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The reliability of the Drivkraft Wheelchair Manoeuvre 
Test 

Michael B.G. Zonneveld 
 

Abstract 
Background and purpose: Manual wheelchair users have a potential risk for musculoskeletal overuse 
injuries. To prevent these overuse injuries wheelchair users need to be taught how to propel a 
wheelchair efficiently. To test how a person is manoeuvring the wheelchair the Drivkraft Wheelchair 
Manoeuvre Test (DWMT) was developed. The aim of this study is to determine the reliability 
components of the DWMT. 

Method: The inter- intra-rater and test-retest reliability were determined for the four tasks of the 
DWMT. Three raters scored the test for the inter- and intra-rater reliability and one rater scored both 
the test and the retest in a different group of participants. Intraclass correlation coefficients (ICC) and 
kappa values were calculated. 

Results: 30 participants were included for the inter- and intra-rater reliability and 18 were included for 
the test-retest reliability. The inter-rater reliability showed ICC values that were good to excellent and 
the kappa was found to be strong to almost perfect. The intra-rater reliability values are excellent for 
all raters. Test-retest reliability showed perfect kappa values and excellent ICC values. 

Conclusion: The DWMT has good to excellent inter- intra-rater and test-retest reliability when 
sufficient sample sizes are used. Further research can be conducted using the DWMT. 
 

Keywords: Motor skills; Psychometrics; Rehabilitation; Reliability;  Reproducibility of results; Wheelchairs; 

Introduction 
The wheelchair is one of the most common and important rehabilitation devices (1) used by individuals who 

have limited ability to walk (2). According to the most recent data, 1% of the Swedish population uses a 

wheelchair, equating to about 150.000 wheelchair users. Of these people, 67% uses a manual wheelchair (3).  

Manual wheelchairs are propelled with a pushrim, which has been found to be inefficient (4) and 

stressful to the musculoskeletal structures of the upper extremity (5, 6). The inefficiency can result in overuse 

injuries of the shoulder (7-11) and wrist (12-15). This is not only due to using the wheelchair all day, but also 

due to a range of barriers encountered by manual wheelchair users (16) and having the shoulder as the main 

weight-bearing joint (17). Trying to overcome these barriers, without having received training in how to do 

so, increases the potential for acute or long-term injuries (18-20). This in turn has been found to have a 

negative effect on the perceived quality of life of the manual wheelchair users (21). It is therefore necessary 

to instruct the manual wheelchair user and focus on teaching them appropriate skills (22-24). This training is 

usually done in a rehabilitation center by asking the participants to perform tasks in the wheelchair in 

situations reflecting their needs (25, 26).  

One of the methods to train the manual wheelchair user is provided at a wheelchair school in a Swedish 

rehabilitation center and is called Drivkraft (27). In The Wheelchair School, not only wheelchair skills are 

trained, but the wheelchair is also adapted to a participant’s physical measurements and capabilities, and 

participants also learn relevant theory about the wheelchair, such as the adjustments that can be made, 

cleaning, and maintenance. Over a period of five weeks participants will follow the training consisting of 

three lessons a week for a duration of three hours. The Drivkraft training is therefore a more intense training 

program than what is regularly encountered in rehabilitation programs (28). The training is given to 

heterogeneous groups with a maximum of five participants and with attention to individual goals.  
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The Wheelchair School is based on three main components with subcomponents. These components 

are: 1) wheelchair adjustments (posture, working position, and mechanics); 2) wheelchair training (basic 

skills, obstacles, movement patterns, and control of center of gravity); 3) patient education (wheeled 

mobility). Characteristic of this training is that it is taught by a physical education teacher who is also a peer 

mentor, who has been continuously adapting and improving the method since 1996. 

To be able to study if the wheelchair training component of The Wheelchair School has an effect it is 

important to be able to measure the wheelchair skills, by using a wheelchair skills test (29). An earlier review 

found that only three tests included the measurement of rear-wheel balance skills (29), while this is 

considered to be one of the most important skills to be taught in The Wheelchair School. The more recently 

developed and studied wheelchair skills tests, such as: the Wheelchair Skills Test 4.2 (30), Wheelchair Circuit 

Test (31), and the Queensland Evaluation of Wheelchair Skills (QEWS) (32), did include rear-wheel balancing 

assessments to evaluate wheelchair skills.  

These tests, although valid and reliable, are not suitable for The Wheelchair School for a few reasons. 

The Wheelchair Skills Test 4.2 (33) contains an extensive list of skills that have to be performed and takes 

approximately 30 minutes to complete. A strength of this test is that it keeps being updated and researched 

in different patient groups. The skills in this test include a range from the basics such as rolling the wheelchair 

forward to more advanced skills such as descending stairs. This test includes skills that are not being trained 

at The Wheelchair School and with a duration of 30 minutes takes too long to administer. The Wheelchair 

Circuit Test (31) has shown reliability and validity for participants with paraplegia and tetraplegia, however 

the test showed a ceiling effect for people with paraplegia. Because the Wheelchair Circuit Test was only 

tested on those with  para- and tetraplegia it does not match with the intended heterogeneity of The 

Wheelchair School. The test also takes more than 30 minutes and was therefore not the most suitable for 

using in The Wheelchair School.  

