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Voorwoord

‘Mis jij het niet, het kunnen lopen?’ vraagt een vriendinnetje.
Ze kijkt haar verbaasd aan.
‘Mis jij het niet, dat je niet in een rolstoel rijdt?’ stelt zij de vraag terug, terwijl ze in een 
wheelie voor de tv balanceert.

Onze dochter Tess (16 jaar, Spina Bifida) is nog heel klein als ze haar eerste rolstoel 
krijgt, 18 maanden. Zij en haar rolstoel trekken al vroeg de wereld in en groeien uit tot 
een eenheid.

‘Gelukkig heb ik heel goed geleerd hoe ik met mijn rolstoel moet omgaan. Andere mensen weten 

vaak niet dat je heel veel zelf kunt en vragen vaak of ze even moeten helpen. En eigenlijk 

moeten mensen wachten tot je zelf om hulp vraagt. Je wilt het namelijk zelf doen; alles wat je 

zelf kunt, wil je graag zelf doen. Ik weet precies wanneer ik hulp nodig heb.’

‘Rolstoelvaardigheidstraining is heel belangrijk voor mij, ik heb daar veel geleerd. Hoe ik moet 

omgaan met mijn rolstoel, maar vooral dat ik kan denken in mogelijkheden. Ik kan echt super 

veel met mijn rolstoel en dat geeft ook een gevoel van vrijheid. Dat je niet meer afhankelijk 

bent van iemand anders. En je gewoon kan gaan en staan waar je wilt.’

Tess brengt het heel mooi onder woorden. Kunnen gaan en staan waar je wilt, minder 
afhankelijk zijn van anderen en met het volste vertrouwen de hobbels en uitdagingen 
op eigen kracht aan gaan. Dat is waar iedere ouder naar streeft. Opvoeden is gericht op 
eindigheid en heeft als doel om je kind zo zelfstandig mogelijk in de wereld te laten komen. 
Dat vraagt van ouders om los te laten op het juiste moment en vertrouwen te hebben in 
je eigen kind. De training is niet alleen voor de kinderen van belang. Ook ouders worden 
uitgedaagd om hun grenzen op te zoeken en te vertrouwen op de vaardigheden en bredere 
ontwikkeling van hun kind. Zij groeien mee in de zelfstandigheid en zelfredzaamheid 
van hun kind. Vanuit mijn rol als ervaringsdeskundige ouder en pedagoog, gun ik alle 
kinderen en ouders dit mooie en waardevolle proces van vaardigheden, (zelf )vertrouwen 
en op het juiste moment los laten.

Marleen draagt met haar onderzoek bij aan het versterken en verbeteren van het leven 
van kinderen en hun ouders. Het is een eerste, succesvolle stap in de emancipatie van 
kinderen in een rolstoel, waarvan er nog vele mogen volgen. Rolstoelvaardigheid als basis 
voor een actief, gezond en waardevol leven als volwaardige burgers.

Marleen van de Krogt en Tess Boekhoud





 
 

Chapter 1

General introduction



Mother of a child with Spina Bifida: “Wheelchair mobility skills training, that is very 

important I think, …..that they really learn to go up and down stairs…...she can do much 

more now….a lot of places are not adjusted for wheelchairs ….and you can just go….your 

life becomes a lot more fun” 1.

YOUTH USING A MANUAL WHEELCHAIR

Spina bifida (SB) and cerebral palsy (CP) are two of the most common motor disorders 
in childhood leading to physical disability. The prevalence of SB is 3 to 4 per 10000 live 
births and stillbirths2. The malformation of the spinal cord and/or brain in SB can lead 
to sensory, cognitive and motor impairments3. Children and adolescents (youth) with 
SB can have different levels of ambulation (table 1), which can be classified with the 
adapted Hoffer classification4 into non-ambulatory (completely wheelchair dependent 
and therapeutic ambulatory) and ambulatory (normal, community and household 
ambulation). Schoenmakers et al.5 reported on the ambulation level in 103 Dutch 
children with SB and found 52% to be non-ambulatory and 48% to be functional 
ambulatory.

Table 1. Hoffer classification as adapted by Schoenmakers5.

Level of ambulation Description

Functional 
ambulatory

Normal ambulation Independent and unrestricted ambulation without use of 
assistive devices

Community ambulation Independent outdoor ambulation without use of braces or 
assistive devices; using wheelchair for longer distances

Household ambulation Independent indoor ambulation with or without use of 
braces or assistive devices; using wheelchair outdoors

Non-
ambulatory

Non-functional ambulation Walking only in therapeutic situations

Non-ambulation Wheelchair dependent

Cerebral palsy has a prevalence ranging from 1.7 to 3 per 1000 live births6. The severity 
of CP can be classified with the Gross Motor Function Classification System (GMFCS)7, 
with a higher level indicating more functional limitations. The distribution of youth 
with CP among the GMFCS classifications is approximately: 34% level I, 25% level 
II, 11% level III, 14% level IV, 16% level V8. Youth with CP who are classified as level 
IV and V use a wheelchair for all mobility, level III use a combination of wheelchair or 
ambulatory mobility device, level II use a wheelchair over long distances and level I are 
completely ambulatory9.

Chapter 1
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PEDIATRIC REHABILITATION

In the Netherlands, youth with physical disabilities such as CP and SB are usually 
referred to a pediatric rehabilitation team to support their health and their development 
from the time of the diagnosis. Pediatric rehabilitation care is aimed at supporting 
optimal functioning and participation in activities of daily life for youth with physical 
disabilities8. Until recently, rehabilitation for youth with SB and CP has focused primarily 
on increasing ambulatory abilities with limited attention for increasing mobility using a 
wheelchair. This lack of attention for wheelchair mobility in pediatric rehabilitation has 
been confirmed in several systematic reviews10–14 and is also reflected in a guideline for SB 
from the Netherlands Society of rehabilitation medicine which is entitled: “ambulatory 
abilities in youth with Spina Bifida”15. At the same time, the International Classification of 
Functioning and Health for Children and Youth (ICF-CY)16 has over 20 classifications of 
describing ‘walking’, i.e. ‘walking short distance’, ‘walking on different surfaces’, ‘walking 
and moving around’, but only one description of wheelchair mobility, as part of ‘moving 
around using equipment’: “Moving the whole body from place to place, on any surface or 

space, by using specific devices designed to facilitate moving or create other ways of moving 

around, such as with skates, skis, scuba equipment, swim fins, or moving down the street in 

a wheelchair or a walker” (ICF-CY d465)16.

Where it is common in pediatric rehabilitation practice and research to give functional gait 
training in ambulatory youth with orthoses/crutches/walkers17–19 or powered wheelchair 
training for youth using a powered wheelchair20,21, no or little attention has been given to 
manual wheelchair mobility skills (WMS) training in youth using a manual wheelchair22. 
Youth using a manual wheelchair often experience problems with participation in physical 
activity (PA)1,23. In a recent qualitative study towards describing factors that influence 
PA in youth with Spina Bifida (SB), youth using a manual wheelchair and their parents 
reported on the importance of WMS as a facilitating factor towards being physically 
active1. An example of one of the responses of a parent was quoted at the start of this 
introduction. Parents also mentioned that self-confidence seems to be crucial in the 
process of learning new WMS skills and using these skills in daily life1.

ASSESSING WHEELCHAIR MOBILITY AND CONFIDENCE

There is no evidence from literature towards a validated outcome tool for assessing or 
improving WMS in youth using a manual wheelchair. There is only limited research 
towards wheelchair mobility in youth using a manual wheelchair, with one small pilot 
study (n=6) reporting on possible positive effects of WMS training on WMS in youth22. 
There has been far more attention for WMS training in adult wheelchair users, where 
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WMS training has proven to have a positive effect on WMS24, confidence in wheelchair 
mobility25 and participation26.

In adult wheelchair users several outcome measures have been developed to assess WMS27 
or confidence in wheelchair mobility28,29. It was found important to assess both the 
capacity and confidence, as they determine whether a skill is actually performed30, for 
example going up a curb or going up/down a slope28.

It remains unclear whether these outcome tools from the adult population for assessing 
WMS and confidence in wheelchair mobility are also valid for the use in youth using a 
manual wheelchair. There is a clear difference between adult wheelchair users and youth, 
as youth is still developing physically and psychologically and participate in different 
activities than adults, e.g. playing outdoors or going to school, for which they might 
need different WMS. Moreover, parents may play an important role in the development 
of (confidence in) wheelchair mobility in youth, which is different to the role of a 
caregiver in adult wheelchair users. In order to ascertain content validity of an assessment 
instrument, it is important to assess the relevance of items for a specific population31, i.e. 
youth using a manual wheelchair.

ASSESSING PHYSICAL ACTIVITY

There has been ample research towards the objective assessment of PA in youth using 
a manual wheelchair32. Only the VitaMove33 was validated for youth using a manual 
wheelchair. Unfortunately, the three large body fixed sensors and complex data analysis 
makes the VitaMove less suitable for use in clinical practice34. There is an urgent need for 
the development of an activity monitor that can be used in clinical practice and is valid 
for assessing wheelchair activities in youth.

INCREASING PHYSICAL ACTIVITY

While research towards interventions aimed at increasing PA in youth using a wheelchair 
is lacking, there is research available about ambulatory youth with a disability10,12–14. 
Important lessons for the development of successful interventions in youth using manual 
wheelchair can be learned from (1) (un)successful interventions aimed at increasing PA 
in ambulatory youth with a physical disability, (2) qualitative descriptive research on 
(un)modifiable facilitators and barriers towards PA in youth with a disability (including 
wheelchair users) and (3) successful interventions on three of these modifiable factors 
(WMS, confidence in wheelchair mobility, physical fitness) in adult wheelchair users.

Chapter 1
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1. Two systematic reviews10,13 on the effectiveness of PA intervention in youth with a 
disability, concluded that focusing on solely physical training in ambulatory youth 
with a physical disability is not effective at increasing PA. Both reviews suggested 
to include a behavioral component when aiming to increase PA through physical 
training.

2. Two qualitative studies1,23 in youth with a disability included wheelchair users in their 
sample and aimed to describe facilitators and barriers towards PA. Multiple factors on 
all the levels of the ICF-CY were described, including the need for early attainment 
of (wheelchair) mobility skills, importance of physical fitness and the confidence in 
wheelchair mobility.

3. Recently Kirby et al.35 concluded there are significant associations between physical 
fitness, WMS and confidence in wheelchair mobility in adult manual wheelchair 
users with a spinal cord injury and suggested that both WMS training and exercise 
training may be useful during rehabilitation of people with a spinal cord injury. 
Exercise training36 and WMS training24 have demonstrated effectiveness in improving 
physical fitness, wheelchair mobility skills and/or confidence in wheelchair mobility 
in adult wheelchair users.

Based on the evidence from literature in the three before mentioned fields and the clinical 
expertise of the partners in this research project37, a new intervention towards increasing 
PA in youth using a manual wheelchair was developed in this thesis.

AIM AND OUTLINE OF THIS THESIS

Based on the lack of validated outcome measures to assess WMS and confidence in 
wheelchair mobility in youth using a manual wheelchair, the first aim of this thesis was to:

1. Develop or validate assessment tools
Chapter 2 describes the development and validation of the Utrecht Pediatric Wheelchair 
Mobility Skills Test (UP-WMST) using the current knowledge from literature in 
combination with the clinical expertise of health care professionals, children and their 
parents. In Chapter 3, the psychometric properties of this WMS test for youth using a 
manual wheelchair were assessed. This Chapter explains the adaptation of the scoring 
method, reliability, validity and responsiveness of the UP-WMST 2.0.

In Chapter 4 the development of a new tool to assess confidence in wheelchair mobility 
in Dutch youth is described. In this study, a forward-backward translation of the original 
Wheelchair Confidence Scale for adults (WheelCon-M) was performed and adaptations 
for youth were made based on focus groups with youth using a manual wheelchair, 
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parents and health care professionals. Furthermore, the internal consistency and construct 
validity of the newly developed WheelCon-Mobility Dutch Youth were assessed.

