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ABSTRACT

ARTICLE HISTORY

The purpose of the study was to evaluate the device subscale of the QUEST 2.0 instrument and provide
evidence for the validity and reliability of the Greek version. To this end, a cross-cultural adaptation was
performed. Field test studies were conducted to validate the appropriateness of the final outcome. Data
were drawn from a study of 115 subjects who had been administered the GR-QUEST questionnaire.
Ratings related to the different items were statistically analyzed. The exploratory factor analysis with
varimax rotation conducted revealed a three factors structure of the device subscale in contrast with
previous studies. Our “Safe Use” subscale contains the items adjustments, safety and effectiveness of the
original instrument, the “Fit to Use” subscale contains the dimensions, weight and ease of use items, and
the “Endurance” subscale contains the items durability and comfort of the original questionnaire.
Reliability measures (ICC=0.949, Pearson´s correlation=0.903, Cronbach´s α=0.754) yielded high values.
Test-retest outcome showed great stability. Based on the results, the GR-QUEST can be considered as a
valid and reliable instrument and thus it can be used to measure the satisfaction of patients with
assistive devices, while it is applicable to the Greek population. Further assessment of the services
subscale is needed.
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Introduction
Patient satisfaction is considered crucial in any aspect of
healthcare services. Its importance has been widely studied
and reported (Avis, Bond, & Arthur, 1997; Cordeiro, Dixon,
Coburn, & Holloway, 2015; Graham, Green, James, Katz, &
Swiontkowski, 2015; Gu & Itoh, 2014; Huerta, Harle, Ford,
Diana, & Menachemi, 2016; Krol et al., 2015; Locker & Dunt,
1978; Williams, Coyle, & Healy, 1998). The monitoring of
satisfaction data can be proved valuable in any effort related
to the redesigning of the existing infrastructures and services,
planning of new healthcare services, designing new strategies
and policies, etc. The several actors involved (physicians,
managers, etc.) can benefit by the analysis of these data and
improve significantly the loyalty of their “customers” by making the appropriate corrections according to the feedback
gained. The same situation appears even when a health “consumer” is using any kind of assistive devices (i.e., wheelchair,
assistive robot, hearing assistive technology, health application, etc.). The level of satisfaction when using an assistive
device is of great importance for choosing the right one at the
beginning. This drives to a more reliable use of the device and
better rehabilitation progress without abandoning the device
at an early stage, which would thus delay the treatment
process (Samuelsson & Wressle, 2008; Simon & Patrick,
1997; Zastowny, Roghmann, & Cafferata, 1989). Taking into
account the perspective of the patient is therefore crucial to
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achieve a better compliance with the treatment regimen
(deRuyter, 1997; Galvin, 1995).
One of the most well-known and widely used instruments to
measure users’ satisfaction in the rehabilitation field is the
Quebec User Evaluation of Satisfaction with Assistive
Technology, version 2.0 (QUEST 2.0) (Demers, WeissLambrou, & Ska, 2000b). QUEST is an instrument specifically
designed to measure satisfaction with a broad range of assistive
technology devices in a structured and standardized way.
Although its experimental version consisted of 24 items, an
item analysis subsequently resulted in a reduced 12-item scale:
the QUEST 2.0. These 12 items relate to device characteristics
(n = 8) and assistive technology services (n = 4) (Demers,
Monette, Lapierre, Arnold, & Wolfson, 2002). The eight device
characteristics items assess the user’s degree of satisfaction with
device properties and the remaining four items are related to
assistive technology services. The QUEST 2.0 is one of the most
popular standardized instruments designed to measure user
satisfaction with a broad range of assistive technology devices
(Holz, Höhne, Staiger-Sälzer, Tangermann, & Küblera, 2013;
Jardón, Gil, DelaPeña, Monje, & Balaguer, 2011).
The measurement properties of the QUEST 2.0 have been
investigated with respect to reliability, test–retest stability,
alternate form reliability, construct validity, and applicability
(Demers et al., 2002) by its developers. Also, the QUEST 2.0
has been used in many studies in order to evaluate perceived
Department of Informatics, Technological Educational Institute of Athens, Ag.
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satisfaction among users of different assistive devices (Hill,
Goldstein, Gartner, & Brooks, 2008; Holz et al., 2013; Jardón
et al., 2011; Kirby, MacDonald, Smith, MacLeod, & Webber,
2008; Laffont et al., 2008; Samuelsson & Wressle, 2008).
QUEST 2.0 was originally developed in English and French
and then translated and validated in several languages (i.e.,
Norwegian, German, Japanese, Arabic, etc.). The purpose of
this study was to investigate the validity and reliability of the
QUEST 2.0 in Greek reality (GR-QUEST 2.0).