One of the more suitable tests for the purpose to evaluate The Wheelchair School is the QEWS. The 

developers of the QEWS were looking for a test that was easily applicable in a hospital setting (32), and 

encountered similar problems with the existing tests. The researchers had a Delphi panel compiling a priority 

list of wheelchair skills, which resulted in the items of the QEWS. Although the items used on the QEWS are 

similar to those that are being trained in The Wheelchair School, the scoring system is too broad by including 

assistance in performing the skills. The test also includes ascending and descending a kerb of 15.0 cm, which 

is 5.0 cm higher than the European Standard (34). The test does not differentiate between lower kerbs, which 

could also be encountered. The final item is a six minute push test, which adds up to the administration time 

and is considered to measure fitness (35). Last, ceiling effects might be present in the indoor circuit with a 

focus only on independent completion. Even though the QEWS had its limitations in the administration when 

compared to the needs for The Wheelchair School, it was used as a base upon which the Drivkraft Wheelchair 

Manoeuvre Test (DWMT) has been developed. The DWMT is a skills test with a focus on precision, 

manoeuvrability and rear wheel balancing, with an expected ceiling effect only for the manual wheelchair 

users with a high skill level. The scoring system used in the DWMT is more raw and representative of what 

has actually been achieved by a participant instead of an overall score. The rationale for this way of reporting 

is that it keeps the results easy to interpret and shows what a participant is capable of. Furthermore the 

DWMT has been developed in such a way that it is quick to perform and can be performed at multiple 

locations.  

Before the DWMT can be used to evaluate the training of The Wheelchair School the reliability needs to 

be determined. Because the DWMT consists of multiple components that are scored independently of each 

other the reliability will be determined for each component. The aim of this study is to determine the 

reliability of the DWMT components by answering the question: what are the inter- intra-rater and test-

retest reliability of the components of the DWMT?  
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Method 
Reliability study 
Multiple aspects of the reliability of the DWMT were determined, of which a schematic overview can be seen 

in Figure 1. First the inter-rater reliability together with the intra-rater reliability were determined. This was 

done by three raters who were all experienced with wheelchair skills and familiarized themselves with the 

DWMT before the study. To enable the same test to be scored on multiple occasions by multiple raters the 

DWMT was video recorded. The video recordings were removed of any unnecessary material, such as 

changing the set-up of the kerbs and the transitioning between different tasks. These edited videos were 

used to be scored by the raters. The raters were not allowed to replay the video, because that would have 

given them an advantage over the live rating done by Rater 1. The DWMT was scored in the same way during 

the live rating and the video ratings. The scoring criteria were thoroughly described in a protocol which can 

be found in appendix 1. It was aimed to have two weeks between the first and the second rating for the intra-

rater reliability.  

The second part was to determine the test-retest reliability for which it was of importance to select 

participants that would not improve anymore by having done the test multiple times (36). It was also 

important to let there be enough time between the two measurements to not have an adverse effect due to 

fatigue (37). Since the test was not expected to be exhausting for experienced wheelchair users a minimum 

of 2 hours between the test and the retest was considered sufficient, but always on the same day. The test-

retest reliability participants were scored by the same rater on both occasions.  

 
Figure 1: Schematic overview of measuring the inter-rater reliability and intra-rater reliability 

Participants 
Walter et al. (38) developed formula [1] to calculate the sample sizes for reliability studies. They did some of 

the more general calculations and published the results in tables. To derive the sample size (k) from these 

tables the following values were needed: the type I (α) and type II (β) errors, as well as the number of raters 

or ratings (n) and the intraclass correlation coefficient (ICC) of the null hypothesis (ρ0) and the alternative 

hypothesis (ρ1). 

     𝑘 = 1 +
2(𝑈𝛼+𝑈𝛽)2 𝑛

(𝑙𝑛 𝐶0)2(𝑛−1)
     [1] 

Bujang & Baharum advised to add an additional 20% to any sample size k to prepare for drop-outs of the 

study (39). This 20% was taken into account for the final sample size. 

Sample size for the inter- and intra-rater reliability: 

α = 0.05, β = 0.20, ρ0 = 0.70, ρ1 = 0.90 and n = 3, gives k = 12.8, add 20%: k = 15.  

Sample size for the test-retest reliability: 
α = 0.05, β = 0.20, ρ0 = 0.70, ρ1 = 0.90 and n = 2, gives k = 18.4, add 20%: k = 22. 
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Recruitment of participants was done continuously over a period of three months as the referrals for The 

Wheelchair School came in. Other participants were inpatients or staff of the rehabilitation centre. To be 

eligible for participating in the study the participant had to have a neurological disorder and use a manual 

wheelchair. They also had to speak Swedish or English as those were the languages the instructions of the 

DWMT could be given in. For the test-retest reliability an additional inclusion criteria applied: the participants 

had to be stable in their level of wheelchair skills.  

The DWMT 
The DWMT was administered at the intake or at the first lesson of The Wheelchair School. Participants 

performed the four tasks to their maximum capability. This was done in their own wheelchair and in case 

they did not have one a fitting wheelchair with factory settings was provided. The participants were shown 

by the rater on how to perform the task before attempting it themselves. Task 1 was the only task where the 

participants were given a trial run before the assessment. All tasks were scored separately and stand on their 

own. The following tasks were included in the DWMT; 

- Task 1: Fundamental manoeuvring - Precision  

This task is a slalom course, with both forward and backward manoeuvring. The participant was 

instructed to complete the course as fast as possible, without making mistakes, and stop at a specified 

location. The space between two cylinders is set at 89 cm which is the average width of a door in 

Sweden (40). The time it takes to complete the course is measured and the number of mistakes (e.g. 

wrong direction or hitting a cylinder) are counted. 

- Task 2: Fundamental manoeuvring – Slope of 1/10.3  

In this task a slope with a gradient of 1/10.3 has to be ascended and descended. When going down, a 

slalom is added to the slope and the participant is considered to be precise when no cylinders are hit 

and he/she stops at the specified location. The two parts are scored as a pass or no pass.  

- Task 3: Control of centre of gravity – Rear-wheel balancing, push and sliding/breaking 

This task consists of six components, all related to rear-wheel balancing and going up in difficulty. 