The second aim of this thesis was to assess the validity of an activity monitor in youth 
using a manual wheelchair to:

2. Objectively quantify physical activity
In Chapter 5 the criterion validity of the adapted algorithm of an activity monitor 
(Activ8) for youth using a manual wheelchair was assessed. In this study the outcomes 
of the Activ8 to detect ‘active wheelchair use’ were compared to observations through 
video recording as a gold standard.

The last aim of this thesis was to develop and evaluate an intervention in youth using a 
manual wheelchair aimed at:

3. Increasing (determinants of ) physical activity
Chapter 6 shows the results of a practice based intervention study in youth using a 
manual wheelchair using the previously described outcome measures. This study evaluates 
the short term and long term effect of a combined exercise and WMS training on PA, 
physical fitness, confidence in wheelchair mobility and WMS. A secondary aim was to 
evaluate if the order of training (exercise before or after WMS training) had a significant 
different effect on the outcome measures.

Finally, Chapter 7 discusses the main findings of this thesis in the theoretical and 
methodological considerations. It also describes the important clinical implications and 
directions for future research that resulted from the research process performed in this 
thesis.
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ABSTRACT

Background: Wheelchair mobility skills (WMS) training is regarded by children using a 
manual wheelchair and their parents as an important factor to improve participation and 
daily physical activity. Currently, there is no outcome measure available for the evaluation 
of WMS in children. Several wheelchair mobility outcome measures have been developed 
for adults, but none of these have been validated in children. Therefore the objective of this 
study is to develop a WMS outcome measure for children using the current knowledge from 
literature in combination with the clinical expertise of health care professionals, children 
and their parents.

Methods: Mixed methods approach. Phase 1: Item identification of WMS items through 
a systematic review using the ‘COnsensus-based Standards for the selection of health 
Measurement Instruments’ (COSMIN) recommendations. Phase 2: Item selection and 
validation of relevant WMS items for children, using a focus group and interviews with 
children using a manual wheelchair, their parents and health care professionals. Phase 3: 
Feasibility of the newly developed Utrecht Pediatric Wheelchair Mobility Skills Test (UP-
WMST) through pilot testing.

Results: Phase 1: Data analysis and synthesis of nine WMS related outcome measures showed 
there is no widely used outcome measure with levels of evidence across all measurement 
properties. However, four outcome measures showed some levels of evidence on reliability and 
validity for adults. Twenty-two WMS items with the best clinimetric properties were selected 
for further analysis in phase 2. Phase 2: Fifteen items were deemed as relevant for children, 
one item needed adaptation and six items were considered not relevant for assessing WMS 
in children. Phase 3: Two health care professionals administered the UP-WMST in eight 
children. The instructions of the UP-WMST were clear, but the scoring method of the height 
difference items needed adaptation. The outdoor items for rolling over soft surface and the 
side slope item were excluded in the final version of the UP-WMST due to logistic reasons.

Conclusions: The newly developed 15 item UP-WMST is a validated outcome measure 
which is easy to administer in children using a manual wheelchair. More research regarding 
reliability, construct validity and responsiveness is warranted before the UP-WMST can be 
used in practice.

Keywords: Children, Wheelchair mobility skills, Wheelchair mobility, Outcome measure
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BACKGROUND

Two of the most common motor disorders in childhood in the Netherlands are Cerebral 
Palsy with a prevalence of 2.5 per 1000 births1, and neural tube defects with a prevalence 
of 6.52 per 10.000 births2. A large proportion of these children use a manual wheelchair 
for their daily mobility3. In adults, several studies have reported on the importance 
of wheelchair mobility skills (WMS) to overcome mobility problems and improve 
participation 4, 5. Moreover, it has been shown that WMS training in adults can decrease 
their mobility problems by improving their WMS6-9. In children, evidence is limited, 
with only one pilot study by Sawatzki et al. looking at the effects of WMS training in 
six children using a manual wheelchair10. At the same time though, the importance of 
WMS training in children was recently confirmed in a qualitative study exploring factors 
associated with levels of physical activity11. One of the facilitating factors identified by 
children and their parents was WMS training. This can be illustrated by a quote from 
one of the parents: “Wheelchair training, that is very important I think, .she can do much 

more now….a lot of places are not adjusted for wheelchairs ….and you can just go….your 

life becomes a lot more fun”11.

In the last decade a large variety of WMS related outcome measures has been developed 
for adults using a manual wheelchair12. In order to evaluate a WMS training for children, 
there is a need for such an outcome measure in this population as well. The pilot study by 
Sawatzki et al. was the only intervention study reporting on the use of a WMS outcome 
measure in children and used an adapted version of the WST 3.210. However, this WMS 
outcome measure was developed for adult manual wheelchair users and has not been 
validated for use in children. It is recommended to validate an outcomes measure again 
if it is applied in a new population13. This is important because certain items could be 
irrelevant, other items might need adaptation or new items need to be included for 
different populations. In this case wheelchair outcome measures have been developed for 
adults with spinal cord injury, stroke or amputation, whereas children more often use a 
manual wheelchair due to congenital defects such as cerebral palsy or neural tube defects.

To the best of our knowledge, no WMS outcome measure has been specifically developed 
for or validated in children using a manual wheelchair.

The best available WMS outcome measures for adults could potentially be used for 
validation in children. Unfortunately, there is currently no consensus among clinicians 
and researchers on the best outcome measure in adults to evaluate WMS[12, 14, 15]. 
One of the reasons for this lack in consensus could be the difference in definitions used 
for the selection of items, including wheelchair user function, manual wheelchair use, 
wheelchair driving or wheelchair mobility[12, 16]. In this paper we use the term WMS, 
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as skills that address aspects of wheelchair mobility. In the International Classification of 
Functioning (ICF) 17 wheelchair mobility is classified in Chapter 4 (Mobility) as moving 
around using equipment (d465) and defined as “moving the whole body from place to 
place, on any surface or space, by using specific devices designed to facilitate moving or 
create other ways of moving around, such as a wheelchair”. This definition excludes other 
activities in a wheelchair such as transferring oneself or handling objects.

There is currently no outcome measure available for the evaluation of WMS training 
in children. Therefore, the objective of this study was to develop (based on available 
literature and expert opinion) a WMS outcome measure for children using a manual 
wheelchair.

METHODS

In this study, the recommendations for the development of outcomes measures by the 
‘COnsensus-based Standards for the selection of health Measurement INstruments’ 
(COSMIN) checklist18 was followed. The COSMIN checklist was developed in a 
Delphi study by an international team of leading experts in epidemiology, psychometrics, 
and health care18. One of these recommendation involves combining evidence from 
literature with clinical expertise, i.e. opinion of the target population and health care 
professionals13.This process is illustrated in Figure 1 and included the following phases: 
(1) Identification of potentially relevant WMS items with good measurement properties 
through a systematic review and best evidence synthesis regarding validity, reliability and 
responsiveness of existing WMS outcome measures (2) Selection of WMS items relevant 
for children using the opinion of children, their parents and health care professionals, 
(3) Pilot testing the feasibility of WMS items in children using a manual wheelchair.

Figure 1. Methodological process of  the development of  a WMS outcome measure for children.
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Phase 1 Item identification of  WMS
Data Sources and Searches We updated the most recent systematic review on WMS from 
2010 by Fliess-Douer et al.12 The same search string as Fliess- Douer et al.12 was applied 
to the following databases: Pubmed, Cochrane and Web of Science up to July 2015. The 
full search strategy for Pubmed is described in additional file 1.

Study Selection The selection of articles was independently performed by 2 reviewers 
(MS and JdG). While the search string was similar to Fliess-Douer et al.12 the criteria 
used for selection were adapted to include WMS outcome measures for people with all 
types of disability, instead of only those for people with a spinal cord injury (SCI). This 
resulted in the following inclusion criteria : (1) aim of the study was to assess wheelchair 
skill performances in a wheelchair, (2) outcome measure is constructed for people using 
a manual wheelchair, (3) available statistical data regarding reproducibility or validity (4) 
full report written in English and publication date January 2010–July 2015. Studies were 
excluded when: (1) constructed for people using power wheelchairs, (2) developed for 
assessing in virtual environment, (3) focused on ‘body function and structures’ (measuring 
specific physiological and/or biomechanical variables which do not comply with the terms 
of ‘activity’ or ‘participation’ domains as defined in the ICF17.

Figure 2. Flow chart of  the search strategy till July 2015 and selection of  articles.
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Assessment of methodological quality Studies reporting a total and item score were 
divided into sub studies to be able to differentiate between statistical methods being 
used. Two reviewers (MS and JdG) independently evaluated the methodological quality 
of the included studies using the COSMIN checklist19. The COSMIN checklist contains 
twelve boxes, which assess the methodological quality of the studies regarding reliability, 
measurement error, content validity, hypothesis testing, cross-cultural validity, structural 
validity, criterion validity, and responsiveness. The items in each box are rated with a 
4-point scoring system; excellent, good, fair, and poor. A quality score per measurement 
property was obtained by taking the lowest rating of any item in a box (“worst score 
counts”). One item in each box concerns the sample size requirements, with a minimal 
requirement of n>30 for an adequate sample size. As the COSMIN checklist was originally 
developed for health related questionnaires, sample size requirements might differ for 
performance based measures and can alternatively be based on power calculations as 
earlier discussed by Bartels et al.20. Therefore, the sample size requirement for assessment 
of methodological quality of reliability was adjusted to N ≥ 20, based on a sample size 
determination for a WMS outcome measure with power calculation from Kirby et al.21.

Data extraction and best evidence synthesis Two reviewers (MS, OV) independently 
performed the data extraction and assessed the results of the studies based on the quality 
criteria described by Terwee et al.22. The possible ratings per measurement property were 
“positive,” “indeterminate” and “negative”. Studies looking at different measurement 
properties of the same outcome measure were pooled for best evidence synthesis. This 
synthesis combines the methodological quality of the studies with the consistency of 
their results23. The level of evidence for each outcome measure was subsequently rated as 
“strong”, “moderate”, “limited”, “conflicting”, or “unknown” per measurement property. 
This method is similar to the method used for the systematic review of clinical trials as 
suggested by the Cochrane Collaboration Back Review Group23.

Selection of WMS outcome measure The WMS outcome measures with some level of 
evidence across reliability and validity were grouped together for item selection in phase 2.

Phase 2: Item selection of  WMS for children
The resulting list of WMS items identified in phase 1 was assessed on their relevance for 
children using a manual wheelchair. Relevance checking was performed through a focus 
group or individual interviews with children using a manual wheelchair, their parents and 
health care professionals. The children and their parents were recruited from a voluntary 
WMS training program, which was set to start a few weeks later. Physiotherapy students 
were trained by an experienced qualitative researcher to conduct interviews with parents 
and children following a topic list. Individual interviews were conducted with the children 
and their parents separately or, in case this was preferred by the child, together. The 
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parents and children were asked open ended questions about their current limitations 
regarding wheelchair mobility, their expectations of the WMS training and training 
goals. Open ended interview questions were preferred over relevance checking per item 
as this method assured an open mind regarding WMS which are relevant for children, 
without being influenced by WMS for adults. All interviews were recorded by video and 
transcribed verbatim. After transcription, a qualitative Framework Method Analyses24 was 
performed for all interviews by 2 independent researchers to determine relevant items. 
The coding framework was based on the compiled list of items from the results of phase 
1. Concurrently with the individual interviews, a focus group interview was conducted 
with health care professionals with clinical expertise in pediatric rehabilitation. All health 
care professionals were currently working at a special needs school and employed by De 
Hoogstraat rehabilitation centre, the Netherlands. Every potential WMS item from phase 
1 was assessed in the focus group with health care professionals on the appropriateness for 
children and rated as ‘relevant’, ‘relevant with adaptations’ or ‘not relevant’. Professionals 
were asked to keep in mind a total test duration of an hour, to make sure all items 
were critically assessed on relevance. One researcher (LdG) documented the answers 
given by the professionals. The results of the qualitative framework analyses of the target 
population was combined with the opinion of the health care professional to develop a 
new assessment tool with the work name: Utrecht Pediatric Wheelchair Mobility Skills 
Test (UP-WMST).