Methodology
For the purposes of the study we followed a two-stage methodology: at the first stage we translated the English questionnaire QUEST 2.0 into Greek, and at the second stage we tested
the reliability and validity of the Greek version of QUEST 2.0
(GR-QUEST).
First stage: Translation phase
The translation phase and the cultural adaptation of the
questionnaire is of high importance. We studied the several
methodologies and concepts proposed in the bibliography
(Beaton, Bombardier, Guillemin, & Ferraz, 2000, 2002;
Guillemin, Bombardier, & Beaton, 1993; Vallerand, 1989)
and concluded in a three-step process. At the first step, a
bilingual team of a professional translator, a biomedical engineer, an occupational therapist, and a physical therapist translated the original instrument into Greek. In parallel, another
translator with no medical background and a native English
speaker produced a second version of the GR-QUEST. The
two versions were back-translated into English by a professional translator with no medical background and with no
access to the original instrument. At the second step, the four
questionnaires and the original one were then forwarded to a
team of six experts and researchers in the field (four engineers, one physiatrist, and one occupational therapist), in
order to consent in the pre-final GR-QUEST. This preliminary version, during the third step, was pre-tested while administered by a physical therapist to 10 participants. These
subjects were then interviewed in order to assure the clarity
and the appropriateness of the Greek version.
Second stage: Field testing
Subjects recruitment and data collection procedures
A sample of 115 individuals was included in the evaluation
of the GR-QUEST 2.0. The study initiated at the beginning
of July 2014 and lasted until January 2015. The subjects
were of both sexes, aged from 16 to 93 and users of
mobility assistive devices (i.e., canes, walkers, manual or
electric wheelchair, rollator with brakes or not, scooter,
Table 1. Subjects’ exclusion criteria.
Variables
Age
MMSE score
Time of use of the assistive device

Exclusion criteria
<16
<18
<1 month
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orthosis, etc.) for at least 1 month. According to the inclusion criteria selected, all of them scored above 17 in the
Mini Mental State Examination (MMSE) (Folstein, Folstein,
& McHugh, 1975). In parallel, the subjects’ demographic
data were recorded, along with their scores in the performed examinations and scores (MMSE and Functional
Independence Measure [FIM]) and their individual characteristics (assistive technology used, frequency of use,
pathology, etc.). The study was conducted by experienced
physical therapists in a Greek private rehabilitation center.
The participants were selected in order to meet the inclusion criteria (MMSE > 17, using an assistive device for at
least 1 month, and being older than 15 years). A very
careful pre-selection phase lasted for a month. During this
period, a physiatrist and a physical therapist were studying
the patient records of both the inpatients and the outpatients of the hospital in order to prequalify the ones that
could meet the desired criteria and communicate with them
in a later step. Upon agreement, the subjects were administered the translated scale in two time intervals. The second
assessment session was conducted a week after the first
interval. For this to be achieved there was a very careful
monitoring and processing of the patients in order to both
meet the inclusion criteria, and be able to participate in the
second interval without a problem as well. To this end, our
staff had to manage and organize accordingly the therapies
of the subjects in order to be sure that they will be available
upon request. All 115 participants completed both administrations. The study was approved by the Bioethics and
Deontology Committee of the Technological Educational
Institute of Athens. Table 1 summarizes the subjects’ exclusion criteria.
Statistical analysis
The assumption of normal distribution of the collected data
was tested using the Kolmogorov–Smirnov test. Item analysis
was carried out and exploratory factor analysis (EFA) with
Varimax rotation was carried out to investigate the factor
structure of the GR-QUEST.
The GR-QUEST 2.0 was measured in order to investigate
its reliability and validity. The reliability was evaluated by
assessing the instrument’s internal consistency, test–retest
reliability, and repeatability. The internal consistency was
assessed with Cronbach’s alpha coefficient using the data
obtained from the initial assessment. A threshold value of
0.70 was chosen, which indicates sufficient reliability for
research purposes. The Cronbach’s α “if item deleted” was
used as an additional evaluation test. Test–retest reliability
was evaluated using the intra-class correlation coefficient
(ICC) with 95% confidence interval (CI). The ICC, which is
the most suitable statistical test for the assessment of reliability, ranges from 0 to 1, with 1 indicating perfect reliability.
The Cronbach’s α and ICC correlations were characterized as
follows: 0.00–0.25 = little, if any, correlation; 0.26–0.49 = low;
0.50–0.69 = moderate; 0.70–0.89 = high; and 0.90–1.00 = excellent. The repeatability is determined by calculating Pearson’s
product moment correlation coefficient (Pearson’s r) between
the initial and re-assessment total scores of questionnaire. The
Pearson correlation coefficient values were specified as

