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Abstract

Purpose: To estimate the interrater and intrarater reliability of the Wheelchair Skills Test
Version 4.2 for powered wheelchairs operated by adult users.

Materials and Methods: Cohort study with a convenience sample of occupational therapists (n
= 10). For the main outcome measure, participants viewed and scored eight videos of adult
power wheelchair users completing the 30 skills of the Wheelchair Skills Test Version 4.2 on
two occasions, a minimum of two weeks apart. Using these scores, we calculated intraclass
correlation coefficients to estimate interrater and intrarater reliability.

Results: The interrater reliability intraclass correlation coefficient was 0.940 (95%C10.862-
.985). Intrarater reliability intraclass correlation coefficients ranged from 0.923-0.998.
Conclusions: The Wheelchair Skills Test Version 4.2 has excellent interrater and intrarater
reliability and is a reliable tool for use in clinical and research practice to evaluate a power

wheelchair user’s skill capacity.

Key Words: Outcome assessment (healthcare); Rehabilitation, Reproducibility of Results,
Wheelchairs, Clinician
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Introduction

Power wheelchairs provide opportunities for increased independence for individuals with
mobility disabilities, as well as improved quality of life, well-being, and self-esteem by
facilitating participation in meaningful activities.[1-4] In the United States, there are over 3.6
million non-institutionalized users of wheelchairs.[5] In Canada, there were approximately
197,560 manual and 42,360 power wheelchair users living in the community in 2012.[6] The use
of power wheelchairs is expected to continue to increase due to the aging population, growing
incidence of disability, and evidence supporting the benefits of power mobility devices.[3,7]

Despite the benefits of power wheelchairs and their increasing use, barriers such as the
natural environment and transportation can limit participation in desired occupations and
community integration.[1,3,8] Commonly identified barriers to participation include narrow
aisles, uneven ground, and tight spaces that require the wheelchair user to maneuver
backwards.[3,9] There are also concerns from the wheelchair users themselves, as well as from
friends, family, and health professionals, regarding the power wheelchair user’s safety and risk
for accidents.[2,3,10]

There is a role for rehabilitation therapists to provide assessment and training of
wheelchair skills to help power wheelchair users overcome these challenges. Wheelchair skills
assessments are used in practice to help identify areas of difficulty, guide clinical intervention,
and as outcome measures to monitor a client’s progress in skills training.[11-13] Training can be
provided for these skills to increase confidence and remove barriers. Wheelchair training
programs have been shown in studies with powered wheelchair users to improve wheelchair

skills and confidence.[14,15]
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There are limited outcome measures available to assess power wheelchair skills. For
those which do exist, there is a need for further evaluation of the measurement properties of
these tools.[16-19] The Wheelchair Skills Test (WST) is an objective standardized assessment
and is available free online.[[20]] There are different versions and iterations of the WST
including those for manual wheelchairs (WST-M) or power wheelchairs (WST-P) either
operated by the user or a caregiver, as well as a self-report questionnaire version. Version 4.2 of
the WST-P (WST-P 4.2) has 30 wheelchair skills and is scored on a 3-point scale (0-2) to reflect
the wheelchair user’s capacity to complete each skill

Although used in recent research,[14,15] there are no published measurement properties
for any of the WST-P versions except the Wheelchair Skills Test Questionnaire (WST-Q 4.1)
(for powered wheelchairs), which found support for reliability, validity, and
responsiveness.[19,21] Although the guestionnaire version has excellent measurement
properties, the objective version is often used in clinical and research practice to assess baseline
and post-intervention skill development. Establishing the reliability of this measure will
strengthen the rationale for its use in research, as well as its use as a clinical measure in practice.
Our objective is to estimate the interrater and intrarater reliability of the WST-P 4.2 for adult

power wheelchair users operating their own chairs.