Phase 3: Pilot testing of  WMS items
One occupational therapist and one physiotherapist were asked to provide written 
comments and answer question regarding: 1) the feasibility to assess WMS within one 
hour; 2) the ease of handling material; and 3) clarity of instructions when administering 
the UP-WMST to children using a manual wheelchair. This was followed by individual 
interviews with the therapists. Both health care professionals received a manual of the UP-
WMST with instructions about test set-up and instructions per item. Children who use a 
manual wheelchair were recruited from a special needs school in Utrecht, the Netherlands.
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RESULTS

Phase 1: Item identification of  WMS
Search results The search strategy combined with the previous results from Fliess-
Douer et al.12 resulted in a total of 699 unique articles, of which 31 were selected for 
full text assessment (Figure 2). Nine studies were excluded after full text assessment. 
After exclusion, 22 studies were considered eligible for this review. The main reasons for 
exclusions were; the absence of psychometric properties of the outcome measure being 
used10, 25-28 ; outcome measures focused on the level of ‘body function and structures’26, 

29 and one outcome measure was a questionnaire30.

Study characteristics The 22 studies reported on 15 different outcome measures. 
The general characteristics of these outcome measures are presented in Table 1. The 
Wheelchair Circuit31-34 (WC) and the Wheelchair Skills test 21, 35-37 (WST) have been 
further developed into additional versions. Most outcome measures were constructed to 
assess either wheelchair mobility (TOWM, Wheelie test, Wheelchair Circuit, HMAT 
and OCAWUP)31-33, 38-43 or wheelchair user function (WST, AML, TMT, WUFA, 
WC-PFP, VFM)21, 35, 36, 44-48. Three outcome measures focused on a specific aspect of 
wheelchair mobility; wheelchair propulsion (WPT, slalom test)49, 50 or wheelchair driving 
(WC-WAIMS)34. Two outcome measures were constructed to reflect a broad overview 
of physical function51 and mobility52. All fifteen outcome measures contained items 
specifically related to wheelchair mobility, ranging from 1/11 WMS items47 to 10/10 
WMS42, 43 items per total number of items.

Table 2. shows the general characteristics of the studies; number of participants, disease 
characteristics, mean age and sex. Due to sample sizes requirements of N ≥ 20, eight 
studies36, 42, 43, 45-47, 50, 52 were excluded for further data synthesis and analysis. This exclusion 
includes the TMT45 which was the only outcome measure specifically developed for 
children.

Measurement properties The methodological quality and level of evidence of the studies 
are presented in Table 3 and 4 for each measurement property, arranged per outcome 
measure. No studies assessed all measurement properties. Reliability and hypothesis 
testing were the most frequently reported properties. Different methods were used to 
assess inter-rater reliability; some studies used 2 raters to separately assess the same video 
recording, whereas other studies used 2 raters to separately administer the test. Only 3 
studies46, 47, 49 demonstrated levels of evidence on content validity. Criterion validity was 
not assessed as there is no gold standard available. Some studies reported on the Smallest 
Detectable Change or Limits of Agreement, but no studies calculated the Minimal 
Important Change needed to determine the level of evidence for the measurement error 
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of an instrument. Therefore no levels of evidence were found for any of the outcome 
measures on criterion validity and interpretability.

Wheelchair Skills Test (WST)

The WST 1.0 was originally developed by Kirby et al.35 consisting of 33 items measuring 
wheelchair user functional skills in daily life for adults using a manual wheelchair. Fourteen 
of these items assess WMS, the other items assess other activities in a wheelchair, such as 
transfers or handling objects. The level of evidence for content validity of this outcome 
measure is unknown. A number of items and the outcome parameter were adapted in 
the WST 2.4 by Kirby et al.21 The WST 2.4 demonstrated good methodological quality 
for the reliability of the total score. The scoring of individual items reached a poor 
methodological quality, due to statistical flaws. Overall the WST shows moderate levels of 
positive evidence on reliability of the total score, moderate positive levels of evidence for 
hypothesis testing and unknown or no information on the other measurement properties.

Wheelchair Propulsion Test (WPT)

Askari et al.49 reported on the WPT, which is a quick test consisting of one WMS item 
measuring several parameters of wheelchair propulsion. This studies demonstrates limited 
to moderate levels of positive evidence on reliability. Moderate levels of positive evidence 
on content validity and hypothesis testing. Even though the structural validity showed 
good methodological quality, the level of evidence is unknown as the explained variance 
was not mentioned in the results.

Test of  Wheeled Mobility (TOWM) and Wheelie Test

Fliess-Douer et al.38-40 demonstrated poor content validity. All 38 items, except the 
wheelchair transfer, assess WMS. Although a large sample size was used to create a list of 
essential WMS, there was no assessment if all items together comprehensively reflect the 
construct to be measured. The statistical method regarding the reliability of item quality 
scores was inadequate, however the method used for all other scores was appropriate. 
Therefore the level of positive evidence is moderate for test-retest reliability of all scores, 
except for the item quality scores. There is unknown or no level of evidence for all other 
measurement properties.

Tufts Assessment of  Motor Performance (TOMP)

This assessment tool for functional motor skills in all disabilities was developed by Gans 
et al.51 The tool consists of 32 items in total with 2 items assessing WMS. This study 
demonstrated a limited level of positive evidence for inter rater reliability. No other 
measurement properties were assessed.
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Harvey Mobility Assessment Tool (HMAT)

Harvey et al.41 developed an outcome measure that could quantify the mobility 
of wheelchair dependent paraplegics. Three out of the six items assessed WMS. 
Information on measurement properties were only reported on inter rater reliability. 
The methodological quality of reliability was rated as good with a moderate level of 
positive evidence.

Functional Independence Measure (FIM) + 5 Additional Mobility and Locomotor 

items (5-AML)

Middleton et al.44 developed an additional three WMS items and two other wheelchair 
items to improve the sensitivity of the FIM for people with a SCI. Although they do not 
show any evidence on content validity or test-retest reliability they are the only study 
who demonstrated limited levels of positive evidence for internal consistency, structural 
validity, hypothesis testing and responsiveness.

Valutazione Funzionale Mielolesi (VFM)

The VFM was developed in Italy by Tarrico et al.48 and consists of 65 items of which nine 
items assess WMS. This study used one of the largest sample sizes of all studies in this 
review and demonstrated good methodological quality for internal consistency. No other 
aspects of reliability were mentioned. This study did not report on content validity. The 
other properties of validity were of unknown level of evidence due to poor methodological 
for hypothesis testing and fair methodological quality for structural validity without 
explaining the variance.

Conclusion phase 1: Item identification of  WMS
There is no widely used WMS outcome measure with levels of evidence across all 
measurement properties e.g. validity, reliability and responsiveness. However, the WST21, 

35, WPT49, WC31-34 and 5AML44 already showed some level of evidence on aspects of 
reliability and validity. The individual WMS items of these four outcome measures seem 
to be the best WMS items available from literature for validation in children. The WST, 
WPT, WC and 5AML were combined into an overall list of 22 unique WMS items, 
excluding items not related to mobility as defined by the ICF d465 17.The first column 
in Table 5 shows the compiled list of WMS items and the original outcome measures 
they were selected from.

Results Phase 2: Item selection of  WMS for children
Individual interviews took 30-60 minutes and were conducted with three girls, eight boys 
and their parents. The children’s age ranged from six to thirteen years old. The group 
consisted of two children with cerebral palsy, seven children with Spina Bifida, one child 
with congenital sodium diarrhea and one child with congenital myeasthenic syndrome. 
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Parents and children gave descriptions of different community activities in daily life in 
which the WMS of the child were inadequate or where they would like to improve on. 
Framework data analysis resulted in WMS which were literally part of the compiled list 
of potentially relevant items as can be seen in the fourth column of Table 5. For example, 
children would like to improve in their ability to go over a steep ramp or to go up and 
down a high or low curb. In addition, there were new codes developed for the coding 
framework to categorize recurring themes which could not be attributed to a single WMS 
item. The subsequent four columns in Table 5 show these categories: ‘crossing the road’, 
‘maneuver in crowded places’ or ‘small rooms’ and ‘propel over uneven surfaces’ and their 
match to existing WMS items or if not available a new WMS item.

The focus group conducted with health care professionals consisted of five occupational 
therapists and five physiotherapists, with an average age of 34.4 (SD = 7.8) years and 8.0 
(SD = 4.8) years of experience in working with children in a wheelchair. All 22 potentially 
relevant items were assessed in the focus group. Most items were considered relevant for 
children, however six items were deemed not appropriate for a WMS outcome measure 
for children: ‘ascending or descending stairs’, ‘propelling in a wheelie’, ‘turn 180° in 
wheelie position left and right’ and ‘get over a pothole’. Total time of administration 
was considered important due to the extra instruction time and shorter attention span 
of children when administering an outcome measure. When considering these time 
restraints health care professionals suggested that while ‘holding a wheelie’ is a useful skill, 
it is already part of ‘ascending a platform’ and therefore not needed to be tested separately. 
The item ‘avoids moving obstacles’ was suggested to be adapted into an item measuring 
the ability to perform a ‘sudden stop’ as this was seen to be more relevant for children.

Conclusion phase 2: Item selection of  WMS for children
The WMS items which were deemed relevant by both the children or their parents and 
by the health care professionals were selected for further pilot testing in phase 3. The 
item ‘avoiding moving obstacles’ was adapted into ‘sudden stop’. Even though holding a 
wheelie was seen as not relevant by health care professionals, it was retained as a separate 
item as this WMS was regarded as highly relevant by children and their parents. This 
resulted in a 16 item WMS outcome measure, from here on called the UP-WMST.

Results Phase 3: Pilot testing of  WMS items
One physiotherapist (30 years old, 4.5 years of experience) and one occupational therapist 
(28 years old, 5 years of experience) jointly administered the UP-WMST in eight children. 
All items were scored with an ability score (pass/fail) and a performance time score. The 
children’s age ranged from 5 to 11 years old, with five children diagnosed with Cerebral 
Palsy and three with other disabilities. The two health care professionals commented on 
the ease of administering the UP-WMST in an hour. For most items both health care 
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professionals confirmed that the items had clear instructions and were easy to administer. 
However, the following items were less easy to administer. The dependability of weather 
conditions and the extra time burden of testing in- and outdoors made the outdoor items 
for rolling over soft surface ‘propel over grass’ and ‘propel over gravel’ too difficult to 
administer. The indoor item for rolling over soft surface ‘propel over a mat’ was retained. 
The material for the item ‘side slope’ was seen as too big and difficult to handle when 
setting up the test. Table 6 shows the remaining UP-WMST items after excluding the 
outdoor and side slope items. Therapists also suggested future changes in the scoring 
method of the items with a height difference. When a child passes the ability score, the 
quality of execution could be a more important indicator of the performance than the 
time it takes to complete the item.

Table 6. Selected items of  the Utrecht Pediatric Wheelchair Mobility Skills Test after phase 3.

Utrecht Pediatric Wheelchair Mobility Skills Test Outcome parameter

Ability Time

1. Propulsion forwarda,b,c,d 10 meter Yes/No Seconds

2. Propulsion backwardsa 5 meter Yes/No Seconds

3. Rolls on soft surface (mat) a,c 2 meter Yes/No Seconds

4. Turns 90° while moving forwarda Left Yes/No Seconds

Right Yes/No Seconds

5. Turns 90° while moving backwarda Left Yes/No Seconds

Right Yes/No Seconds

6. Turns 180º in placea Left Yes/No Seconds

Right Yes/No Seconds

7. Sudden stop Seconds

8. Opening/Closing a doora,c Open toward Yes/No Seconds

Open away Yes/No Seconds

9. Figure-of-8-shapec Yes/No Seconds

10. Holding a Wheeliea,c 30 seconds Yes/No Seconds

11. Slope ascenta,c,d 20% Yes/No Seconds

12. Slope descenta,d 20% Yes/No Seconds

13. Platform ascendinga,c,d 5,10 centimeter Yes/No Seconds

14. Platform descendinga 5,10 centimeter Yes/No Seconds

15. Doorstepa,c 2 centimeter Yes/No Seconds
a. Wheelchair Skills Test, b. Wheelchair Propulsion Test, c. Wheelchair Circuit, d. 5 Additional Mobility 
and Locomotor items
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DISCUSSION

The objective of this article was to develop a WMS outcome measure for children. The 
results of the literature review in phase 1 are in accordance with previous systematic 
reviews12, 14, 15 and show the wide range of available outcome measures used for assessing 
WMS. Only the TMT45 was developed for children, but due to the small sample size (n= 
11) this instrument was excluded for data synthesis and analysis. There are two WMS 
items in the TMT ‘propelling down the hall’ and ‘propelling up a ramp’. These two items 
are part of WMS outcome measures for adults and were therefore assessed on relevance in 
phase 2. No other WMS outcome measure has been developed or validated for children 
using a manual wheelchair. Furthermore none of the identified outcome measures showed 
good levels of evidence across all measurement properties. For example, most outcome 
measures showed a low level of evidence on content validity. Content validity is defined 
by COSMIN as ‘the degree to which the content of a measurement instrument is an 
adequate reflection of the construct to be measured’ 22. Without good content validity, 
it is impossible to select the best outcome measure for a specific goal53. The construct 
the UP-WMST aims to assess skills of ‘wheelchair mobility’ as defined by the ICF d465 
17. Phase 1 of this study shows that most existing WMS outcome measures do not assess 
‘wheelchair mobility’ as defined by the ICF d465, but rather related concepts such as 
wheelchair user function or manual wheelchair use. While also important, these are 
different constructs and therefore only sections of these outcome measure were included 
that were relevant for assessing WMS.