Mean

No education
Primary (is divided into kindergarten lasting 1 or 2 years, and primary school lasting 6 years, where children are admitted at the age of 6)
Secondary (children are admitted at the age of 12 and lasts 6 years; high school level)
Tertiary (university level)

Cane
Walker
Rollator
Scooter
Wheelchair
Orthosis
Prostheses
Hearing aid device

Men
Women

62.45
104.74
25.41
Option

20.00
20.87
1.74
6.09
1.74
3.48
5.22
5.22
5.22
5.22
1.74
4.35
19.13
9.50
13.90
15.70
60.90

11
16
18
70

13.9
29.6
45.2
11.3

32.17
26.96
1.74
2.61
24.35
9.57
0.87
1.74

44.35
55.65

N
115
115
115
%

23
24
2
7
2
4
6
6
6
6
2
5
22

16
34
52
13

37
31
2
3
28
11
1
2

51
64

SD
19.29
65.06
4.01
N

Note. *Others include patients from the following categories: Reye syndrome, cerebral palsy, gait disorder, parencephalitis, meningitis, obesity, muscular dystrophy, lung cancer-lower limbs weakness, cancer of central nervous
system, lumbar spine fusion, lower limbs fracture, multiple system atrophy, osteoporosis, burn, cervical spine syndrome, meningioma, knee fracture, and bone edema.

Stroke
Hip fracture
Guillain Barre
Total knee replacement
Femoral fracture
Myopathy
Traumatic brain injury
Multiple Sclerosis
Motor neuron diseases
Ageing
Anterior cruciate ligament rupture
Quadriplegia
Others*
Frequency of using the assistive device:
Not often
Normal
Often
Very often

Diagnosis:

Education level:

Type of assistive device used:

Sex:

Variables
Age
FIM score
MMSE score

Table 2. Characteristics of the participants.
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follows: 0.00–0.19 = very weak correlation; 0.20–0.39 = weak
correlation; 0.40–0.69 = moderate correlation; 0.70–
0.89 = strong correlation; and 0.90–1.00 = very strong
correlation.
There are various types of validity, such as construct validity, criterion-related validity, and content validity. The construct validity refers to the degree to which an instrument
measures the construct under investigation. The item-total
correlations within each QUEST 2.0 subscale were compared
in order to test whether all items of each subscale were related
to the same construct. Acceptable construct validity should be
indicated by high or excellent (0.70 to 1.00) item inter-correlations for all item pairings. The discriminant validity (one of
the two types of construct validity) tests whether concepts or
measurements that are supposed to be unrelated are, in fact,
unrelated. A successful evaluation of discriminant validity
shows that a test of a concept is not highly correlated with
other tests designed to measure theoretically different concepts. Although there is no standard value for discriminant
validity, a result greater than 0.85, however, tells us that the
two constructs overlap greatly and they are likely measuring
the same thing. In our study, we performed discriminant
validity test between the different subscales of the QUEST
2.0. For the purposes of the study we used the Statistical
Package for the Social Sciences (IBM SPSS version 19).