These components are: 1) rear wheel balance for 20 seconds; 2) turn 360 degrees in both directions; 

3) high and low balance position over 10 cm; 4) going down a slope in a straight line; 5) going down a 

slope with a slalom; 6) sliding for 2 meters on a flat surface. Anti-tippers were allowed on the 

wheelchair, but were checked for their height to make sure the components were possible. All 

components are scored as a pass or no pass which results in a total score between 0 and 6. However 

not all the components will be performed by a participant if he/she does not complete a previous 

component. If component 1 is scored a no pass, the rest of the task will not be assessed. If component 

4 is scored a no pass, component 5 and 6 will not be assessed. A more detailed description can be 

found in the protocol in appendix 1.  

- Task 4: Obstacle technique – Going up and down a kerb 

This task tests how high the participant can safely ascend and descend a kerb starting at 1.0 cm up to 

a maximum of 15.0 cm in predefined steps (2.5; 5.0; 7.5; 10.0; 12.5 cm respectively). For this reliability 

study every ascent and descent correctly performed adds to the total score, ranging from 0 to 14.  

While the test was administered by the instructor of The Wheelchair School, a second person was present 

making the video recording. In case the participant wanted to try a more difficult skill but did not feel safe a 

third person would ensure safety. The video recording was done according to a standardized protocol, which 

can be found in appendix 2. 

Data analysis 
The collected data was entered in SPSS v.23 and the reliability was determined by calculating the ICC together 

with the standard error of measurement (SEM). In Task 2 the kappa was calculated, since this was the only 

dichotomous data. The ICC was calculated by using the two-way mixed effects model in SPSS with absolute 

agreement, because the reliability was calculated for the values the different raters have given (41). To 
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calculate the SEM the variance components were computed by SPSS and these values were used in the 

formula of the SEM.  

For the inter-rater reliability the ICC and SEM or kappa were calculated for the comparison between 

Rater 1 and 2, Rater 1 and 3, and Rater 2 and 3. To give insight in which of the raters agree with each other 

and on which level. For the intra-rater reliability every rater was given a value for the ICC and SEM or a kappa 

based on the scores they have given. The test-retest reliability resulted in a value for the ICC, kappa and SEM 

for the two tests performed by the same participant. Interpretation of the ICC was according to the guidelines 

by Koo & Li (41). The kappa was interpreted according to McHugh (42). See Table 1 for the details on the 

interpretation.  

Table 1 interpretation of the reliability values 

ICC according to Koo & Li (41) Kappa according to McHugh (42) 

< 0.5 
0.5 – 0.74 
0.75 – 0.9 

> 0.9 

=     poor reliability 
=     moderate reliability 
=     good reliability 
=     excellent reliability 
 

< 0.20 
0.21 – 0.39 
0.40 – 0.59 
0.60 – 0.79 
0.80 – 0.90 

> 0.90 

=     None 
=     Minimal 
=     Weak 
=     Moderate 
=     Strong 
=     Almost perfect 

 ICC = intraclass correlation coefficient 

Results  
A total of 30 participants were included in the inter- and intra-rater reliability tests and 18 participants were 

included for the test-retest reliability test. The participants for the test-retest reliability had on average 130 

months more experience in using the wheelchair than the participants for the inter- and intra-rater reliability. 

The participants for the inter- and intra-rater reliability test were equally split in males and females and the 

test-retest reliability had more males than females. Five participants had just received their first wheelchair, 

these were all included in the inter- intra-rater reliability tests. An overview of the demographic data of the 

participants can be seen in Table 2. The test duration was found to be less than 15 minutes on average.  

Table 2 demographics 

 Inter-intra 
(N=30) 

Test-retest 
(N=18) 

Age (SD), years 53,6 (13,3) 49 (14,4) 

Sex 
   Male 
   Female 

 
15 
15 

 
13 
5 

Diagnosis 
   SCI 
   MS 
   CP 
   PPS 
   Other 

 
11 
7 
1 
2 
9 

 
11 
1 
2 
0 
4 

Time in a wheelchair (IQR), 
months 

32 (115) 162 (336) 

1st wheelchair 5 0 

SD = standard deviation; SCI = spinal cord injury; MS = multiple 
sclerosis; CP = cerebral palsy; PPS = post-polio syndrome; IQR = 
inter quartile range 

Reliability 
The ICC and kappa values for the inter-rater, intra-rater and test-retest reliability can be seen in Table 3, 4 

and 5 respectively. The inter-rater reliability ICC values were mostly excellent or in the good-excellent range, 

with the lowest values of the 95% confidence interval (CI) still reaching into the excellent range (0,779 – 

0,945). The SEM showed mostly a high score accuracy, with a difference never greater than ± 1. The SEM 

sometimes showed a lower accuracy on the mistakes made at Task 1 and the kerb height at Task 4. This was 

seen when comparing between the raters, but not across all comparisons. The accuracy is visualized in Figure 

2 A, B, E and F. The kappa values were found to be strong to almost perfect in Task 2. Figure 2 D shows that 
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there was one participant scored different between Rater 1 and Rater 2. This one participant difference 

resulted in a kappa of 0,839 (see Table 3) which is interpreted as strong. Figure 2 C shows no deviations 

between the raters which resulted in a perfect kappa (1,000). The figures for the comparisons between Rater 

1 and 3 and between Rater 2 and 3 can be found in Appendix 3. Going down with the slalom in Task 2 showed 

the largest discrepancy with three participants scored differently between Rater 2 and 3 and between Rater 

1 and 3. This resulted in a  moderate kappa value. The kappa between Rater 1 and 2 was higher and can be 

interpreted as strong.  

The intra-rater reliability ICC values were found to be excellent for all raters (Table 4), with the lowest 

values of the 95% CI (0,930 – 0,983) completely in the excellent range. The SEM was similar to the values of 

the inter-rater reliability, except for Rater 3 who had a SEM of 1,68 for the measured time in Task 1. The 

kappa values were strong or almost perfect for Task 2. Figure 3 shows the accuracy of Rater 1, which was 

quite good, although a larger differentiation from the line can be seen in Figure 3 B & F. This deviation is not 

too big to have an impact on the SEM. The figures of the other raters can be found in appendix 4. The average 

time between the two ratings was 15 days. 