In addition to assessing content validity and reliability, it is important to assess whether 
an outcome measure is responsive to detect change over time. The results of phase 1 
showed limited levels of evidence on responsiveness available for only one outcome 
measure32. However, while there is no evidence regarding the responsiveness of the 
WST, the WST has been used in randomized controlled trials and seems responsive to 
measure change 6-9, 54. Based on all the available psychometric data assessed, there was not 
a single WMS outcome measure suitable for validation in children. Therefore the second 
best option was to select outcome measures with some level of evidence on reliability 
and validity. The WST21, 35, WPT49, WC31-34 and 5AML44 already showed some level of 
evidence on an aspect of reliability and validity and both the WC and WST proved to be 
responsive to measure change in randomized controlled trials. The WMS items of these 
four outcome measures are the best available WMS items in current literature and were 
used or adapted for validation in children.

While there was little evidence available on the content validity of the identified WMS 
items, the results of phase 2 in this study show that most of the items on WMS were 
deemed as relevant by parents, children and health care professionals. These results can 
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also be corroborated with a recent Delphi Survey16, which reported on similar relevant 
items for a new WMS test for adults with an acute SCI. The only WMS items considered 
not relevant for children, were the more advanced WMS skills, such as descending or 
ascending stairs. Parents, children and health care professionals advised to include basic 
maneuvering tasks and include several height difference items for the outcome measure 
to be applicable for children. In contrast to adult manual wheelchair users, children are 
still developing as they grow older and different WMS will become more or less relevant. 
Furthermore, the size and weight of wheelchairs for young children are relatively large for 
their own size and strength, which makes it more difficult to execute WMS with height 
differences. When compared to WMS outcome measures for adults, it is important to 
include a higher proportion of more basic WMS in an outcome measure for children. 
The TMT45 which was the only outcome measure developed for children contained two 
basic WMS items. These were ‘propelling down the hall’ and ‘propelling up a ramp’, and 
four other skills such as donning clothes or transfers. Similar adaptations were made 
in the WST 3.2 by Sawatsky et al.10 for a pilot of WMS training in six children. They 
decreased the level of difficulty of the WST 3.2 by lowering the level change and incline 
for application in children. Even though outcome measures for wheelchair mobility had 
not been validated before in children, this study shows that most items related to basic 
wheelchair mobility with acceptable level of evidence in adults were considered relevant 
for assessment in children. Therefore the UP-WMST can be seen as an adapted version 
of adult outcome measures, specifically aimed at assessing basic wheelchair mobility, 
excluding more advanced items and items assessing different domains of the ICF 17. 
However, as was mentioned by Sawatsky et al.10 and confirmed by parents, children 
and health care professionals in this study, there could be a group of children with a 
high level of WMS and a basic WMS outcome measure might show a ceiling effect for 
these children. More advanced WMS are already assessed in WMS outcome measures 
for adults, but these outcome measures have not yet been validated for children. For 
example, TOWM and Wheelie test40 consist of more advanced items with high platforms 
(20 cm) and several WMS skills in wheelie position. Future research should be aimed 
at developing and validating a similar advanced WMS outcome measure for children.

In addition to selecting relevant WMS items for children, it is also important to evaluate 
the applicability of the outcome measure in clinical practice. As suggested by Kirby 55 
there are more assessment criteria which are useful to assess when selecting an outcome 
measure, such as time burden, availability of materials and ease of administering the 
test. Therefore, we examined the feasibility of administering the UP-WMST in phase 3 
of this study. While the outdoor items were previously seen as relevant in phase 2, they 
were excluded from the UP-WMST after the results of phase 3 due to time burden of 
testing both in- and outdoors. When developing a more advanced test for wheelchair 
mobility in children, these outdoor items should be reconsidered for inclusion. Results 
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of phase 3 also showed the need for an additional outcome parameter for the height 
difference items. All items are currently assessed on performance time and ability. The 
combination of these two outcome parameters seem to be in line with recent findings 
by Sawatzky et al.56 that propulsion speed and ability are related. However, according to 
the results of phase 3, a more extensive scoring method should be included for the height 
difference items. Such a method could include a five point scoring method as used in the 
TOWM and Wheelie test40, a performance score as used in the WC32, or a safety score 
as described in the WST36. We are currently continuing with the validation of the UP-
WMST and development of a qualitative scoring method which is able to distinguish 
between beginner or more advanced execution methods on an item.

This study was limited to WMS items with good measurement properties available in 
current literature. Surprisingly there was not one WMS outcome measure available 
with good levels of evidence across all measurement properties. The second best option 
was to select the best available WMS outcome measures for adults with some level of 
evidence across reliability and validity. The levels of evidence of these selected WMS items 
for responsiveness, minimal detectable change and minimal important change remain 
unknown. The feasibility of the UP-WMST was assessed by 2 health care professionals 
from the same rehabilitation center. It would be interesting to assess if the administration 
of the UP-WMST in a different setting or with different health care professionals would 
lead to the same results. Before the UP-WMST can be used in clinical practice, additional 
research towards responsiveness, interpretability, reliability and construct validity of the 
newly developed UP-WMST is warranted. Furthermore, the necessity of including basic 
WMS items could have been enhanced by the sampling of children and their parents 
used in this study for relevance checking. Children were recruited from a voluntary 
wheelchair mobility skills training program and interviewed a few weeks before the start 
of the program. Therefore, their level of wheelchair mobility could have been lower and 
this could have resulted in some bias towards more basic WMS. At the same time this is 
the group of children who attend a wheelchair skill training program and therefore the 
group of children the UP-WMST is developed for. Nevertheless, interviews only took 
place before the start of the wheelchair skill training program and children and parents 
might have underestimated the possible WMS a child is able to learn. Therefore, future 
research should evaluate possible ceiling effects of the UP-WMST.

CONCLUSION

No single WMS outcome measure with good levels of evidence across all measurement 
properties was available for validation in children. However, four outcome measures 
did show levels of evidence on reliability and validity. The individual WMS items of 
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these four outcome measure is the best knowledge available from literature and were 
used for relevance checking and validation in children. Parents, children using a manual 
wheelchair and health care professionals agreed on the necessity of including more basic 
WMS in an outcome measure for children compared to adults. The resulting 15 item 
UP-WMST outcome measure is easy to administer and demonstrates content validity for 
assessing WMS in children using a manual wheelchair. While this is the first step towards 
developing a WMS outcome measure for children, further assessment of reliability, 
construct validity and responsiveness is needed.
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APPENDIX

Search filter PUBMED

Search (((wheelchair AND rehabilitation AND mobility)) OR (wheelchair AND 
measurement AND assessment)) OR ((Wheelchair AND Mobility AND Skill) OR 
(Wheelchair AND Mobility AND Task) OR (Wheelchair AND Mobility AND 
Measurement) OR (Wheelchair AND Mobility AND Test) OR (Wheelchair AND 
Mobility AND ADL) OR (Wheelchair AND Mobility AND Functional) OR (Wheelchair 
AND Mobility AND Instrument) OR (Wheelchair AND Mobility AND Performance) 
OR (Wheelchair AND Mobility AND SCI) OR (Wheelchair AND Mobility AND 
Validity) OR (Wheelchair AND Mobility AND Reliability) OR (Wheelchair AND 
Mobility AND Pathology) OR (Wheelchair AND Mobility AND Behavior) OR 
(Wheelchair AND Mobility AND Activity) OR (Wheelchair AND Mobility AND 
Disability) OR (Wheelchair AND Mobility AND Assessment) OR (Wheelchair AND 
Mobility AND Quality of life)) Filters: Publication date from 2010/01/01
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ABSTRACT

Background: The assessment of wheelchair mobility skills (WMS) is important in youth 
using a manual wheelchair. More information is needed regarding the psychometric properties 
of the newly developed Utrecht Pediatric Wheelchair Mobility Skills Test (UP-WMST).

Objective: The purpose of this study was to evaluate the reliability, content validity, construct 
validity and responsiveness of the UP-WMST 2.0 in youth using a manual wheelchair.

Design: Repeated measurements and cross-sectional study design.

Methods: A total of 117 children and adolescents who use a manual wheelchair participated 
in this study. The UP-WMST 2.0 contains the same 15 WMS items as the original UP-
WMST with an adaptation of the scoring method. Test-retest reliability was estimated in 30 
participants. Content validity was assessed through floor and ceiling effect analyses. Construct 
validity was assessed through hypothesis testing. Initial responsiveness was assessed in 23 
participants who participated in a WMS training program.

Results: Test-retest reliability analysis showed weighted Cohen’s kappa values ranging from 
0.63-0.98, for all but one (sub) item. The total UP-WMST 2.0 score had an intraclass 
correlation coefficient of 0.97. No floor or ceiling effects were detected. Independent sample 
T-Test analysis confirmed our hypotheses regarding direction and difference in scores between 
age and diagnostic groups. Within group analysis in the responsiveness study showed a 
positive significant change in UP-WMST 2.0 score (8.3 points).

Limitations: The small sample size used in the responsiveness study.

Conclusion: This study shows evidence towards test-retest reliability, content and construct 
validity of the UP-WMST 2.0. It also shows initial evidence towards responsiveness of the 
UP-WMST 2.0 to measure change in WMS in youth using a manual wheelchair.

Keywords: Psychometric properties; wheelchair mobility; skills; youth; wheelchair user; 
reliability; validity
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INTRODUCTION

People who use a manual wheelchair in daily life rely on their wheelchair and mobility 
skills to move around and overcome physical barriers, such as uneven surfaces, curbs and 
slopes. More advanced wheelchair mobility skills (WMS) are associated with a higher 
quality of life, higher life satisfaction and more community participation1,2.

Although WMS training can improve the skill level of adult wheelchair users and is an 
important part of clinical rehabilitation programs3-7, only scarce evidence exists for the 
impact of WMS training in youth (children and adolescents). Two recent studies have 
reported on the importance of WMS training for youth using a manual wheelchair8,9. 
In order to evaluate the effect of WMS training in youth, there is a need for a WMS 
outcome measure specifically developed for this population. Existing WMS outcome 
measures have been developed for adult wheelchair users, but none of these outcome 
measures have been validated in youth who use a manual wheelchair. It is important to 
validate an outcomes measure again if it is applied in a new population, because certain 
items could be irrelevant or need adaptation10. Therefore, we recently developed a new 
WMS outcomes measure, the Utrecht Pediatric Wheelchair Mobility Skills Test (UP-
WMST)11. Earlier research on the development of the UP-WMST focused on content 
validity, through selection of WMS items from adult outcome measures and subsequently 
identifying relevant WMS items for youth using the clinical expertise of youth health 
care professionals, youth and their parents. Afterwards the feasibility of administering 
the UP-WMST in youth using a manual wheelchair was assessed in a pilot study11. 
Outcomes of this previous study resulted in a list of 15 items to assess skills related to 
wheelchair mobility as defined by the International Classification of human Functioning 
d465 (ICF)12 in youth. To further develop and support clinical use of the UP-WMST, 
more information about its psychometric properties is needed.