Results
The characteristics of the participants are presented in
Table 2. The mean age of the patients was 62.45 years (SD
19.29), and 55.7% (64/115) were women. The mean FIM and
MMSE scores were 104.74 (SD 65.06) and 25.41 (SD 4.01),
respectively. An average time to complete the questionnaire
was around 10 minutes. A range of assistive technologies was
evaluated, such as cane, walker, rollator with brakes, scooter,
wheelchair, orthosis, and hearing aid device (Table 2).
Translation and cultural adaptation process
There were no major difficulties during the translation phase
of the original instrument. However, because of differences in
Greek and English wording, the terms “safe” and “secure” of
item 4 of the original version cannot be distinguished in
Greek. After discussion among the panel members, the two
terms were translated in the target language into one single
term “ασφαλής”.

Table 3. EFA of the GR-QUEST 2.0.
Item
1. Dimension
2. Weight
3. Adjustment
4. Safety
5. Durability
6. Easy to use
7. Comfort
8. Effectiveness

Factor 1: Endurance Factor 2: Fit to Use Factor 3: Safe Use
0.821
0.843
0.415
0.659
0.533
0.722

0.449
0.836
0.470
0.846

155

Table 4. Item analysis of the GR-QUEST.

Item 1
(dimensions)
Item 2 (weight)
Item 3
(adjustments)
Item 4 (safety)
Item 5 (durability)
Item 6 (Ease of
use)
Item 7 (comfort)
Item 8
(effectiveness)

Mean (SD)
4.80 (0.232)

Cronbach’s α if item
deleted
0.694

ICC for each
item
0.892

4.92 (0.108)
4.71 (0.452)

0.728
0.696

0.644
0.887

4.66 (0.542)
4.90 (0.164)
4.72 (0.659)

0.685
0.730
0.754

0.971
0.902
0.918

4.65 (0.562)
4.79 (0.289)

0.673
0.674

0.959
0.854

Table 5. Measures of reliability of the GR-QUEST.
Characteristics
Internal consistency
Repeatability
Test–retest reliability at initial
assessment
Test–retest reliability at
reassessment

Measure/test
Cronbach’s α
Pearson’s r
ICC (95% CI)

Value
0.754
0.903
0.949

Paired-samples
t-test

Significance
(p-value)
0.000
0.000
0.000
0.162

Exploratory factor analysis
According to the results from the exploratory factor analysis
(EFA) with Varimax rotation performed (Table 3), the GRQUEST 2.0 instrument presents a three-factor model. The
resulting three factors satisfy the rule that meaningful factors
should be associated with eigenvalues greater than 1.0. Also,
according to the screen plot test (not shown) three factors were
extracted. Criteria used to select factors included eigenvalue >1
and factor loading >0.30. The three factors extracted explained
59.686% of the total variance with eigenvalues 2.195, 1.528, and
1.052, respectively. The “Safe Use” factor explaining 27.440% of
the variance, and the Fit to Use and “Endurance” factors
explained the 19.095% and 13.151%, respectively. Factor loadings, which are the correlation coefficients between the items
and the factor, ranged from 0.415 to 0.722 for the first factor,
from 0.470 to 0.843 for the second, and from 0.449 to 0.846 for
the third (Table 3). Item 3 was almost equivalent loaded to the
factors one and three, but since it was slightly more loaded to the
third one it was proposed to belong to the Safe Use domain. The

Table 6. Construct validity of the GR-QUEST (item-total score correlations).