On average there were three hours between the test and the retest. The results, shown in Table 5 and 

Figure 4, showed excellent values for the ICC and only perfect kappa values (Figure 4 C & D). Except for the 

mistakes made on Task 1 with an ICC (95%CI) of 0,702 (0,361 – 0,877), which is the lowest ICC found. The 

SEM of 1,08 is higher than at the inter-rater reliability, but still indicates that the scores were accurate, the 

visualization of this accuracy is shown in Figure 4 A. Task 3 even had an ICC value of 1,000 where all scores 

were completely the same in the test and the retest (Figure 4 E).   

Discussion 
This was the first study done for determining part of the psychometric properties of the DWMT after it was 

developed. In this study, the inter- intra- and test-retest reliability of the components of the DWMT were 

examined. The ICC and kappa values found show good to excellent reliability for almost all components. 

These values were expected to be found, since the QEWS was used as a base and this test has shown similar 

reliability values (32).  

Task 1 was a slalom that was adapted from the QEWS item 1 (32). The course was changed and the time 

in seconds was noted instead of scoring a time range, additionally the amount of mistakes were noted. The 

seconds measured show excellent inter- and intra-rater reliability for all raters. However the mistakes 

counted seemed to have some difficulties. The mistakes show a moderate accuracy for the inter-reliability 

when comparing Rater 1 and 2 with Rater 3. A reason for this might be an unclarity in the description on how 

to score in the protocol, since Rater 3 only used the protocol for scoring the participants and was not actively 

taking part in the development of the scoring criteria. The mistakes were also scored with lower accuracy for 

the intra-rater reliability. The test-retest reliability had the lowest ICC value on the mistakes of Task 1; 

ICC(95%CI) of 0,702 (0,361 – 0,877).  A possible reason for this is the competitive nature of the participants. 

Since they knew how it went on the first test they wanted to go faster on the retest in the afternoon. Although 

not knowing their time from the morning, they went faster but with more mistakes. Therefore counting the 

mistakes on Task 1 only showed moderate reliability. An option that was considered was to put a time penalty 

for every mistake made, to have only time in seconds as an outcome of the slalom. This was not done because 

no single value of time penalty would suit the whole range of scores. Therefore the descriptions of how to 

decide on a mistake will be checked again in the further development of the DWMT and revisions in the 

description or definitions might be necessary.  

The inter-rater reliability on Task 2 shows quite the range in kappa values, ranging from moderate to 

almost perfect. By having only the option of scoring a pass or no on the question if the participant was able 

to complete the task, the scoring relied on the description in the protocol. The requirements for correct 

interpretation of the kappa have been met (42), and a single difference between two raters has quite the  
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Figure 2 Inter rater reliability of Rater 1 vs Rater 2, for each task. ICC = intraclass correlation coefficient; 95% CI = 95% confidence 
interval; SEM = standard error of measurement. 

Table 3 Inter-rater reliability 

Inter-rater reliability  Rater 1 vs Rater 2 Rater 1 vs Rater 3 Rater 2 vs Rater 3 

N ICC (95% CI) SEM κ ICC (95% CI) SEM Κ ICC (95% CI) SEM κ 

Task 1           
  Time 30 1,000 (0,999 – 

1,000) 
0,50  1,000 (1,000-

1,000) 
0,44  1,000 (1,000-

1,000) 
0,43  

  Mistakes 30 0,974 (0,946 – 
0,987) 

0,22  0,901(0,805-
0,952) 

0,41  0,888(0,779-
0,945) 

0,43  

Task 2           
  Reaches the top 30   1,000   0,911a   0,911a 
  Down with slalom 30   0,839a   0,609c   0,714b 

Task 3           
  Total score 30 0,994(0,987-

0,997) 
0,13  0,973(0,938 – 

0,988) 
0,29  0,969(0,934-

0,985) 
0,32  

Task 4           
  Total score 30 0,983 (0,965 – 

0,992) 
0,37  0,969(0,937-

0,985) 
0,50  0,985(0,970-

0,993) 
0,34  

a 1 participant was scored different; b 2 participants were scored different; c 3 participants were scored different; ICC = intraclass 
correlation coefficient; 95% CI = 95% confidence interval; SEM = standard error of measurement; κ = kappa 

 

 

 

 

 

 

 

 

                     (A)            (B) 

Task 2 (up) 
Rater 2   Task 2 (down) Rater 2  

No pass Pass Total  No pass Pass Total 

Rater 1 
No pass 7 0 7  

Rater 1 
No pass 3 1 4 

Pass 0 23 23  Pass 0 26 26 

 Total 7 23 30   Total 3 27 30 

                     (C)            (D) 
 

 

 

 

 

 

 

 

                     (E)            (F) 
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Figure 3 Intra rater reliability of Rater 1, for each task. ICC = intraclass correlation coefficient; 95% CI = 95% confidence interval; SEM 
= standard error of measurement. 