Materials and methods
Participants
We used a convenience sample of 10 raters. Raters were adult, English speaking

occupational therapists with clinical and/or research experience working with people who use



45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

power wheelchairs. Informed consent was obtained from each participant. This study was
approved by the Behavioural Research Ethics Board of [XXX].
Wheelchair Skills Test for Powered Wheelchair Users Version 4.2
The Wheelchair Skills Test for Powered Wheelchair Users is an objective measure of wheelchair
skill capacity for 30 powered wheelchair driving skills. Capacity is defined as what the
wheelchair user can do and is not reflective of whether or not the individual does do it on a
regular basis (performance).[20] The assignment of scores for capacity is according to published
criteria based on the raters’ judgement of how well and safely each skill is performed. If an
individual completes a skill “independently and safely ... without any difficulty”, they are given
a score of 2. If they are unable to complete the skill within the defined parameters, or decline to
attempt, they are given a score of 0. A score of 1 is given if the tester feels there was “difficulty
worthy of note” completing the skill (e.g. requiring additional time), or if the individual was
unsafe while completing the skill (but did not require trainer intervention). If the skill is not
possible (e.g. the wheelchair does not have the part required to complete the skill), the tester
provides a score of Not Possible (NP). The notation of Tester Error (TE) is used if there was an
error in conducting the test for that specific skill. The total score for the test is derived by adding
the scores for all skills, dividing by the total possible score ((30 items — n items scored TE or NP)
x2), and multiplying by 100 for a percentage score.
Videos

We used video recordings of test subjects performing the WST-P. We obtained eight
videos, four from the Wheelchair Skills Program website [22]and four from a previous research
study conducted by one of the investigators.[23] Consent to use the videos for research purposes

was obtained from the individuals in the videos. Administration of the WST-P in the videos was
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performed according to the WST-P 4.2 Manual by individuals independent to the raters and
authors. The videos featured test subjects who were adult power wheelchair users with a variety
of abilities ranging from full upper extremity use to high levels of upper extremity tone or
limited fine motor control. All test subjects featured in the videos used a standard or modified
joystick drive and were driving either a mid (5) or rear (3) wheel drive wheelchair. Test subjects
were encouraged to attempt each skill but had the right to decline any that they felt they were
unable to complete safely. While the WST-P takes approximately 30 minutes to administer, the
videos were edited with each skill titled and unnecessary footage removed (e.g. transitioning
between skills) to reduce participant burden removed. Each edited video was between 8 and 11
minutes in length.
Data collection

Raters were provided with a brief training period at the outset of the study. This training
consisted of a review of available materials, as well as specific training on scoring criteria for the
WST-P 4.2. This was reviewed at the start of each rating session. The WST-P 4.2 manual was
provided for reference to each rater. Each of the raters independently viewed the videos on
tablets that had videos pre-loaded in a randomized order to minimize potential order effect.
Raters were instructed to score the test subjects based on the WST-P 4.2 criteria and to record
their scores on the WST-P 4.2 scoring forms.[17] Raters were also given the option to write
comments for each skill. Participants were instructed to score a “0” for skills that were refused
and a “Testing Error (TE)” for skills that were not shown on the video or would require the rater
to make assumptions due to inadequate footage. Participants were also instructed to score a “Not
Possible (NP)” for any skill which required a part on the wheelchair which was not available

(e.g. presence of tilt/recline functions). Each rater viewed all eight videos on two separate
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occasions (R1, R2) a minimum of two weeks apart. Total percentage scores were calculated
following WST-P 4.2 scoring procedures.[17]
Data analysis

SPSS Statistics 24 [IBM] was used to conduct all statistical analysis. Means and standard
deviations were calculated for all quantitative demographic data. Interclass Correlation
Coefficients (ICCs) were calculated to estimate the reliability of the total percentage scores of
the WST-P 4.2. Standard Error of Measurement (SEM) and Smallest Real Difference (SRD)
were calculated for each of the ten raters to address responsiveness, with Bland Altman plots
constructed to identify potential areas of systematic bias in ratings[24,25]. Mean percent
agreement across all videos for each skill was also calculated. Interrater reliability (ICC [2,10])
was calculated by comparing all R1 total percentage scores from the 10 raters. Intrarater
reliability (ICC [2,1]) was calculated by comparing the R1 and R2 total percentage scores for
each rater individually. ICCs > .75 were interpreted as excellent, ICCs > .40 as good to moderate
and ICCs < .40 as poor reliability.[26,27] Percent agreement was calculated by dividing the
number of R1 scores in agreement by the total number of scores for each skill in each video.
Mean percent agreement (and standard deviation) was calculated by averaging the percent

agreement across all videos for each skill, as indicated in the equation below.

