40 models of toilets in a variety o f locations, both
those in place for many years as well as the latest
"designer" models. The following design criteria
were established:

1)Use o f  t he to i let bowl as a stable seating
surface rather than the seat. Due to the
inherent looseness in to ilet seat hinges and the
current use of plastic hinges and bolts.

2)U ti li ze po i nts of at tachment on either
side, 9" back f rom the f ront edge of
to i let bowl. Despite the wide variations in
shapes and sizes, one dimension, the width near
the centerline of the bowl, varied the least (from
13 -1/2" to 15 ").

3)E xternal rather than inte rnal clamp ing.
Reflects considerations of the questionable
cleanliness of  public toilets and the generalized
aversion to the internals of plumbing f ixtures.

4)Avo idance of archi t ec tural barriers. The
absolute maximum horizontal extension of any
part of  the device is to be 15 ", measured from
the centerline. This is the clearance created by
compliance with the Uniform Plumbing Code.

5)Durable. Mechanisms to minimize contact with
and resist corrosion from water and urine.

6)Safe and secure. A testing rig was constructed
and subjected to static and dynamic condit ions
with weights of 65 and 155 Ibs (Ana weighs 40
Ibs) to determine the po tential stresses on the
seating base and back and the forces tending to tip
the assembly o ff of the toilet bowl. Measure–
ments were made for forward sliding, backward
tipping and side leaning. The results were
established as construction guidelines.

DESIGNING FOR THE USER

The design team met with Ana and her f amily to
examine her needs, evaluate her existing commode
chair and incorporate their input and ideas into the
design. The resulting design parameters were:

1)P rov ide an "anti - thrust" adap tive seat
and lateral hip bo lsters. Signif icantly re-
duces hypertonal extensor thrusting which can
greatly impede elimination. (See references.)

2)Pro vide a f irm back with lateral trunk
supports and a padded lap belt. Ana has a
tendency to lean forward or to either side.

3)A djus tabi li ty for size and gro wth. The
seat, lap belt, back location and lateral trunk
supports are to be adjustable or replaceable.
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4)Ease of use. The device should be simple to
operate and easy to explain, as a wide range of
people might be called on to help Ana use i t .
Minimal strength should be required.

5)S anitary. The device will have a "clean" ap-
pearance and coverings will be made of materials
that can be easily washed or wiped down.

6)Fr lendly des ign. Not antiseptic or institu-
tional. Ana should "like" the device and
participate in aesthetic choices.

7 ) C o l l a p s i b i l i t y  / p o r t a b i l i t y . The device
should fit on Ana's wheelchair (19" X 23"
available on the back) and weigh under 15 lbs.
Back support to be removable to aid cleaning and
manipulation.

8)Reasonable pri ce. Although the family will
not be charged for prototype work, the issue of
affordability for other users was considered.

DESCRIPTION OF THE SEATING DEVICE

After several design efforts, with input from
faculty adviso rs, fellow students and Ana and her
family, the team constructed a working pro totype.
Its key elements are:

Universal Base. A simple rectangular f lat base of
3/16" acrylic plastic, hot pink (Ana's choice),
18" wide (to accommodate the largest toilet and
mechanisms) by 14 -1/2" deep (limit set by
smaller- dimensioned toilets) with a 2" lip on
front and back sides. One - eighth inch thick alumin-
um angle stock was attached to the side edges for
strength. The receptor for the back support is
mounted to metal brackets (adjustable on the base
for growth). The lap belt anchors to these brackets.

Custom Seating Insert. An anti- thrust seat and
lateral hip bolsters were constructed of dense
polyethelene foam and covered with grey and pink
vinyl materials. The seat matched the specifications

of Ana's wheelchair insert designed at Children's
Hospital at Stanford.