Table 4 Intra-rater reliability 

Intra-rater reliability  Rater 1 Rater 2  Rater 3 

N ICC (95% CI) SEM κ ICC (95% CI) SEM Κ ICC (95% CI) SEM κ 

Task 1           
  Time 30 1,000 (1,000 – 

1,000) 
0,51  1,000 (1,000-

1,000) 
0,30  0,998 (0,995 – 

0,999) 
1,68  

  Mistakes 30 0,968 (0,935 – 
0,985) 

0,26  0,983 (0,965 – 
0,992) 

0,18  0,966 (0,930 – 
0,983) 

0,22  

Task 2           
  Reaches the top 30   1,000   1,000   0,911a 
  Down with slalom 30   0,839a   1,000   0,870a 

Task 3           
  Total score 30 0,988 (0,975 – 

0,994) 
0,18  1,000b – b  0,995 (0,990 – 

0,998) 
0,13  

Task 4           
  Total score 30 0,977 (0,954 – 

0,989) 
0,43  1,000b – b  0,977 (0,953 – 

0,989) 
0,43  

a 1 participant was scored different b No 95% CI is available because of perfect agreement, therefore the SEM can’t be calculated 
either; ICC = intraclass correlation coefficient; 95% CI = 95% confidence interval; SEM = standard error of measurement; κ = kappa 

 

 

 

 

 

 

 

 

                     (A)            (B) 

Task 2 (up): Rater 1 
Second Rating   Task 2 (down): Rater 1 Second Rating  

No pass Pass Total  No pass Pass Total 

First 
Rating 

No pass 7 0 7  First 
Rating 

No pass 3 1 4 
Pass 0 23 23  Pass 0 26 26 

 Total 7 23 30   Total 3 27 30 

                     (C)            (D) 
 

 

 

 

  

 

 

 

                     (E)            (F) 
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Figure 4 Test-retest reliability  for each task. ICC = intraclass correlation coefficient; 95% CI = 95% confidence interval; SEM = 
standard error of measurement. 

  Table 5 Test-retest reliability 

Test-retest 
reliability 

    

N ICC (95% CI) SEM κ 

Task 1     
  Time 18 0,996 (0,986 

– 0,999) 
1,08  

  Mistakes 18 0,702 (0,361 
– 0,877) 

0,29  

Task 2     
  Reaches the top 18   1,000 
  Down with slalom 18   1,000 

Task 3     
  Total score 18 1,000a – a  

Task 4     

  Kerb total score 18 0,992 (0,979 
– 0,997) 

0,33  

a No 95% CI is available because of perfect agreement, therefore 
the SEM can’t be calculated either; ICC = intraclass correlation 
coefficient; 95% CI = 95% confidence interval; SEM = standard 
error of measurement; κ = kappa 

 

 

 

 

 

 

 

 

                     (A)            (B) 

Task 2 (up) 
Retest   Task 2 (down) Retest  

No pass Pass Total  No pass Pass Total 

Test 
No pass 2 0 2  

Test 
No pass 2 0 2 

Pass 0 16 16  Pass 0 16 16 

 Total 2 16 18   Total 2 16 18 

                     (C)            (D) 
 

 

 

 

 

 

 

 

                     (E)            (F) 
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impact on the reliability. With a difference of three participants dropping the kappa to a moderate 

score of 0,609. Task 2 does show perfect kappa values for the test-retest reliability and strong to almost 

perfect for the intra-rater reliability. Therefore the task might need more explanation in the protocol, 

but interpretation of the current description seems to be clear even when scoring again after two 

weeks. It is also important to note that the reliability scores are calculated for these specific raters and 

are not directly generalizable to a broader population of raters. This is due to the fact that the raters 

were selected for their knowledge about wheelchair skills. 

The DWMT is an assessment on which the first try counts, where the participant was explained 

and showed how to perform the task, but did not get a second try. This is unlike other wheelchair skill 

tests, where a participant gets either a time limit to perform the task correctly (31) or a second try 

when the first attempt failed (33). This might have influenced the results of the participant scores, by 

giving them a lower score than they might have been able to get. For determining the reliability this 

would not have been of any influence, since the raters still had to score if someone was capable of 

doing it or not. The second try was not used, because it was argued that a participant is skilful when 

the first try is successful. Another reason for not giving second tries was to reduce the total time 

necessary to complete the DWMT. 

The test-retest reliability scores need to be interpreted with some caution, since the criteria for 

interpretation have not been met (41, 42). The sample size was lower than needed for interpretation, 

although with sufficient power according to the sample calculations (38). The values found are mostly 

excellent or almost perfect, from which it could be assumed that a sufficient sample size will result in 

at least good or strong reliability values. 

A strength of the study is the diversity in the diagnosis of the participants. It is common to test a 

wheelchair skills test on participants with a spinal cord injury (29-32), whereas the current study 

included participants with a broad range of neurological disorders. The DWMT itself has a set-up that 

might also be usable for other diagnosis, although this needs to be tested. An example is people with 

stroke, who form a big part of the people with a neurological disorder (43), who have not yet been 

included. The reason for this is that the current protocol is not suitable for people who use one or both 

of their feet as well as their arms for wheelchair propulsion.  

The DWMT set-up was done in such a way that distances for the manoeuvrability and precision 

tasks were based on real life distances, such as the width of a door (40). Although this was not possible 

in all of the situations, the slope used in the DWMT has a gradient of 1/10.3 instead of the Swedish 

standard of 1/12 (44). Though it is not likely for this difference in gradients to have an effect on the 

reliability of the test, rather on the performance of the participants.  

The recruiting of the participants was done continuously and possible participants declined to 

participate in the study. Sometimes participants agreed on participation but did not show up, this was 

mainly at the test-retest. Because of the continuous recruitment this did not affect the final sample 

size, it might however have given a selection bias in the test.  There are less people with MS who 

participated in the test-retest reliability compared to the inter- and intra-rater reliability sample. Since 

fatigue is a common symptom for people with MS (45) they might have scored differently on the test-

retest if they did not have enough time to rest in between. It might be the case that the test-retest 

reliability for people who experience fatigue is not as good as the sample used in this study. 