Factor1 subscale item,
Safe Use
Item 3 (Adjustments)
Item 4 (Safety)
Item 8 (Effectiveness)
Factor2 subscale item,
Fit to Use
Item 1 (Dimensions)
Item 2 (Weight)
Item 6 (Ease of use)
Factor3 subscale item,
Endurance
Item 5 (Durability)
Item 7 (Comfort)

Pearson’s
r

Frequency of being selected as an
importance item

0.691
0.794
0.769

19
96
34

0.708
0.615
0.829

23
26
74

0.635
0.909

21
51
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Table 7. Discriminant validity of the GR-QUEST (Pearson’s r between subscales).

Subscale Safe Use
Subscale Fit to
Use
Subscale
Endurance

Subscale Safe
Use
1
0.146

Subscale Fit to
Use
0.146
1

Subscale
Endurance
0.317
0.239

0.317

0.239

1

item 6, even if it is slightly more loaded to the third factor, was
decided to be included to the Fit to Use domain.
Reliability
According to the analysis conducted, the overall Cronbach’s α
was 0.754 (ranging from 0.685 to 0.754 with individual items
deleted), indicating sufficient consistency (Table 4). The various reliability measures are summarized in Table 5. The ICC
(=0.949) was excellent, indicating that the GR-QUEST total
scores were highly consistent between the two occasions (initial
assessment and reassessment), whereas the ICC for each item
(ranging from 0.644 to 0.971) were also highly consistent
between the two occasions and are presented in Table 4. The
paired-samples t-test between the initial assessment and the
reassessment indicated no statistically significant systematic
bias. The Pearson correlation coefficient was 0.903, thereby
indicating stability of participants’ responses over time.
Validity
Examination of item construct validity showed that all item
intercorrelations for all item pairings were strong or excellent.
Pearson’s r ranged from 0.691 to 0.794 for the first subscale
Safe Use, from 0.615 to 0.829 for the second Fit to Use, and
from 0.635 to 0.909 for the third subscale Endurance. This
would provide evidence that all subscales’ items are related to
the same construct (Table 6).
Examination of discriminant validity is presented in
Table 7. Since 0.146 and 0.317 is less than 0.85, we can
conclude that discriminant validity exists between the subscale measuring Safe Use and the subscales measuring Fit to
Use and Endurance, respectively. Also, 0.239 is less than 0.85.
Thus, we can also conclude that discriminant validity exists
between the subscale measuring Fit to Use and the subscale
measuring Endurance. The three subscales measure theoretically different constructs.

Discussion
The objectives of this study were to evaluate the validity,
reliability, and applicability of the QUEST 2.0 instrument in
the Greek population. The target population was composed of
heterogeneous groups. The population participated in the
study can assure the usage of the instrument in patients
with different diseases, ages, and disabilities using various
assistive devices. This can be considered as an asset in our
study in order to generalize the outcomes. The subjects of our
study were chosen carefully in order to be able to fill the
instrument by their own or with the help of a therapist.