(P(a)skill y video 1) + (P(a)skill y video 2) + -+ (P(a)skill y video 8)
x

1
total # videos (n = 8) 00

mean % agreement for skill y =

P(a) = percent agreement

We established an a priori cut off of 90% for percent agreement, to ensure agreement was
not due to chance, as suggested by Neuendorf [28]
Results

Participant demographics
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Demographics for raters are summarized in table 1. Experience working with clients
using power wheelchairs and providing power mobility skills training varied among raters. There
was representation from both clinical and research practice, as well as a variety of practice areas.
Two raters had no previous training with the WST.

[Insert table 1 here]

Reliability

The ICC results for interrater and intrarater reliability are shown in table 2. The interrater
and intrarater ICC values were all in the excellent reliability range. The interrater ICC (2, 10)
was .940 (n=10, 95% confidence interval [CI], .862-.985). The intrarater ICCs (2, 1) for each
rater ranged from .923-.998. SEM ranged from 0.584 to 2.814 across ten raters, while SRD for
each rater ranged from 2.118 to 4.650. The Bland-Altman plots showed an even distribution of
T1-T2 score difference across the mean difference line, with only one outlier across ten raters
and eight test subjects (figure 1). Mean percent agreement and standard deviation for each skill is
shown in table 3. Nine skills had 100% agreement across all raters and all videos. Three skills
had percent agreement below 90%.

[Insert table 2 here]

[Insert table 3 here]

Discussion

This was the first study to estimate the reliability of the WST-P 4.2 and found both
excellent interrater and intrarater reliability, showing substantial agreement between and within
raters. Our results for intrarater reliability were similar to the findings reported for the WST-M

4.1 performance scores and WST-M 2.4.[29,30] Our interrater reliability results were higher than
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those reported for the WST-M 4.1 performance scores (ICC=.855) and slightly lower than those
reported for the WST-M 2.4 (ICC=.959).[29,30] Excellent interrater and intrarater reliability
suggests scores will remain relatively stable across raters, and within the same rater; therefore,
scores may be considered reliable in so far as they measure the construct consistently. This
means the measure is likely to provide consistent measurement for clinical or research purposes.

Differences in interrater reliability scores between the Wheelchair Skills Test for Manual
Wheelchair Users (WST-M) and the WST-P may be explained in part by sample size; however,
fundamental differences in the skills required for manual and powered wheelchair users also play
a role. With respect to individual wheelchair skills, there may be less subjectivity in the scoring
of the WST-P skills than for the WST-M, which could explain our higher interrater ICCs. For
example, many of the WST-P skills have obvious pass/fail distinctions (e.g. turning on and off
controller, swing away the controller, and navigating drive modes, etc.). Given that two of the
raters did not have previous experience with the WST-P, it is interesting to note that ICCs
remained high despite minimal training. This may be explained by the more obvious pass/fail
distinctions for many of the skills in the WST-P as compared to the WST-M. In addition, the
differences in the scoring criteria introduced between the WST-M 2.4 and the WST-P 4.2, with a
change from a 2-point scale to 3-point scale, and the combining of performance and safety scores
(now a single capacity score), may influence differences in the rater reliability.

All values for the Smallest Real Difference were below 5 points, which represents a
change in 1.5 skills on the WST-P to identify a difference across two administrations of the
measure. The range in SRD values may be influenced by the experience of the raters, however it
is interesting to note that these values were all low, demonstrating excellent responsiveness,

regardless of rater experience. The distribution of the Bland Altman plots show no systematic
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bias in ratings, although it is difficult to assess whether additional bias may be present at lower
scores, as all of the participants’ scores on the WST were high.