While this study determined the inter- intra- and test-retest reliability, and the validity relies on 

the adaptation of the QEWS, future research is needed to complete the psychometric properties of 

the DWMT. The sensitivity and specificity have not yet been determined, because this was outside of 

the scope of this study, although possible with the current data. The minimal clinical important 

difference needs to be determined if the DWMT will be used in effectiveness studies in the future.  
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Conclusion 

The DWMT has good to excellent inter- intra-rater and test-retest reliability when sufficient sample 
sizes are used. The reliability was tested in a clinical situation which makes it suitable for further use 
in clinical practice to see what skill level a person has. Further research can be conducted using the 
DWMT, especially after determining the remaining psychometric properties.  
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Appendix 1 Protocol: How to score, measure & instruct

 

Drivkraft Wheelchair Manoeuvre Test 
How to score, measure & instruct 

 

 
Name:                                                . 

Date:                                                  . 

Assessor:                                           . 

 

 

 

 

Before starting the measurement: 

• Check if the participant has signed the informed consent. 

• Check if the participant understands what is going to happen. 

• Check if all the details are filled in on the reporting form. 

• Check if the person has anti-tippers and that they are in use. Otherwise a person is needed to secure 
the safety. 

 
In general: 

• Each participant is entitled to a full explanation of what is expected of him/her. 
o This explanation can include an example performance by the assessor. 

• Questions for clarification may be asked and answered in addition to the standard instructions. 

• Every measurement has 1 attempt, no retakes are allowed. 
o Exceptions can be made if it is due to problems with the equipment, mechanics of the 

wheelchair or a clear misunderstanding of the task. A mark will need to be made to state the 
reason for giving the second attempt. 

• A countdown is performed before every attempt to let the participant know when he/she can start. 
 

For the assessors: 

• It’s important to not say out loud what is being scored. This could influence the participant, but 
moreover it will influence the other raters who will have to judge from the videorecording. 

• When rating from the video you are not allowed to use the pause or playback function.  
  

 

  



  
 

Task 1: Fundamental manoeuvring – Precision 

Time:     _______ sec 
Mistakes: _______ (amount) 

Instructions:  

All the white cylinders are supposed to be passed forward and the red cylinders you have to go backwards. 

You start at the line here, with the casters behind the line, and you stop with the casters in the box over there and the 

aim is not to hit the line.  

I will show you first, then you can try and then it will be on time. 

So I count down 3 2 1 go 

/explain what you are doing while showing/ 

/let the participant try and explain what he/she is supposed to do/ 

So now you will do it once more but on time.  

 

Scoring: 

• The time starts after a countdown of 3-2-1-go, the time finishes when the participants stops the 
wheelchair at the finish box. 

• The starting position is behind the line, the casters can not touch the line. 

• If the participant doesn’t stop between the two lines it counts as a mistake. 

• Passing the box is therefore a mistake, even when going backwards after breaking behind the box. 
Time stops when the wheelchair stops and it counts as a mistake if it’s not inbetween the finish lines. 

• Touching a cylinder is a mistake, the cylinder does NOT have to fall completely for it to count as a 
mistake.  

• In case the cylinder falls, the assessor or an assistant can quickly pick it up to prevent it from being an 
obstacle later on.  

• The double red gates can be passed two ways, both routes are shown in the figure below. (red lines = 
backwards, black lines = forward) 

• If the participant goes the wrong way in the slalom, he/she will be corrected by the assessor to go the 
other way. It does however count as a mistake. 

 

Set up: 

 

              Or 

  



  
 

Task 2: Fundamental manoeuvring – Slope of 1/10,3 

a. Reaches the top: Yes / No 

Instructions:  

The aim is to go up the slope, and you stop when you are at the top.  

You start with the casters in the box, which you can do now.  

 

Scoring: 

• It only counts as going up if the participant reaches the platform on the top. 

• If the participant doesn’t reach the top it is important that he comes down safely. To make sure of this 
the assessor or assistant should be walking behind him/her. 

!     The participant is during the whole time in charge of his/her feeling of safety and can stop at any time, 
                     then the assessor or assistant will take over to get the participant down safely. 

 

Set up: 

 
* The pictures of the slopes don’t show it, but there are walls on each side of the slope, so there is no risk of falling of on the 

sides. 

b. Goes down the slope with slalom:  Yes / No   

Mistakes:  _______ (amount) 

Instructions:  

Now we go down the slope with the slalom. You can't touch the walls or the cylinders and the goal is to stop with the 

casters inside the box in a controlled way. Lean backwards while going down and keep sliding/breaking. You are 

allowed to push on the flat surface to reach the box. 

  

Scoring: 

• Touching a cylinder or the wall is a mistake, the cylinder does NOT have to fall completely for it to 
count as a mistake.  

• Going down needs to be done with a sliding/breaking grip, pushes for steering are allowed. 

• If the participant doesn’t stop between the two lines it counts as a mistake. 

• It is allowed to push on the flat surface to reach the two lines. The participant doesn’t need to do this 
only by having the remaining speed of the slope. 

• Mistakes result in a result of ’No pass’ on the slalom. 
 

Set up: 

 
  



  
 

Task 3: Control of centre of gravity – Rear wheel balancing, push and sliding/breaking 
 

• Every part earns a point when passed which will be added to each other at the end. 

• In all of the situations the casters are not allowed to touch the ground unless specified otherwise. 

• In all of the situations the anti-tippers are not allowed to touch te ground. 

o  Push 1: Rear wheel balance for 20 seconds 

Instructions: 

you will balance for 20 seconds on your rear wheels. I will say when the time has passed so you can put them down 
again. You will need to stay inside the square but you are allowed to move in the square as long as your rear wheels 
don't go out.  
Start in the centre of the square and then I will start the countdown for you to start the balancing. 
 

Scoring: 

• Time starts when the casters leave the ground. 

• After 20 seconds the participant can stop, there is no need to continue for a longer amount of time. 

• The participant is allowed to move around on the spot as long as the rear wheels are not leaving the 

1m2 square. 