Reliability refers to the extent to which scores of participants who have not changed are 
the same for repeated measurements over time (test-retest reliability) and to the degree 
to which the UP-WMST is free from measurement error13. Content validity refers to 
the degree to which the content of the UP-WMST is an adequate reflection of WMS in 
youth13. The previous study11 focused on content validity through the development of 
a comprehensive list of relevant items to assess WMS in youth. A final step in assessing 
content validity is to assess if the UP-WMST includes a range of items which are 
comprehensive enough to demonstrate change, i.e. without floor or ceiling effects14. 
Construct validity refers to the degree to which the scores of the UP-WMST represent 
WMS in youth and is assessed through hypothesis testing13. We hypothesize that age 
is positively associated with UP-WMST score due to more experience in wheelchair 
mobility and/or increased strength or neuromotor development in older wheelchair 
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users15,16. Furthermore we expect a difference between diagnostic groups. In adult manual 
wheelchair users the success rate of WMS differs per patient group, with people with a 
spinal cord injury having a higher success rate than people with a stroke or acquired brain 
disorder17. In children who use a manual wheelchair, agility and anaerobic performance 
tests show better results in children with Spina Bifida (SB) compared to children with 
cerebral palsy (CP)18,19. We therefore hypothesize that youth with SB will have a higher 
score on the UP-WMST compared to youth with CP. Responsiveness refers to the ability 
of the UP-WMST to detect change over time13. A WMS outcome measure in adults has 
shown to be responsive after WMS training6. In youth there is only data available from 
one small pilot study (n=6), that reported on improvements in WMS after a two day 
WMS training program9. To determine if the UP-WMST is able to detect change over 
time, we hypothesize to find a significant improvement in the outcome after a six month 
WMS training program.

The purpose of this study is to evaluate the reliability, content validity, construct validity 
and responsiveness of the UP-WMST in youth using a manual wheelchair.

METHODS

Sample
This study is part of a currently ongoing larger Let’s Ride study (n=117)20. The database 
consists of youth who participated in a reliability study (n = 30) and a WMS training 
program study (n = 97) (trialregister.nl, registration number NTR5791). The WMS 
training program study consisted of a pilot study (n=23), from which the data was used 
to obtain initial estimates of responsiveness and a larger intervention study (n=74), from 
which the pre-intervention measurements are used in this study. When youth participated 
in more than one study (n=10), only the first measurement of the first enrolled study was 
used for analysis of content and construct validity.

All participants were household or community bimanual wheelchair users in daily life. 
Children (5-11 years) and adolescents (12-18 years) were included if they were able 
to follow simple instructions. Informed consent was obtained from all parents and all 
adolescents. To ascertain the sample was a good reflection of the total manual wheelchair 
youth population, we included participants with different diagnoses and youth with 
varying cognitive levels who received regular education or special education.

UP-WMST and UP-WMST 2.0
Table 1 shows the different WMS assessed in this measurement tool, as well as the cut-
off times that we used to modify the scoring method to create a modified version, the 
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UP-WMST 2.0. All items, apart from item 10 “holding a wheelie”, are performed at 
maximum speed. Item 8 “door open and away”, item 13 “platform ascending” and item 
14 “platform descending” contain two sub items with different degrees of difficulty and 
are scored per sub item.

In close collaboration with pediatric physical therapists and a biostatistician a few changes 
have been made to the scoring method in comparison with the original UP-WMST. To 
distinguish between the original version and the new version with the adapted scoring 
method, the new version will be called UP-WMST 2.0. Pediatric physical therapists 
collaborating in our research reported difficulties with timing the item “holding a wheelie” 
in participants who were unable to control a wheelie position. The duration of holding a 
wheelie was too short to time with a stopwatch. Therefore we developed a different scoring 
method: a score of 1 is awarded when the participant can pop up their front casters off 
the ground, a score of 2 is awarded if the participant is able to maintain a wheelie for 
more than 2 seconds and a score of 3 is awarded if the participant is able to maintain a 
wheelie for more than 30 seconds.

At the same time, the original time scoring method of the UP-WMST in Sol et al.11 has 
been further developed into an ordinal scale for the UP-WMST 2.0. The use of an ordinal 
scale has several advantages over a time score per (sub)item. The ordinal ranks of the (sub) 
items can be summed up to a total score. A total score facilitates interpretation of test 
results and can be used to evaluate changes within or between individuals or groups. With 
support of a biostatistician, the time scores per (sub) item were converted into a 4-point 
ordinal scale per item. A rank of 0 is given when participants are unable to complete an 
item or the time to task completion takes over 60 seconds.

The UP-WMST times of the 117 participants in this study were used to determine the 
cut-off time per (sub) item. The times of the participants who were able to complete an 
item within 60 seconds were used to calculate the mean times and determine the cut-
off times at the 25th and 75th percentile. Table 1 shows per (sub) item the cut-off times 
for the ordinal ranks. A total UP-WMST 2.0 score, with a maximum of 54 points, was 
calculated from the sum of the ordinal ranks per (sub) item. A higher score on the UP-
WMST 2.0 indicates more advanced WMS.

Table 2. Ordinal scale of  the UP-WMST 2.0

0 Not able to complete item or time to task completion > 60 seconds.

1 Above the 75th percentile 

2 Between the 25th and 75th percentile

3 Below the 25th percentile
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Procedures
To assess test-retest reliability (n=30), the UP-WMST 2.0 was administered twice within a 
two week period (median = 7 days) . Ethical approval was granted by the Medical Ethical 
Committee of University Medical Centre Utrecht (UMCU) in the Netherlands for the 
reliability part of this study (#12-586). As the UP-WMST 2.0 is a new outcome measure, 
no information was available for sample size calculations. We have therefore followed 
calculations from a similar study in adult wheelchair users of Kilkens et al.21 A group of 
27 participants was needed to detect an ICC >0.80. With a 10 % drop-out or missing 
data, alpha of 0.05 and power of 0.80, a sample size of 30 participants will be required. 
All re-tests of the UP-WMST 2.0 were conducted using the same material, gym floor, 
tire pressure, test administrator and instructions as the first administration of the UP-
WMST 2.0. The administer explained every item verbally and when necessary showed 
the execution of the item by walking (e.g. figure of eight shape). Participants could use 
one trial attempt and subsequently a maximum of three attempts were allowed. The best 
time was used and converted to a rank score.

To assess content and construct validity (n=117), the descriptive statistics of the 
baseline UP-WMST 2.0 scores of the total sample were used. The UP-WMST 2.0 was 
administered according to the protocol by a physical therapist, occupational therapist 
or research team member. All administrators received a 4 hour training (theory and 
practice) on the administration of the UP-WMST 2.0. The Institutional Review Board 
of the UMCU approved the study protocol for Let’s Ride intervention study (#15-136).

A subsample of participants (n=23) participated in the Let’s Ride pilot study22. The results 
of this pilot study were used to estimate initial responsiveness. Participants followed 
a WMS training program aimed at propelling efficiently, going up and down curbs, 
holding a wheelie and negotiating the physical environment outdoors. This program 
was organized by a Dutch patient organization and consisted of 4 training sessions of 
2.5 hours each over a six month period. An experienced manual wheelchair user with 
over 10 years of experience in teaching WMS conducted the training sessions. After each 
training session, participants were instructed and motivated to practice at home and 
received an individual video instruction about how to practice their skills. The research 
team administered the UP-WMST 2.0 before and after the training period using the 
same material, gym floor, tire pressure and instructions.

Statistical analysis
Reliability

The test-retest reliability of the individual (sub) items was assessed using a quadratic 
weighted Cohen’s Kappa. In addition, the test-retest reliability of the total score was 
calculated using a two-way mixed intraclass correlation coefficient (ICC

agreement
). A priori, 
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a weighted Cohen’s Kappa of 0.61 or higher and an ICC
agreement 

of 0.80 or higher was 
defined as an indication of good reliability23. Standard error of measurement (SEM

agreement
) 

and smallest detectable change (SDC), were calculated for the total UP-WMST 2.0 
score10.

SDC
 
= 1.96 x √2 2 x SEM

agreement

Content validity

Floor and ceiling effects of the total UP-WMST 2.0 score were determined as part of 
content validity. Floor and ceiling effects were considered present if 15% or more of the 
participants scored a lowest or highest possible score10.

Construct validity

The construct validity of the UP-WMST 2.0 was evaluated using an independent samples 
t-test analysis to assess between group differences in UP-WMST 2.0 score within age 
groups (children and adolescents) and diagnoses (SB and CP).

Responsiveness

A paired samples t-test was used to assess the change of the UP-WMST 2.0 after a WMS 
training program.

RESULTS

Reliability

Table 3 shows the descriptive statistics of the participants included per study. Thirty 
participants were included in the test-retest reliability study. One participant became 
ill and could not perform the retest of the UP-WMST 2.0 within the two week period. 
The scores of this participant were not used in the reliability analysis. The results for the 
test-retest reliability per (sub) item and total score are shown in Table 4. The weighted 
kappa coefficients ranged from 0.63-0.98 for all but one item, an indication of good 
reliability based on definitions the research team developed a priori. Item 7 ‘sudden stop’ 
with a coefficient of 0.50, was moderately reliable based on the definitions the research 
team developed a priori. Due to this moderate value of reliability, the ‘sudden stop’ item 
has been removed from the UP-WMST 2.0 and will not be part of the total score. The 
new maximal score on the UP-WMST 2.0 is 51 points. The ICC

agreement
 for the total UP-

WMST 2.0 score was 0.97 with a SEM
agreement

 of 1.80 points and SDC of 4.98 points.
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Content validity

Figure 1 shows the variation of UP-WMST 2.0 scores in 117 participant with a normal 
distribution and a range of 9 – 51 points. No floor or ceiling effect were present, as none 
of the participants had a minimum score and only 1.7% of the participants reached the 
maximum score. Fifteen percent of the participants reached a score of 40 points or higher 
on the UP-WMST 2.0.

Construct validity

Table 5 shows the mean score, standard deviation and range of the UP-WMST 2.0 score 
per age group and per diagnosis. The UP-WMST 2.0 scores were significantly lower, 5.4 
points with p<0.01, in children (n=56) compared to adolescents (n=61). The UP-WMST 
2.0 scores were significantly higher, 9.1 points with p<0.001, in youth with SB (n=31) 
compared to youth with CP (n=47). No confounding influence of age was detected when 
comparing youth with SB to youth with CP.

Table 3. Participant characteristics and UP-WMST 2.0 scores

Parameter Reliability 
study

Validity
study

Responsiveness 
(pilot) study

Number of participants, n 30 117 23

Children 12 56 21

Adolescents 18 61 2

Age in years, mean (SD) 12.5 (3.4) 12.4 (3.4) 9.3 (1.9)

Gender, n

Male 18 71 16

Female 12 46 7

Diagnoses, n

Spina bifida 15 31 11

Cerebral palsy 13 47 5

Muscle disorder 1 11 1

Other 1 28 6

UP-WMST 2.0, mean (SD)

 Baseline 29.4 (11.0) 29.4 (10.2) 29.2 (9.0)

 Re-test (n=29) 31.3(10.4) - -

   Post-training (n=20) - - 38.9 (8.8)

UP-WMST = Utrecht Pediatric Wheelchair Mobility Skills Test, SD = standard deviation
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Mean = 29.4

Standard deviation = 10.2
n = 117 

Figure 1. Distribution of  baseline UP-WMST 2.0 scores in total sample

Table 5 Comparison of  total UP-WMST 2.0 scores between and within groups

    n Mean  
UP-WMST 2.0

Standard 
deviation

Range    P values
 

Age

Children 56 26.6 9.3 10-47

Adolescents 61 32.0 10.5 11-51 < 0.01*

Diagnosis

Cerebral Palsy 47 26.1 9.4 11-48

Spina Bifida 31 35.2 9 13-48 < 0.001*

Responsiveness

Pre-training 20 30.6 8.8 14-47

Post-training 20 38.9 8.8 26-50 < 0.001**

UP-WMST = Utrecht Pediatric Wheelchair Mobility Skills Test, * from independent samples T-Test, ** 
from paired samples T-Test
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Responsiveness

Table 3 showed the descriptive statistics of the 23 participants who participated in a WMS 
training with their pre-training and post-training UP-WMST 2.0 score. Two participants 
could not complete the program due to unrelated medical treatments and one participant 
was not available for assessment post-training. The results of these 3 participants were 
not included in the statistical analysis. The paired sample t-test of 20 participants shows a 
significant (p<0.001) improvement of 8.3 points (95% confidence interval, 5.29–11.31).

