USING DATA LOGGERS TO DESCRIBE SEASONAL PATTERNS OF COMMUNITY PARTICIPATION AND
MOBILITY OF WHEELCHAIR USERS OVER AN ENTIRE YEAR

Jaimie Borisoff!2, Jacquie Ripat®, and Franco Chan?
British Columbia Institute of Technology, Vancouver, BC, Canada; “International
Collaboration On Repair Discoveries, Vancouver, BC, Canada; >University of
Manitoba, Winnipeg, MB, Canada

INTRODUCTION

Wheelchairs are intended to promote the
mobility and community participation of people
with disabilities. But many people who use
wheelchairs report less community participation
than people without disabilities, including
leaving their home (Harris, 2007) and
involvement in social relationships (Carpenter

et al.,, 2007). Fostering participation is
important because it's considered the most
meaningful goal of rehabilitation (Miller,

Garden, & Mortenson, 2011), and a significant
predictor of subjective quality of life (Noreau et
al., 2005). Unfortunately, many feel that their

wheelchair poses a greater barrier to
participation than their actual mobility
impairment, especially if the equipment is

poorly matched to their specific needs and
environments of use (Carpenter et al., 2007;
Whiteneck et al., 2004).

Several general barriers to wheelchair use
and community participation are known,
notably the built and natural environments.
One aspect of the natural environment that is
often a barrier to participation is climate, in
particular winter conditions (Hammel et al.,
2008; Juvani, Isola, & Kyngas, 2005; Lindsay &
Yantzi, 2014; Ripat & Colatruglio, 2016).
Winter, snow, and ice are well established as
substantial obstacles to individuals who use
mobility devices, including wheelchairs,
particularly around community integration and
involvement in desired social roles (Lindsay &
Yantzi, 2014; Ripat, Borisoff, Grant, & Chan,
2017; Skinner, Yantzi, & Rosenberg, 2009).

However, there is little known about how
the patterns of community participation differ
across the seasons for people who use
wheelchairs as their primary mode of mobility,
or how specific winter conditions impact
participation patterns. The use of data loggers,
on wheelchairs or otherwise, is one method of

objectively documenting the patterns of
community participation. Most data logging
studies have been of limited duration, reporting
only cross sectional data collection periods of 1-
3 weeks. One longitudinal study reported on a
single case of one individual post stroke (Neven
et al., 2013) with data collected for five 1-week
periods over 12 months. A second study
compared community participation patterns in
summer and winter by tracking the travel
patterns of 40 healthy older adults using global
positioning system (GPS) monitoring in
California, USA (Yen et al., 2015), however
little difference was seen and there was no
indication that winter conditions included snow,
ice or temperatures at or below 0° Celsius (Yen
et al., 2015).

We recently reported on a year-long case
study of three Canadian wheelchair users using
GPS tracking and prompted recall interviews
(Ripat et al., 2017). One subject maintained
the mean distance traveled throughout the

year, while the other 2 saw decreases in
temperatures below 0° Another subject
maintained the number of trips taken

throughout the year, while the other 2 saw
decreases when temperatures fell below 0°. All
subjects used a variety of strategies in
response to winter weather challenges. And
ready access to accessible vehicular
transportation regardless of weather condition
was a key factor in promoting community
participation across the year.

The goal of our larger research study was to
describe how wheelchair users participate and
move at home and in the community during an
entire year, including when faced with widely
varying weather conditions, using both GPS
tracking and accelerometers to measure bouts
of wheeling mobility. Quantitative and
qualitative methods were used to attempt to
identify which factors, if any, were associated
with differing wheelchair use during different



weather conditions. The purpose of this paper is
to provide a detailed overview of the methods
used in this study, and to provide aggregate
descriptive data from the 11 participants.

METHODS

The study was approved by the University
of Manitoba Health Research Ethics Board and
all participants signed informed consent.
Participants were recruited through
advertisements sent to organizations associated
with people who use wheelchairs in Winnipeg,
Manitoba. Inclusion criteria were individuals
who reported using their wheelchair for outdoor
use throughout the vyear; were willing to
engage in monthly interviews across one year;
and were willing to have GPS and
accelerometers attached to their wheelchair.
Along with other demographic data, we also
documented their transportation use, whether
via a privately owned vehicle or public
transportation (e.g., para-transit, a publically-
run system of accessible vehicles and drivers
that one books 1-2 days prior to use).

For each participant, a minimum of 12 sets
of data were collected, in 1 week blocks over
the span of 1-year. There were three main
methods of data collection. One, a GPS data
logging system (Super Trackstick, Telespatial
Systems Inc.) was installed on the participant’s
wheelchair. This measured outdoor travel,
including distance, number of trips,
destinations, frequency of use, and time spent
out of the home. A custom MATLAB (Mathworks
Inc., Natick, MA) program was developed to
calculate trips based on the ‘moving’ or
‘stopped’ labels as recorded by the GPS logger.
A stopped label was assigned if no signal was
acquired or if the no movement was detected
for longer than 2 minutes. Subsequent stops
within 100m of one another were assigned as
the same stop. The Great Circle Distance
method (Weisstein) was used to calculate the
distance between consecutive stopped points.

Two, daily wheelchair movement was
recorded using a 3-axis accelerometer (X16-
1D, Gulf Cost Data Concepts (GCDC)) mounted
on the spokes of one wheel. The battery life
typically lasted for at least 7 days using
customized device configuration. The signal
processing procedure, using MATLAB, used an

algorithm originally developed and validated by
Sonenblum et al. (2012). Using the known
wheel diameter, the rotational speed was
converted to wheelchair velocity in meters per
second. Bouts of wheeled mobility were then
calculated using the distance, velocity, and time
of each wheelchair activity. A bout of mobility
was defined as any movement that (i) lasted at
least 5 seconds, (ii) had a speed greater than
or equal to 0.12 m/s, and (iii) ended when less
than 0.76 m were wheeled within 15 seconds.
Once the bouts of mobility were calculated, the
timestamps, duration, distance, and speed for
each bout were available for further analysis.