• It is not allowed for the rear wheels to touch the line of the square. 

• If the participant is not able to complete this task, the rest of Task 3 will be scored as a no pass. This is 

due to safety reassurance and the skills only get harder from here. 

 

o  Push 2. Turn 360 degrees (in both directions) 

Instructions: 

For this part you have to stay inside the square with your rear wheels. You go on your rear wheels and you turn either 

left or right, after that I count 3 2 1 and you can turn the other way. Then I will count again 3 2 1, and you can put the 

casters down. 

 

Scoring: 

• The participant can use as many pushes as he/she wants. 

• The rear wheels can not leave the 1m2 square. 

• It is not allowed for the rear wheels to touch the line of the square. 

• The casters are allowed to hover over the square. 

• The participant needs to stay still for 3 seconds after the first 360 before turning the other way. 

• The participant needs to stay still for 3 seconds when finished with the second 360. 
 

Set up for both Push 1 and Push 2: 

 
  



  
 

o  Push 3. High / Low balance position 10 cm 

Instructions: 

For this part you start with the casters in the box and you start to balance on the rear wheels. You drive forward on 

the rear wheels to the frame and you put the casters down on the other side of the frame. Then you go back in the 

rear wheel balance and you drive backwards. To show me that you can keep control, I will count 3 2 1 and then you 

can put the wheels down in the box.  

Note: Check if the participant has anti-tippers and if they will allow a sufficiently high balance position to pass this 

task. Change the settings of the anti-tippers and provide safety in case they were not high enough. 
 

Scoring: 

• Casters are supposed to touch the ground after moving over the obstacle. 

• Casters shouldn’t be resting on the obstacle, touching/tapping on the obstacle is allowed. 

• Rear wheels can be touching the obstacle. 

• When going backwards a 3 second stop on the rear wheels is needed to show control before putting 
the casters down. 

• If the participant notices he/she went too far backwards he/she can correct it before taking the 3 
second stop. This would still count as being in control and being precise. 

 

Set up: 

 

o  Sliding/breaking 1. Slope on the rear wheels  

Instructions: 

Now we will go down the slope on the rear wheels, it's important to keep sliding/breaking and not push. When you 

come down it's important to stop on the rear wheels while maintaining control, this has to be before the box. You 

cannot touch the line of the box with the rear wheels. I will count down again 3 2 1 and then you can put the 

wheelchair down.  
 

Scoring: 

• Goes down with a sliding/breaking grip, small pushes to control the center of gravity are allowed. 

• When at the bottom of the slope a 3 second stop on the rear wheels has to be performed to show 
control. 

• The participant should stop before the last line of the box, which is the 1 meter line to show they have 
control over their speed. They can’t touch this line with their rear wheels. 

• In case of a no pass, Sliding/breaking 2 and 3 do not have to be performed.  
 

Set up: 

 



  
 

o Sliding/breaking 2. Slope on the rear wheels with slalom 

Instructions: 

During this test you will again go down on the rear wheels while sliding/breaking. You can’t push during this test. The 

goal is to pass the box with the rear wheels without extra pushes and then you stop in a controlled way. I will count 

down 3 2 1 and you can put the casters down.  

 

Scoring: 

• When the participant has traveled the 1 meter he/she should remain in the rear wheel balance for 3 
seconds before touching the ground to show full control. 

• It’s not allowed to push in the 1 meter that is on flat surface, this distance has to be covered by the 
speed of the slope and the control of sliding/breaking. 

• The 1 meter line needs to be passed with the rear wheels. Which means no touching of the line with 
the rear wheels. 

• When the participant touches one of the cylinders or the wall it’s a fail.  
 

Set up: 

 

o  Sliding/breaking 3. Flat surface distance of 2 meters on rear wheels 

Instructions: 

You start behind the line with the casters here and you gather speed. Before the line you lift your casters up and go 

the whole way on your rear wheels while sliding/breaking, until you pass the other line with your rear wheels. After 

passing the line you stop while staying in control and I will count down 3 2 1 and you can put the casters down. 

 

Scoring: 

• If the participant doesn’t lift the casters before the line it’s a fail. 

• The finish line needs to be passed with the rear wheels, if the participant drops the casters before the 
finish line it’s a fail.  

• If the participant passes the 2 meters, but can’t control the wheelchair for 3 seconds it’s a fail. 

• If the participant starts by lifting the casters before the line and puts them down after the finish line, 
which will be more than 2 meters, it’s a pass. 

• No pushing is allowed while on the rear wheels. 

• A maximum of 3 meters is allowed to gain speed. 
 

Set up:  

 

 

                Total:       /6 

  



  
 

Task 4: Obstacle technique – Going up and down a kerb 

Kerb height Up Down 

1.0 cm   o     o  

2.5 cm    o     o  

5.0 cm   o     o  

7.5 cm   o     o  

10.0 cm   o     o  

12.5 cm   o     o  

15.0 cm   o     o  

                Total:       /14 

Instructions: 

Now we will go up a kerb. We start with 1cm and go up to 2.5, 5, 7.5, 10, 12.5 and 15cm as long as you keep getting 

up and feel safe to try. You start here in the box and you can gather speed to go up the kerb. You can also drive 

towards the kerb and stop to get up, both ways are allowed. When you go down you have to land on your rear 

wheels. 

Note: When someone doesn't get up explain he can try one more time. 

Note: Check if the participant has anti-tippers and if they will allow a sufficiently high balance position to pass this 

task. Change the settings of the anti-tippers and provide safety in case they were not high enough. 

 

Scoring: 

• A participant can continue to the next height when the previous height was succesful on the first 
attempt. i.e. a participant goes up the 1.0cm kerb on the first go, goes up the 2.5cm kerb on the first 
go, but fails the first attempt on the 5.0cm. In this case the participant can try one more time the 
5.0cm if he/she manages to get up this time the final height will be 5.0cm and the test stops. If he/she 
doesn’t manage on the second attempt the final height is 2.5cm.  