DISCUSSION

This is the first study to evaluate measurement properties of a WMS outcome measure 
in youth using a manual wheelchair. Our results show positive estimates of reliability, 
content validity and construct validity and preliminary evidence of the responsiveness 
of the UP-WMST 2.0 for youth who use a manual wheelchair.

Reliability

A low kappa value for the item ‘sudden stop’ let to the removal of this item from the 
UP-WMST 2.0. In earlier research, the item ‘sudden stop’ was found to be relevant 
to assess in youth using a manual wheelchair11. The results of this study show that the 
current administration is not a reliable method and was therefore removed from the 
current version. Given the relevance though, future research should look into a different 
method of assessing this item. The total score of the UP-WMST 2.0 showed an excellent 
ICC

agreement 
(0.97), comparable to the ICC’s reported for WMS outcome measures in 

adults (0.90-0.99)17,25,26. In addition to the ICC, we calculated the SEM
agreement

 and SDC. 
This information is useful in clinical practice. The SDC of 4.98 points indicates that 
an individual improvement or decline of 5 or more points reflects a true change in UP-
WMST 2.0 score. This change in score is 9.4% of the total range of the UP-WMST 2.0 
and is in line with previously reported detectable change score (5-15 %) in two adult 
WMS outcome measures26. Thus, repeated periodically, the UP-WMST 2.0 can be used 
as a criterion for the effectiveness of rehabilitation treatment focusing on WMS in youth 
who use a manual wheelchair.

Content validity

In addition to the evidence reported on content validity in the previous study on the 
development of the UP-WMST11, this study assessed the comprehensiveness of the UP-
WMST 2.0 through the analysis of floor and ceiling effects. The results show no floor 
or ceiling effect detectable in our sample and further supports the content validity of the 
measure. Even though no ceiling effect occurred in this study, 15% of our study sample 
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scored in the upper ranges of this test (40 points or more). Youth with more advanced 
WMS may require a different outcome measure9,11.

Construct validity

Independent t-test analysis confirmed our hypothesis regarding age and diagnoses. Youth 
with SB and adolescents scored significantly higher on the UP-WMST 2.0 compared to 
youth with CP and children respectively. Even though the group of adolescents scored 
on average higher than the group of children, their lower and upper UP-WMST 2.0 
limits did not differ much. Similarly, the range in scores between youth with SB and CP 
did not differ much, despite the fact that youth with SB on average scored 9.1 points 
higher. Clinicians should be aware of these large variations in WMS within age groups 
or different diagnoses. Bloemen et al.19 already mentioned possible explanations for the 
variation in wheelchair skill related fitness for children with SB, such as wheelchair 
features, physical factors or propulsion techniques. Sawatzky et al.27 found that speed 
and mechanical effectiveness explained 36% of the variance in wheelchair skills scores in 
adult and children wheelchair users. In adults who use a wheelchair, wheelchair weight17 
and upper-extremity strength28 already showed to have an influence on wheelchair skill 
outcome measures. Future research may provide insight into how these factors contribute 
to WMS in youth.

Responsiveness

On group level we found a 8.3 points improvement, which is a 27% mean relative 
improvement in WMS on the UP-WMST 2.0 after a WMS training program. These 
results show a larger relative improvement compared to the 14% improvement reported 
by Sawatsky et al.9 in six children following a WMS training program. These findings 
show the UP-WMST 2.0 to be sensitive to measure change in this group of participants 
over a 6 month period. On an individual level, participants showed variation in the 
magnitude of improvement. This variation could be due to possible wheelchair or physical 
related factors as mentioned above, different effects of WMS training per participant, or 
lower sensitivity of the UP-WMST 2.0 in some children. The sample size for this portion 
of the study was too small to explore possible explanations for the observed variations. The 
small sample size also made it impossible to determine the Minimal Important Change 
(MIC). The MIC is the smallest change in score of the UP-WMST 2.0 which patients 
perceive as important10. The MIC together with the SDC are very useful parameters for 
clinicians to interpret change in individual UP-WMST 2.0 scores. For use in clinical 
practice, future research with larger samples should examine the MIC and evaluate if 
the UP-WMST 2.0 is sensitive to measure change in a broad sample of youth who use 
a manual wheelchair.
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Strength and limitations
The sample size used in this study is large compared to other studies in youth who 
use a manual wheelchair. The inclusion of a heterogeneous group of participants who 
use a wheelchair leads to an increase in the clinical relevance and generalizability of 
the results of this study10. Moreover, to ascertain clinical relevance, a group of physical 
therapists, occupational therapists and physical education teachers of the Fit-For-The-
Future Consortium20 have been advising the research team through all the phases 
of the development of the UP-WMST 2.0. One of the limitations of this study was 
the use of several test administrators to administer the UP-WMST 2.0. Even though 
the administrators were trained to administer the test according to protocol, it was 
impossible to determine if test administrators had a different influence on the participants’ 
performance. A participant might for example perform differently when the test is 
administered by a familiar therapist compared to an unknown research team member. 
At the same time, this too reflects daily clinical practice and increases the generalizability 
of the results. The interrater reliability of the UP-WMST 2.0 was not assessed in this 
study. Another limitation was the sample size in the responsiveness study. The sample 
size was small due to the set-up of the Let’s Ride pilot study. The results do give a good 
indication whether the test is responsive to measure change on group level, but no general 
statements can be made towards the responsiveness of the UP-WMST 2.0. The results of 
this study show the UP-WMST 2.0 can be used in further research towards wheelchair 
mobility in youth. Furthermore, the average age of the responsiveness group was younger 
than the average age of the total sample. Future research should evaluate the interrater 
reliability and responsiveness of the UP-WMST 2.0 in a larger and slightly older sample. 
Future outcomes of our currently ongoing Let’s Ride study into the responsiveness of 
the UP-WMST 2.0 after a WMS training in a larger sample will give additional valuable 
information about the SDC compared to the MIC. These future outcomes combined 
with the results of this study will make the UP-WMST 2.0 more suitable for use on 
individual level in clinical practice.

CONCLUSION

This study supports the reliability, content validity and construct validity of the UP-
WMST 2.0 to measure WMS in youth who use a manual wheelchair and show 
preliminary evidence that suggests responsiveness to change over a 6 month period. 
Further research is needed to improve the interpretation of UP-WMST 2.0 scores for 
use in daily practice.
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ABSTRACT

Purpose: The objective of this study was to develop a questionnaire to assess confidence in 
wheelchair mobility in Dutch Youth (WheelCon-Mobility Dutch Youth).

Methods: (1) A forward-backward translation process was used to translate the original 
WheelCon-M from English into Dutch. (2) Items related to wheelchair mobility in Dutch 
youth were selected and adapted based on focus groups with youth, parents and health care 
professionals to create the WheelCon-Mobility Dutch Youth. (3) The WheelCon-Mobility 
Dutch Youth and the Utrecht Pediatric Wheelchair Mobility Skills Test 2.0 (UP-WMST 2.0) 
were administered to 62 participants to evaluate internal consistency and construct validity.

Results: Translation and cultural adaptation led to general adaptations in instructions, 
sentence structure and response scale. At the item level, 24 items were included with (n=17) 
and without (n=7) adaptation, 10 items were deleted and 7 new items were included. 
The WheelCon-Mobility Dutch Youth had an excellent Cronbach’s alpha of 0.924 and a 
significant correlation (r = 0.44, p < 0.001) with the UP-WMST 2.0.

Conclusions: This study resulted in the adaptation of the WheelCon-M into the WheelCon-
Mobility for Dutch youth using a manual wheelchair. Our study suggests there is evidence 
supporting the internal consistency and construct validity of the WheelCon-Mobility Dutch 
Youth.

Keywords: WheelCon; wheelchair mobility; youth; translation; validity; confidence
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INTRODUCTION

When looking at physical activity behavior, studies have shown that youth (children 
and adolescents) using a manual wheelchair is more sedentary and less physically active 
than able-bodied peers 1-3 and peers with a disability who are ambulatory 4. In a study of 
Dutch youth using a manual wheelchair, Bloemen et al.5 reported that youth with Spina 
Bifida was approximately 72 minutes physically active on a school day compared to 175 
minutes of physical activity time for typically developing peers.

To improve physical activity behavior in youth with a disability, recent reviews concluded 
that interventions should not only focus on body functions and impairments, but 
also take personal factors, such as confidence, and environmental factors, such as the 
importance of a good assistive device, into account 5, 6. Similarly, two qualitative studies 
7, 8 have described that confidence and wheelchair mobility skills are important factors in 
facilitating participation in physical activity. These results are in line with Bandura’s Social 
Cognitive Theory, where confidence is strongly related to motivation and an important 
factor for changes in behavior 9. Therefore, to improve physical activity in youth using 
a manual wheelchair, confidence-specific targeted interventions and measurement 
instruments need to be developed and implemented.

To the best of our knowledge, there is currently no questionnaire available to assess 
confidence in wheelchair mobility in youth. However, to assess confidence in wheelchair 
use in adults, there are two questionnaires available: the Wheelchair Use Confidence 
Scale for people who use a manual wheelchair (WheelCon-M) 10 and the Self-Efficacy in 
Wheeled Mobility (SEWM) 11. In the literature, the WheelCon-M 10, 12-19 has been reported 
more extensively than the SEWM 11. Measurement properties of the WheelCon-M have 
been studied thoroughly and evidence has shown that the WheelCon-M is a valid and 
reliable questionnaire to measure confidence in wheelchair use in adults 13.

The original WheelCon-M is a self-report 65-item questionnaire on a 101-point response 
scale for English-speaking adults using a manual wheelchair. It measures several areas 
of confidence in wheelchair use including ‘negotiating the environment’, ‘activities 
performed in the wheelchair’, ‘knowledge and problem solving’, ‘advocacy’, ‘managing 
social situations’ and ‘managing emotions’ 12. Studies using the WheelCon-M have 
demonstrated an association between lower confidence in wheelchair use and lower levels 
of participation frequency and life space mobility 10, 19. It stands to reason that there would 
be similar associations in the pediatric population.

The aim of this study was to develop a measure to assess confidence in wheelchair mobility 
among Dutch youth, where confidence in wheelchair mobility is defined as the belief 
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individuals have in their ability to use their wheelchair in a variety of physically challenging 
situations. Specific study objectives were (1) to translate the original WheelCon-M 
into the WheelCon-M Dutch, (2) to select items specific to confidence in wheelchair 
mobility and to culturally adapt these items for Dutch Youth using a manual wheelchair 
(WheelCon-Mobility Dutch Youth) and (3) to evaluate the internal consistency and 
construct validity of the WheelCon-Mobility Dutch Youth.

METHODS

Design
The WheelCon-Mobility Dutch Youth was developed using a three-phase mixed-methods 
design. Phase 1: Translation consisted of a forward-backward translation process. Phase 

2: Item Selection and Cultural Adaptation was accomplished using focus groups. Phase 

3: Baseline results of a larger intervention study were used for the Evaluation of Internal 

Consistency and Construct Validity. The Medical Ethics Committee of the University 
Medical Center Utrecht, the Netherlands, approved the study procedures (15-136). All 
participants provided informed consent.

Phase 1: Translation
For the translation of the original WheelCon-M from English into Dutch we used the 
Translation and Cultural Adaptation of Patient Reported Outcomes Measures–Principles 
of Good Practice guidelines 20, the same method used by Rushton et al. 15 who translated 
the original WheelCon-M into French. This method consists of nine steps.