Thus, the interview-based format was marginally used. All
subjects were scored with 17 or higher in the MMSE scale,
indicating that all of them had not a cognitive impairment.
The cross-cultural adaptation of the questionnaire was very
demanding. There may be cases were a word in English may
have an equivalent in Greek, but the two words can cover
different areas of meaning that may overlap but not be synonymous. The effect of context, in interpreting the meaning of
these words, may also differ from one language to other
(Leplege, Ecosse, Verdier, & Perneger, 1998).
According to the results of the study, the GR-QUEST 2.0 is a
valid tool of assessment of satisfaction with assistive technology.
However, some questions should be raised regarding the structural validity of the QUEST 2.0. The major concern refers to the
service section. In our investigation, the participants did not
complete this section (items 9 to 12) of the original QUEST 2.0
instrument, and thus our analysis limited to the rest items
(device domain). To this end, the first eight items were finally
evaluated since we did not collect enough data from the participants in regard to the service domain of the original instrument.
This will be a future study in order to evaluate and the second
domain of the prototype instrument in Greek reality. For this to
be achieved we will recruit more patients using wheelchairs,
scooters, and other assistive devices that may need service. The
neglectfulness of answering that part of the original questionnaire can be justified by the fact that most of the end-users were
using “simple” assistive technologies like canes, walkers, and
rollators, and no significant services (i.e., after sales support,
repair, maintenance, further information, etc.) are required.
Moreover, it is important to notice that the patients (both outpatients and inpatients as well) of our rehabilitation center
obtain their assistive device through us. This means, that all
the procedures for choosing and final buying any assistive device
are a sole responsibility of the therapists of our center, according
to the individual needs of each patient. Thus, the patients do not
have any direct communication with the company that sells
these devices. Any information regarding the usability, customization, specifications, training, service needs, etc., is therefore
passed to our personnel, since our specialized therapists bought
the assistive device and are responsible for it. However, this is
not the only study that faced the problem of collecting answers
relevant to the service domain (Brandt, 2005; Demers et al.,
2002). As a conclusion, we also support the outcome that
QUEST 2.0, even if it is intended for even simpler devices (e.g.,
canes, etc.), may be questioned whether it is applicable for
evaluation of all devices as stated in the manual (Demers et al.,
2000b). This needs to be studied further.
Another significant issue that arose refers to the number of
factors extracted. More specifically, the factor analysis conducted in our study even confirmed the multidimensionality
of the instrument, it presents a three-factors structure unlike
other studies where a two-factors model appeared (Chan &
Chan, 2006; de Carvalho, Gois Júnior, & Sá, 2014; Demers,
Weiss-Lambrou, & Ska, 2000a; Demers, Wessels, WeissLambrou, Ska, & de Witte, 2001; Mao et al., 2010).
According to the results presented, items 3, 4, and 8 constitute
the Safe Use subscale; items 1, 2, and 6 represent the Fit to
Use subscale; and items 5 and 7 represent Endurance. This
difference could be justified by the fact that we performed
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factor analysis only in the first eight items of the scale instead
of all the other studies that performed EFA in all 15 items
(Brandt, 2005; Chan & Chan, 2006; de Carvalho et al., 2014;
Demers et al., 2000a, 2000b, 2001, 2002, Mao et al., 2010).
This may explain the presence of our factors, or it may be a
peculiarity of the Greek population. To our knowledge this is
the first EFA challenging the two-factor model. This is also
the first Greek version of the QUEST 2.0 questionnaire.
The results of statistical analysis support the validity and
reliability of the scale because all the items were related to the
total score and Cronbach’s α and ICC values were excellent,
thus indicating that the responses of our sample were internally consistent and stable across time.
In our study, the safety and ease of use were rated highest by
the end-users in terms of satisfaction. This reveals the subjective opinions of the Greek population in relation to what is
considered important in an assistive device. These results are in
line with the findings of other studies (Chan & Chan, 2006; de
Carvalho et al., 2014). As far as the cross-cultural adaptation is
concerned, we did not encounter any major difficulty. Only
item 4 of the original version had to be adjusted due to the fact
that the distinctions between the original terms (“safe” and
“secure”) are lost in Greek. Other studies were faced with
different problems. More specifically, the translation of
QUEST 2.0 into Arabic altered the syntax of item 7 (Bakhsh
et al., 2014). In another study (Chan & Chan, 2006), while
working on the Chinese version of the instrument, items 6 and
11 bore the least satisfactory rating from the raters in terms of
translation equivalent. Mao et al. (2010) added a new item
related to the cost of the assistive device for the Taiwanese
culture. Another effort (de Carvalho et al., 2014), mentioned
the need for potential cross-cultural adaptation in order to
assure QUEST’s applicability in different culture conditions in
Brazil. However, this is not the case in Greece.
The current study confirms the applicability of the instrument in the Greek population, as well as its potential to be
adapted in different cultures and languages. Our intention is to
study further the GR-QUEST 2.0 in a bigger audience and for
longer time interval in order to ensure its capability in a longitudinal evaluation. According to the results, the produced GRQUEST 2.0 (the first eight items) can be used to measure the
satisfaction of the end users with assistive technology, particularly with almost any kind of mobility aid devices.

Conclusion
The study showed that the device subscale of the GR-QUEST
2.0 is a valid and reliable tool and it can therefore be used to
measure the satisfaction of people using assistive devices.
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