• Going down is considered to be safe when the participant goes down on the rear wheels or lands with 
the casters and rear wheels rather simultaneously.  

o The rear wheels shouldn’t be on top of the kerb while the casters are touching the ground.  

• If it’s decided that the participant doesn’t go down in a safe way it will be scored as a fail. A comment 
will be made by the assessor to state it wasn’t safe. Going up the kerb to the next stage is allowed, but 
going down will be done with support by lowering the kerb back to 0. The participant can continue 
trying going further up, but can no longer go down on his/her own. 

• A total of 3 meters can be used to gain speed to get up the kerb, this depends on personal 
preferences on what distance will be used. 

• If the participant estimated it wrong and stops in front of the kerb it’s a fail. He/she can continue to 
the next level to see if he/she can pass it and then continue from there.  

o Depending on the technique a person can stop in front of the kerb, put the casters on the 
kerb and create a momentum from there to get up. This will involve moving backwards while 
the casters remain on the kerb and a strong push forward to get up completely. This can also 
be done just once, otherwise it’s a fail. 

 

Set up:  
A combination of kerb heights and frames are used to create the heights that are tested. See list of equipment for an 

overview of the sizes used. 

 

 

 

 



  
 

Appendix 2 Protocol: How to film

 

Drivkraft Wheelchair Manoeuvre Test 
How to film 

 

 

For the filming of the test it’s important to keep as close to Åke as possible, to keep his point of view. If another 

angle is created the second and third rater might be seeing more, or less, then the first rater. It is therefore also 

important to focus the filming on the parts that are important. If there is a focus on the wheels, either the rear 

wheels or the casters, that need to start or end at a line it should be visible on the video as well. The video is 

therefore mobile, and will move along the test. 

The entire test will be filmed, without stopping. This is done so that the total duration of the test will be known, this 

can be used to determine the average time to take the entire test. Before sending it to the third rater it will be 

edited to only show the test components to save time.  

 

Task 1:  
Walk with the participant over the 10m length of the course, make sure that the participant is visible at all times and 
especially the wheels need to be clear on video. When at the finish box make sure that the whole box is visible on 
camera to see if the participant stops inside the box with the casters. 
 
Task 2: 
Going up the slope the camera will be positioned at the bottom of the slope, no movements need to be made to see 
if the participant reaches the top. 
Going down the slope with the slalom the camera will start at the bottom of the slope, but will move to the side 
once the participant gets down. This is to show if the participant stops with the casters inside the box. It’s therefore 
important that the entire box is visible on the video. 
 
Task 3: 
The first three components are easy to film because they require little space. Make sure the participant and the lines 
are visible on the video and no other movements need to be made. 
For the fourth and fifth component, which are down the slope, the same applies as with task 2. The camera will start 
at the bottom of the slope, but will move to the side once the participant gets down. All lines need to be visible 
when the participant stops. 
 
Task 4: 
Not much space is needed, therefore there is no need to be moving around with the camera. The camera should 
follow the participant during the 3 meters heading towards the kerb and can be static if the whole kerb is visible so 
that both the going up and down will be visible.



  
 

Figure A1: Inter rater reliability of Rater 1 vs Rater 3, for each task. ICC = intraclass correlation coefficient; 95% CI = 95% 
confidence interval; SEM = standard error of measurement. 

Appendix 3 Inter-rater reliability figures
 
Rater 1 vs Rater 3 

 

 

 

 

 

 

 

 

                  (A)         (B) 

 

Task 2 (up) 
Rater 3   Task 2 (down) Rater 3  

No pass Pass Total  No pass Pass Total 

Rater 1 
No pass 7 0 7  

Rater 1 
No pass 3 1 4 

Pass 1 22 23  Pass 2 24 26 

 Total 8 22 30   Total 5 25 30 

                  (C)         (D) 

 

 

 

 

 

 

 

 

                  (E)         (F) 

 

 
  



  
 

Figure A2: Inter rater reliability of Rater 2 vs Rater 3, for each task. ICC = intraclass correlation coefficient; 95% CI = 95% 
confidence interval; SEM = standard error of measurement. 

Rater 2 vs Rater 3 

 

 

 

 

  

 

 

 

                  (A)         (B) 

 

Task 2 (up) 
Rater 3   Task 2 (down) Rater 3  

No pass Pass Total  No pass Pass Total 

Rater 2 
No pass 7 0 7  

Rater 2 
No pass 3 0 3 

Pass 1 22 23  Pass 2 25 27 

 Total 8 22 30   Total 5 25 30 

                  (C)         (D) 
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Figure A3: Intra rater reliability of Rater 2, for each task. ICC = intraclass correlation coefficient; 95% CI = 95% confidence 
interval; SEM = standard error of measurement. 

Appendix 4 Intra-rater reliability figures 
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Task 2 (up): Rater 2 
Second Rating   Task 2 (down): Rater 2 Second Rating  

No pass Pass Total  No pass Pass Total 

First 
Rating 

No pass 7 0 7  First 
Rating 

No pass 3 0 3 
Pass 0 23 23  Pass 0 27 27 

 Total 7 23 30   Total 3 27 30 

                  (C)         (D) 
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Figure A4: Intra rater reliability of Rater 3, for each task. ICC = intraclass correlation coefficient; 95% CI = 95% confidence 
interval; SEM = standard error of measurement. 
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Task 2 (up): Rater 3 
Second Rating   Task 2 (down): Rater 3 Second Rating  

No Yes Total  No Yes Total 

First 
Rating 

No 7 1 8  First 
Rating 

No 4 1 5 
Yes 0 22 22  Yes 0 25 25 

 Total 7 23 30   Total 4 26 30 
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