In step one, the translation team was assembled which consisted of: three members (MS, 
OV and JdG) whose first language is Dutch and second language is English, who live 
in the Netherlands and who have a background in the subject area of pediatric manual 
wheelchair users; one member (TS) who is a native English speaker with Dutch as 
his second language who has lived in the Netherlands for 17 years; and one Canadian 
member (PWR) whose first language is English, with extensive expertise in wheelchair 
confidence being the developer of the original WheelCon-M. The second step involved 
independent forward translations from English into Dutch by two team members (MS 
and OV). For the third step, both forward translations were compared and discrepancies 
were resolved through consensus by the Dutch members of the team. The fourth step was 
a parallel back translation from Dutch into English by two team members (JdG and TS). 
In step five, the back translation was compared to the original version by the Canadian 
researcher and discrepancies were resolved through consensus by the research team. Steps 
six to eight, the harmonization, cognitive debriefing and review of cognitive debriefing 
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were not included as part of this study. Step nine, proofreading of the Dutch translation of 
the WheelCon-M was conducted by the Dutch team members in preparation for Phase 2.

Phase 2: Item Selection and Cultural Adaptation
Participants

Purposive sampling was used to recruit health care professionals / educators, children 
who use a manual wheelchair (aged 6 to 12) and their parents, adolescents who use 
a manual wheelchair (aged 13 to 18) and their parents. Health care professionals / 
educators were eligible to participate if they were an OT, a PT, a physical education 
teacher, a pediatric psychologist or an independent wheelchair mobility skills trainer 
(educator) with over 3 years of experience working with youth who use a wheelchair. 
They were recruited from two rehabilitation centers (De Hoogstraat and Merem) in the 
Netherlands and from a company (K-J projects) that teaches wheelchair mobility skills 
trainings in the Netherlands. Youth were eligible to participate if either their parents or 
their health care professional thought they were capable of speaking about confidence in 
wheelchair mobility, used their wheelchair for more than one year and for more than 4 
hours on a daily basis. They were recruited through local physiotherapists at the same two 
rehabilitation centers from where the health care professionals were recruited or through 
the Let’s Ride database, a database of youth using a manual wheelchair who previously 
participated in research of the Research Group of Lifestyle and Health and consented to 
being contacted again. Parents were recruited through their corresponding participating 
child. The ability to speak in Dutch and to participate in a focus group were eligibility 
criterion for all participants.

Procedure

Five focus groups were held with the health care professionals / educators (n=1), children 
(n=1), adolescents (n=1) and parents (n=2). Each focus group was conducted by an 
experienced moderator and assistant moderator using a stakeholder-specific focus group 
guide. The aim of the session with health care professionals / educators was to discuss (1) 
children’s ability to understand the term ‘confidence’, (2) identify general adaptations of 
the WheelCon-M Dutch translation for Dutch youth, (3) discuss on item level selection 
of items related to wheelchair mobility and (4) determine relevancy of selected items for 
Dutch youth. Prior to this focus group, participants received a demographic questionnaire, 
a brief overview of the study rationale and the translated WheelCon-M. Participants were 
asked to review in advance the translated WheelCon-M and to prepare to discuss aims 
3 and 4 (described above). The focus groups with children, adolescents and parents 
were conducted with the aims of (1) discussing children’s ability to understand the term 
‘confidence’ and (2) to identify additional relevant items for measuring confidence with 
wheelchair mobility, which are not yet included in the WheelCon-M Dutch translation. 
Prior to these focus groups, the parents received a demographic questionnaire and a 
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brief overview of the study rationale. Parents and youth did not receive the translated 
WheelCon-M to assure an unbiased opinion about relevant topics on confidence in 
wheelchair mobility. All focus groups were audio recorded and transcribed verbatim.

Data analysis

Two independent researchers analyzed the transcripts of the focus groups using a content 
framework approach 21. Data from the focus group with health care professionals /
educators were coded according to the four aims of the session. Segments of the focus 
groups with youth and their parents were coded as ‘definition of confidence’, ‘existing 
items from the WheelCon-M’ or as ‘new items’. Differences in coding were resolved 
through discussion between three Dutch team members (MS, OV, JdG) until consensus 
was reached. After analysis of the focus group with health care professionals/educators 
and the analysis of the combined four focus groups with youth and their parents, both 
results were combined to decide if an item was relevant for assessing wheelchair mobility 
in Dutch youth. When an item was deemed less relevant by health care professionals 
/ educators and not mentioned by youth or their parents it was considered to be 
irrelevant for Dutch youth. The results were discussed in the research group, which led 
to the adaptation of the WheelCon-M into the WheelCon-Mobility Dutch Youth. The 
WheelCon-Mobility Dutch Youth was digitalized in an online survey program for ease 
of administration using a tablet in phase three of this study.

Phase 3 Internal consistency and construct validity
Participants

This phase of the study was part of an ongoing larger intervention study evaluating 
the effectiveness of a wheelchair mobility skills training program for youth attending 
rehabilitation centers and schools for special education in the Netherlands (trialregister.
nl, registration number NTR5791). A convenience sample of participants was recruited 
by local physiotherapists and occupational therapists in the participating rehabilitation 
centers / schools for special education (n=6). To be included in this study, participants 
needed to be: between 7-18 years of age, (bimanual) wheelchair user on a daily basis, able 
to understand the spoken Dutch language and be able to understand simple instructions. 
Participants were excluded if they had undergone a medical intervention during the 
previous six months that could have affected the intervention study outcomes (e.g., 
botox-injections).

Outcome Measures

The resulting WheelCon-Mobility Dutch Youth developed in phase 2 (figure 1 and 
appendix 1) was used in phase 3 for assessment of internal consistency and construct 
validity.
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The Utrecht Pediatric Wheelchair Mobility Skills Test 2.0 (UP-WMST 2.0) 22, 23 is a 
recently developed and validated objective, performance-based measure of wheelchair 
mobility skills for children and adolescents using a manual wheelchair. It consists of 15 
items, such as propulsion forward/backward, turning, holding a wheelie and ascending 
and descending slopes and platforms. The total score may range from 0 to 51, with a higher 
score representing more advanced wheelchair mobility skills 23. We hypothesized that the 
WheelCon-Mobility Dutch Youth would have a positive low-moderate correlation (r = 
0.3-0.7) with the UP-WMST 2.0, given that wheelchair mobility skills and wheelchair 
confidence in the adult population have demonstrated a positive, moderate correlation 19.

FG = Focus group, WheelCon-Mobility Dutch Youth = Wheelchair Mobility Confidence scale for Dutch youth

Figure 1. Results of  adaptation of  WheelCon-M into WheelCon-Mobility Dutch Youth in Phase 1

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

WheelCon-Mobility 

Dutch Youth 

(n = 31) 

 

General adaptations for use in youth: 

- Definition of confidence 

- Outcome parameter 

- Sentence structure 

 

Is the item from WheelCon-M 

(n=65) relevant for assessing 

confidence in wheelchair mobility   

Item deleted 

No 

(n=31) 

Yes (n = 34) 

Is the item relevant 

for Dutch youth?   

Item deleted 

Dutch weather (n=6) 

Less relevant (n=4) 
No  

Yes (n = 24) 

Adaptation 

 (n = 17) 

No adaptation  

(n = 7) 

FG Health care professionals 

Item adaptation 

for use in youth 

n=24 

FG Children, adolescents and parents 

 

 

 

 

 

 

General adaptations for use in 

youth: 

- Definition of confidence 

 

Existing item 

(n= 22) 

Discussion about 

confidence in 

wheelchair mobility 

New item 

(n=7) 

Combination of all FG 

Wheelchair mobility confidence scale for dutch youth using a manual wheelchair

C
h

ap
te

r 
4

75



Procedure

All measures were administered at baseline. The WheelCon-Mobility Dutch Youth was 
administered with support from a researcher or research assistant when necessary. The 
UP-WMST 2.0 was administered by a local PT or OT, who had received a four-hour 
training (theory and practice) on how to administer this outcome measure.

Data analyses

Cronbach’s alpha was calculated as a parameter of internal consistency. A Cronbach’s 
alpha of 0.5-0.6 was considered as poor, 0.6-0.7 as questionable, 0.7-0.8 as acceptable, 
0.8-0.9 as good and > 0.9 as excellent 24.

For construct validity we visually checked if the data were normally distributed using 
histograms, QQ-plots and assessed normality using the Kolmogorov-Smirnov Test. 
Consecutively, we analyzed the linearity of the data graphically by scatterplots. Depending 
on the normality of the data, Pearson correlation coefficients or Spearman correlation 
coefficients were used to calculate the correlation. Low correlation was defined as r = 0.3-
0.5, moderate correlation as r = 0.5 – 0.7, high correlation as r = 0.7 – 0.9 and excellent 
correlation as r = 0.9 – 1.0 24. Finally, we assessed if there was a change in correlation 
between the WheelCon-Mobility Dutch Youth and the UP-WMST 2.0 when corrected 
for age.

RESULTS

Phase 1: Translation
The translation of the WheelCon-M from English to Dutch revealed some important 
topics. As the research team felt the concept of confidence is difficult to understand, 
especially for children, they decided it was an important topic that had to be discussed 
during the focus groups. In addition, adjustment to Dutch standard building codes of 
items regarding ramps, slopes or curbs were considered. Because the degrees and heights 
of the ramps, slopes and curbs are similar in Canada and the Netherlands no adjustments 
were necessary.

Phase 2: Item Selection and Cultural Adaptation
Seven participants took part in the health care professional / educator focus group. 
Participant characteristics are presented in table 1. In terms of aim (1), minimal age to 
understand concept of confidence, after discussion consensus was reached that at eight 
years of age a child with normal cognitive function would be able to understand the 
concept of confidence and independently complete the questionnaire. This decision 
was based on the expert-opinion of the pediatric psychologist. Furthermore, the health 
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care professionals suggested that “confidence” should be clearly defined at the beginning 
of the questionnaire in simple and concrete language. In terms of aim (2), general 
adaptations, participants suggested to modify the original 101-point response scale, as 
this was considered too complicated for younger participants. Consensus was reached 
about using a 5-point scale ranging from 1 (no confidence) to 5 (very high confidence). It 
was proposed that the scale be visually supported by 5 circles in ascending size, from small 
(no confidence) to big (very high confidence). Furthermore, the appropriateness of the 
sentence structure for youth was discussed. This discussion led to adjustment of the stem 
to make it grammatically correct in Dutch and to include the words ‘independently’ and 
‘safely’ to remind the participants the items are about an independent performance. To 
visually support the questions and to make it easier for youth to understand and answer 
the questions, participants advised to include photos. As a result, the research team added 
photos to 15 items (appendix 1).

In terms of aim (3), relevance to wheelchair mobility, only the items in the domain 
“negotiating the environment (n=34)” were deemed relevant for assessing confidence in 
wheelchair mobility among Dutch youth. The other items (n = 31) from the WheelCon-M 
are related to other aspects of wheelchair use. In terms of aim (4), relevance for Dutch 
youth, five items were deemed not relevant in Dutch weather conditions. Twenty-nine 
of the items in the domain “negotiating the environment” were considered relevant for 
youth. However, when discussing the importance of making the questionnaire as short 
as possible for youth, some items were deemed less relevant (n = 5) and could possibly 
be removed from the questionnaire.

Table 1. Characteristics of  participants of  focus group in phase 2

Youth (n=8) Parents
(n=9)

Health care professionals/
educator
(n=7)

Age (mean (range)) 12 (8-17) 45 (41 – 52) 36 (25-59)

Sex (M/F) 5/3 2/7 3/4

Diagnosis/profession 2 Cerebral Palsy
6 Spina Bifida

1 pediatric psychologist
2 occupational therapists
2 wheelchair skills trainers
2 pediatric physical therapists

Wheelchair/working experien-
ce (years(range))

8 (6 – 15) 11 (3-19)

Sports participation
(yes / no)

6/2

Type of education 8 regular education
1 special education
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Demographic characteristics of the participants in the four focus groups with children (n 
= 5), adolescents (n = 3) and parents (n = 3 and n = 6) are presented in Table 1. Data from 
these focus group transcripts were analyzed according to children’s ability to understand 
the term confidence (aim 1) and items to measure confidence with wheelchair mobility 
(aim 2). In terms of aim (1), participants gave different descriptions and suggestions 
on how to explain confidence to a child. For aim (2), participants in these focus groups 
identified 22 items that were already present in the WheelCon-Mobility Dutch Youth 
and 7 new items, including cross a busy street without a crosswalk or traffic light, cross 
over a road with a 5° incline, move wheelchair down 3 steps, move wheelchair up and 
down an escalator, propelling the wheelchair without anti-tipping wheels and performing 
a wheelie.