Differences in scoring of individual items may contribute to the variation found in the
scoring of the WST-P. Three of the items (maneuvers sideways, transfers to and from a bench,
and ascends a low curb) scored below 90% in mean percent agreement across raters and videos.
There are various potential sources of disagreement in scoring. Disagreement may result from
differences in the judgement of safety, as each rater applies their own clinical judgement to the
criteria. For example, it is relatively straightforward to assess whether a client has successfully
turned the wheelchair on and off, while assessing safety in completing a transfer between the
wheelchair and a level surface allows for subjective assessment by the rater. Clearer scoring
criteria may result in higher reliability as less interpretation is needed by the rater.

A strength of our study is our sample size of 10 raters, whereas the WST-M 4.1 had four
and the WST-M 2.4 had two for estimating interrater reliability.[29,30] Our sample exceeds the
amount determined from the WST-M 4.1 study, which identified a sample size of nine videos
and four raters was necessary to achieve a power of 0.80 with an o level of 0.05 and interrater
ICC values of 0.950 and 0.959.[30] Although we used a convenience sample, and the results may
not necessarily generalize to the entire population of potential raters, we captured heterogeneity
in raters’ experiences working with individuals who use power wheelchairs, providing power
wheelchair skills training, and practice areas. The video participants also had a variety of
abilities, impairments, and drive control systems.

The strong interrater and intrarater reliability supports the use of the WST-P 4.2 in
research and clinical practice. We have demonstrated that a group of occupational therapists with

a variety of experiences can provide consistent scores for the WST-P 4.2 between each other and

10
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within the same rater. It is important; however, that wheelchair skills testing be used to
contribute to an overall assessment and not solely relied upon to assess capability for wheelchair
driving. Although the WST-P 4.2 assesses specific skill capacity, understanding the context in
which a wheelchair user wants and needs to operate their chair in as well, as the activities they
want and need to participate in, is also important. Wheelchair skills testing can be used to help
identify potential environmental barriers as well as inform areas where training can be provided
to help reduce these barriers and increase a wheelchair user’s skill level and confidence.

Study limitations

There were limitations in our study, the most obvious being the use of videos rather than
live scoring. Three videos were missing a skill, and a few skills were difficult to view due to the
footage filming angles. This may have prevented raters from viewing the necessary
footage/information, including lines drawn on the floor which are used to gauge performance,
and the position of the caster wheels in relation to these lines and other obstacles which inform
accurate scoring. In regular use of the WST, test administration and scoring would likely be
completed live by the same individual. Future studies opting to use videos should ensure that the
footage allows all pertinent information to be seen.

With respect to intrarater reliability, the time of two weeks between R1 and R2 may not
have been enough to prevent raters from recalling their previous ratings. Although raters viewed
eight videos totalling 240 skills and approximately 2.5 hours each session, it is possible that
memory could be a factor supporting high intrarater ICCs. Future studies could use a longer time
period between R1 and R2. There is also an opportunity for future research to assess the test-
retest reliability and validity of the WST-P 4.2 to provide further support for use of this measure.

Additionally, the use of a volunteer sample of occupational therapist raters may not be

11
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representative of the entire population that would potentially use the WST-P 4.2. In particular,
two raters were novice users of the WST. This may have resulted in difficulties in scoring, which
were not mitigated by the training provided. However, our findings suggest that the measure

remains reliable regardless of the experience of the rater.

Conclusions

This was the first study to estimate the reliability of the WST-P 4.2. The WST-P 4.2 had
excellent interrater and intrarater reliability. There is support for the use of the WST-P 4.2 as a
reliable tool for use in evaluating an adult power wheelchair user’s skill capacity. Further study
of the test-retest reliability and validity of the WST-P 4.2 would be beneficial to establish the

measure’s reliability when used in pre and post-test comparison.
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Figure captions

figure 1. Bland-Altman plots comparing T1-T2 scores to T1&T2 mean score.
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