The third data collection method was the
use of a prompted recall interview (Harris et
al., 2010) to explore, in detail, the one week of
data collected each month. Monthly, the
research assistant met with each participant
and exported the data from the GPS data
logger into Google Earth. A map of the trip data
that occurred that week was shown to the
participant. Three GPS-recorded trips per
month were chosen, and participants were
asked detailed questions, which are fully
described elsewhere (Ripat et al., 2017), about
the experience of their trip. Interview data was
analyzed for common themes that related
experiences and strategies used to overcome
barriers to wheeled mobility.

Seven days of data were collected during
each “1 week” block each month. The number
of days collected for GPS and accelerometry
varied slightly depending on battery life of each
device. The first (i.e. installation) and last days
were not included in the analysis due to the
interactions between participants and
researchers which disrupted normal routines.

Each participant’s bouts and GPS data were
compiled and loaded into MATLAB for further
processing. The number, duration, distance,
and speed of movement were calculated,
separately grouped with means and medians
either  daily, minutely, or per bout.
Representative data from one participant is
shown in Fig. 1.

The GPS data was used to determine if
movements occurred outdoor or indoor, as
follows. Speed was categorized as either slow,
i.e. between 0.11 m/s to 5.56 m/s (20 km/h),
or fast, i.e. greater than 5.56 m/s. For



instance, if an accelerometer bout occurred
within the time duration of a GPS bout and if
the speed was slow, a bout was considered as
outdoor. Other possibilities are shown in Fig. 2.,
and enabled the calculation of which bouts of
mobility occurred indoor or outdoor. The
outdoor, indoor, and undefined bouts were
normalized to number of collection days per
block, and the outdoor to indoor ratios were
calculated.

e
ol
1| |

Figure 1: Three representative days of data
collection from one person. GPS trips are shown
in purple. Bouts of mobility are red. Blue lines
are proportional to distance wheeled per
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Figure 2: Representation of method to

determine indoor and outdoor bouts of mobility.

To compare seasonal winter conditions,
various data were grouped or correlated into ‘at
or above 0°C’ and ‘below 0°C’. Daily weather
data from 2012 to 2014 in Winnipeg, Manitoba,
was obtained from the Government of Canada

weather database (Historic climate data). In
Winnipeg, temperatures average below zero
degrees Celsius (32° F) from November to
March, with a yearly average snowfall of 111
cm (National climate data archive). A cubic
spline method was used to interpolate any
missing temperature data, and a seven-day
rolling average was applied to smooth daily
variations. Data were also grouped into four
nominal seasons for additional comparisons:
winter (Dec-February), spring (March-May),
summer (June-August), and fall (September-
November).

RESULTS

Eleven full-time wheelchair users were
recruited for the study. Four used power
wheelchairs, and seven used manual
wheelchairs. Two of the participants were
dependent on a caregiver for help with their
mobility needs.

All 11 participants were studied over a full
12 months. 1,105 total number of days of data
were collected. Data collection included days
with severe winter weather conditions, i.e. 232
days had a temperature below 0°C, and 235
days had snow on the ground.

Over the entire year, 2,855 total trips and
35,355 total bouts of mobility were recorded.
Considering a typical full day of mobility,
participants wheeled a median of 57 bouts per
day, for a distance of 1.1 km and total duration
of 44 min. A preliminary analysis of GPS
tracking was conducted by grouping the mean
number of GPS trips per day, taken each
season, into four nominal seasons: winter,
spring, summer, and fall. The group means
across all participants were then calculated
(Table 1). Further comparative analysis of this
data set is forthcoming.

Table 1. Mean number of GPS trips per day
in each season, collected for all participants.

Season |Dec-Feb |Mar-May |Jun-Aug |Sep-Nov

Mean 2.33 2.31 3.14 2.21

(SD) (1.55) (1.52) (1.87) |[(1.45)
DISCUSSION

With this investigation, we have attempted
to develop a holistic picture of a person’s home



and community participation and mobility
experience when using a wheelchair over the
span of an entire year. To our knowledge, this
is the first longitudinal data logging study of
wheelchair users across a full year. The
collected days of data include substantial winter
weather conditions that are known to impact
wheeled mobility and participation (Hammel et
al., 2008; Juvani et al., 2005; Lindsay & Yantzi,
2014; Ripat & Colatruglio, 2016; Ripat et al.,
2017; Skinner et al., 2009). Conducting long-
term studies across varying conditions, e.g.,
fluctuations in temperature and precipitation
that may create differences in community
participation, are important to a full
understanding of the barriers experienced by
individuals who use wheeled mobility devices.

We have also attempted to address
limitations in other studies where data
collection has been through one means only
(e.g., GPS), studies which have been short in
duration, or when the effects of weather have
not been considered, to gain a comprehensive
understanding of influences on mobility and
community participation.

In conclusion, we presented the
methodology used to successfully record data
from 11 participants over an entire year-long
period, including periods with a significant
number of days with inclement winter weather.
Further analyses of this unique data set are
forthcoming, including data collected using both
quantitative and qualitative methods, to
describe the participation and mobility patterns
of wheelchair users across the seasons. In the
future analysis, we will also attempt to
ascertain which factors, if any, were strongly
associated with greater or lesser community
participation and wheelchair mobility indoor.
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