Removable Back Support. Constructed o f 1 /8"
plywood with a light- weight hollow -core design. A
latching mechanism was built into the back, locking
the base upon insertion into its receptor.
Compression of a lever in the hand -hole at the top
releases the back. Padded lateral trunk supports
which fold flat for compactability are aff ixed.

Base At tachment Mechanism. The defining
design requirements were safety and reliability.
This required the application of a consistent,
repeatable, predetermined gripping force to the
sides of the toilet bowl, regardless of toilet
dimensions o r user strength. Simplicity of opera—
tion was also a priority

A resilient rubber pad, chosen for its high
coeff icient of friction on both dry and wet surfaces
is attached to a spring - loaded backing plate (A)
(Pre -load on springs is adjustable for prototype
testing). The pad and backing plate is f ixed to a
spring- activated piston (B) which can travel ho r-
izontally in its housing (C) to accommodate varying
widths of toilets. The piston can be made to lock in
its housing while an eccentric cam (D), attached to
a hand - driven lever, pushes the housing assembly
inwards towards the toilet a f ixed distance.

Operation is as follows: [1] The base is slid towards
the back of the toilet. (Pads on each side travel with
the piston to  maintain contact with the toi let rim.)
[2] As each lever is lowered 20 degrees from full
upright, tension is released on a pin (E), locking
the piston in its housing. [3] Further rotation of
the lever arm and eccentric cam pushes the
housing /piston /pad assembly towards the toilet,
compressing the pad springs and exerting a pre -set
force of aprox. 25 Ibs per pad. [4] Lever self -locks
in downward position. [5] Return of lever to full
upright releases mechanism for removal of base.

Co mple ted Dev ice: Weighs 11.5 Ibs, is 21-
1/2" X 14 -1/2 ", 6" thick when collapsed for
carrying. Maximum extension of lever horizontally
is 13" from centerline.
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TESTING OF PROTOTYPE

Once constructed, the prototype was tested for f it on
several styles of toilets and subjected to force tests
similar to those done on the test rig. The device
successfully withstood the specified loads.

The seat was  then delivered to Ana and her family
for testing. The initia l tria l was  quite  promis ing.
The device installed easily, remained firmly in
place and appe ared to inhibit or reduce Ana 's
thrusting behavior. The users were enthusiastic
about both the  performance and the  appearance of
the device. Minor adjustments were made and the
family is continuing to test the prototype.

FURTHER WORK

After a test period, the team wi ll construct a f inal
device for delivery to the family. This will
incorporate their feedback from testing, better seat
coverings , a  mo re carefully- machined mechanism
(enclosed for appearance and cleanliness) and a
carrying case.

The design team plans to  explo re other potential
categories of users and their requirements for
specialized seating.

The team is  aware  that the  built  - in toi lets used in
most airplanes and trains will not accommodate this
portable toilet seat or most other assistive devices.
This and other access issues with these toilet facil—
ities can best be resolved by the travel industry.

MANUFACTURABILITY

This prototype was constructed from readily -
available materials using simple shop  eq uipment

and techniques . Materials used cos t less  than $50.
While the mechanical concepts employed are basic
ones, the structure and mechanism can be further
refined and tailored to manufacturing methods.

Production of the  standardized base  In quantity a t
reasonable prices should be feasible. It is expected
that the price would fall within the range
established by Co lumbia Medical's (bolt -on) sup—
port seat which sells for $250 in the child -size
version.

The cost of custom adaptive seating inserts would
vary depending on individual needs.

MARKETABILITY

The design team feels that a noteworthy feature of
this project is the development of a stock mounting
base to which cus tomized adaptive seating and back
supports can be attached. Design considerations,
while prompted by the particular needs of Ana and
her family, are believed to be widely applicable.

People with disabi lities, therapists, medical equip-
ment suppliers and other interested professionals
consulted have stressed to the team the need for a
portable, trunk - supporting toilet seat. This seat
could meet the needs of a wider market, increasing
independence and access to community activities,
recreation and travel for many.
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