These results were combined with the outcome of the focus group with health care 
professionals / educators. All items that were deemed less relevant (n = 10) by health care 
professionals / educators were not mentioned in the focus groups with youth and their 
parents. Therefore, these items were deleted from the questionnaire. This process led to 
a total of 31 items in the WheelCon-Mobility Dutch Youth, with a minimal score of 31 
and a maximal score of 155.

Phase 3 Internal consistency and construct validity
The characteristics of the 62 participants included in this phase of the study are presented 
in table 2. Four participants were unable to complete the questionnaire due to cognitive 
disabilities and thus their data was removed from the analyses. The remaining 58 
participants, with a mean age of 13 years, completed the WheelCon-Mobility Dutch 
Youth with a mean score of 109 (SD 22, range 55-154) in 15-25 minutes. The WheelCon-
Mobility Dutch Youth and UP-WMST 2.0 (mean 31.4, standard deviation 10.1) data 
were normally distributed.

Table 2. Characteristics of  participants in phase 3

Participants (n=58)

Age 13.0 (SD 3.3 range 7.1-18.8)

Sex 34 boys, 24 girls

Diagnosis 23 Cerebral Palsy
10 Spina Bifida
8 Neuromuscular Disease
15 Other 

Progressive disorder 47 no
11 yes

Wheelchair experience (years) 8.4 (mean 4.0, range 1-15)

Level of education 37 No learning problems
21 Mild or severe learning problems
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Cronbach’s alpha of the 31-item WheelCon-Mobility Dutch Youth was excellent (0.924). 
Analyzing “Cronbach’s alpha if item deleted” showed that no items needed to be deleted.

Figure 2 shows the scatterplot of the correlation between the WheelCon-Mobility Dutch 
Youth and the UP-WMST 2.0 with the confidence interval. Table 3 shows the correlations 
of the WheelCon-Mobility Dutch Youth with the UP-WMST 2.0. We found a positive 
correlation between the WheelCon-Mobility Dutch Youth and the UP-WMST 2.0 (r = 
0.44, p <0.001). No changes in significance of correlations were found when corrected 
for age (r= 0.43, p< 0.001).

DISCUSSION

To the best of our knowledge, this is the first study reporting on an outcome measure to 
assess confidence in wheelchair mobility in youth using a manual wheelchair.

An important consideration in phase 2 of this study was the ability of youth to understand 
the concept of confidence and answer questions about their own confidence. Our finding 

Figure 2. Scatterplot of  the Wheelchair Mobility Confidence Scale for Dutch Youth (WheelCon-
-Mobility Dutch Youth) and the Utrecht Pediatric Wheelchair Mobility Skills Test (UP-WMST 
2.0) with the confidence interval.
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of a minimum age of 8 years is in line with evidence from the literature, where a child 
with normal cognitive abilities should be able to understand the concept of reflection 
and comparing themselves to peers at the age of 7-8 years old 25, 26. Several adaptations 
were made in the WheelCon-Mobility Dutch Youth to increase the understanding of 
the question (photos) and answer options (five point response scale) for youth. These 
adaptations are similar to the use of examples and 5-point Likert Scale in a Quality of 
Life Questionnaire for people with an intellectual disability 27. Given these adaptations 
for youth, one should keep in mind that decreased cognitive abilities may affect the 
ability to complete the WheelCon-Mobility Dutch Youth. Our advice is to accompany 
a child when administering the WheelCon-Mobility Dutch Youth, to allow a child to 
ask clarification if needed. A similar method is used in the administration of the Self 
Perception Profile for Children in young children at kindergarten level 28. However, even 
with adult support four children (aged 10-12 years old) with severe learning problems 
out of the 17 participants with mild to severe learning problems in phase 3 of this study 
were unable to complete the WheelCon-Mobility Dutch Youth. Future research, by using 
a think-aloud process, may give more insight into how children, and specifically children 
with decreased cognitive abilities understand and answer items regarding confidence. This 
may lead to further refinement of the questionnaire or development of proxy reports by 
parents.

Another aim of this study was to select items related to wheelchair mobility. The selection 
of these items based on the qualitative results of the focus groups are in line with the short-
form list of items selected through a Rasch analyses of the WheelCon-M 10, contributing 
to the content validity of this questionnaire. Interestingly, most of the wheelchair mobility 
items from the existing questionnaire for adults were deemed relevant for youth. These 
results are similar to the development of the UP-WMST, were most of the wheelchair 
mobility skills for adults were also relevant to assess in youth and show that youth 
encounter similar barriers when negotiating their wheelchair 22. There are however some 
important basic additions specifically for youth in this questionnaire, such as propelling 
the wheelchair without anti-tippers, and performing a wheelie, which is also in line 
with the development of the UP-WMST 2.0, where more basic skills were included in 
a wheelchair mobility skills test for youth 22. Surprisingly, there was also the addition 
of more advanced wheelchair mobility related items, such as going up and down an 
escalator. It was not possible to distinguish from this data, if the use of an escalator with 
a wheelchair might be more relevant for the Dutch situations or for youth specifically. 
Further research towards validating the WheelCon-M in the Dutch adult population, 
could give more insight.

Furthermore, this study shows similar evidence towards internal consistency (Cronbach’s 
alpha 0.92) of the WheelCon-Mobility Dutch Youth as the original WheelCon-M and 
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translated versions of the Wheelcon-M (Cronbach’s alpha 0.92-0.98) 12, 14, 15. Deletion of 
items did not lead to a higher Cronbach’s alpha and this finding supports the inclusion 
of all current items. Nevertheless, the current time to complete the questionnaire is 15-
25 minutes and future research using Rasch analyses in a larger sample size could lead 
to further adaptation of the WheelCon-Mobility Dutch Youth into a short form as has 
been done in the adult English 10 and Italian version 14.

For evidence regarding construct validity, we confirmed our hypotheses regarding a 
significant low to moderate positive correlation (r

s
=.44) between the WheelCon-Mobility 

Dutch Youth and the UP-WMST 2.0 23. The strength of this correlation was lower than 
the correlation reported in adult manual wheelchair users (r=0.52) 19. A lower correlation 
in youth could possibly be explained by a larger overestimation of their own capabilities 
compared to adults 26. When looking at the distribution of scores in this study, there were 
four participants who had a high confidence in performing wheelchair mobility skills, 
but a low capacity of performing skills. Interestingly, these conflicting scores were also 
found in adult wheelchair users 19. It is therefore important to asses both the confidence 
in wheelchair mobility and the wheelchair mobility skill level in youth in clinical practice.

Strengths and limitations
Collaborating with the original developer of the WheelCon-M and the use of the 
Translation and Cultural Adaptation of Patient Reported Outcomes Measures 20 during 
translation from English to Dutch were strengths in our research. Furthermore, we used 
qualitative research with a variety of stakeholders, including health care professionals, 
parents and youth in order to decide which adjustments should be made for the youth 
version. In addition, a sample size of 58 youth for quantitative analyses was larger than 
the sample size used in the Italian 14 and French translation 15. The evidence for internal 
consistency and construct validity was proven in a heterogeneous sample, with different 
diagnoses, ages and learning difficulties. The heterogeneity of this sample is a good 
representation of the Dutch youth who use a manual wheelchair in daily life, supporting 
the use of this outcome measure in clinical practice. The design of the focus groups 
with children, adolescents and parent ascertained an open mind, but this also made it 
impossible to check if all items together reflect the whole topic of confidence in wheelchair 
mobility in youth. Further research into the structure of the WheelCon-Mobility Dutch 
Youth using a factor analyses is necessary to confirm if these original, adapted and new 
items belong to the same domain of confidence in wheelchair mobility in youth. Due 
to our research design of the larger ongoing study, we were not able to analyze the test-
retest reliability and therefore we were not able to look at agreement and measurement 
error. Although the original and translated versions do show good test-retest reliability, 
it would still be recommended to study test-retest reliability of this adapted version of 
the WheelCon-Mobility Dutch Youth14, 15.
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CONCLUSION

This study resulted in the adaptation of the WheelCon-M into the WheelCon-Mobility 
for Dutch Youth using a manual wheelchair. It shows positive evidence towards internal 
consistency and construct validity of the WheelCon-Mobility Dutch Youth. Future 
studies should lead to further refinement of the WheelCon-Mobility Dutch Youth, assess 
test-retest agreement and measurement error. In clinical practice, it is important to assess 
confidence in wheelchair mobility and the capacity of performing a wheelchair mobility 
skill to choose the most appropriate treatment method.
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ABSTRACT

Purpose: The ability to objectively assess physical activity in people using a manual wheelchair 
is important for both clinical practice and research. It remains unclear whether the Activ8 is 
valid for youth using a manual wheelchair.

Methods: The aim of this study was to assess the criterion validity of the Activ8 (1) to detect 
‘active wheelchair use’ and (2) to distinguish six types of wheelchair activities using video 
recordings as a gold standard. Ten participants (10-18 years old) who use a manual wheelchair 
were included.

Results: Criterion validity for detecting ‘active wheelchair use’ showed a relative time 
difference of 7.4%, agreement of 96%, sensitivity of 98.3% and positive predictive value 
of 90%. Results for distinguishing six types of wheelchair activities showed an agreement of 
73%, sensitivity of 67.1% and positive predictive value of 65.5%.

Conclusions: The Activ8 is able to detect ‘active wheelchair use’ in youth using a manual 
wheelchair. Further development of the algorithm is necessary to distinguish between different 
types of wheelchair activities.
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INTRODUCTION

The ability to objectively assess physical activity (PA) is important to determine whether a 
person meets the PA guidelines and whether programs aimed at improving PA in clinical 
practice are indicated and effective in people using a manual wheelchair. Especially in 
children, objective assessment is preferred over subjective assessment as their PA mainly 
consists of repeated brief bouts which is difficult to accurately report in questionnaires 
1–4. Moreover, a recent systematic review 5 showed there was no evidence for validated 
questionnaires and advised to use objective assessments in youth using a manual 
wheelchair.

The same systematic review6 reported on the criterion validity of commercially available 
activity monitors in people using a manual wheelchair and found several devices to be 
valid for detecting intensity of PA, type of PA or both in people using a wheelchair. 
However, there are still some challenges to overcome before activity monitors can be 
broadly applied in research or clinical practice 5,7. For example, data was mainly collected 
in a laboratory setting, limiting the external validity of activity monitors. Furthermore, 
the installation, analysis and interpretation of results was complex, limiting the feasibility 
in clinical practice 7. Moreover, selection of an appropriate device to measure PA depends 
on the population for which it was developed and validated. The predictive models used 
in the development of activity monitors are based on the data of the sample used and 
therefore only valid in a similar population, which was primarily adult wheelchair users 
with a spinal cord injury 6–9. For youth, congenital disorders such as cerebral palsy and 
Spina Bifida are more common diagnosis that lead to using a manual wheelchair10,11. More 
research towards the validity of activity monitors in youth using a manual wheelchair is 
required 5,12.

There are likely to be differences between youngsters and adults in types of activities 
and in movement patterns for wheelchair propulsion, for example due to a different 
ratio of arm length/wheelchair size. Of all the commercially available activity monitors, 
only the Vitamove 13 was validated in youth using a manual wheelchair. However, the 
costs, the complex data analysis, size (4 x 8 x 1,5 cm) and measurement burden of 
wearing three body fixed devices (two on wrists, one on sternum) makes the Vitamove 
less feasible for use in clinical practice 14. For the appliance of accelerometers in youth, 
Jang et al. 4 suggested to use no more than two small wearable devices. For detection 
of ‘active wheelchair user’, the combination of two monitors is necessary to distinguish 
between active wheelchair activities, such as propelling the wheelchair at normal speed 
or maneuvering, and non-propulsive wheelchair activities, such as being pushed around 
i.e. movement of wheel and minimal movement of wrist, or using a laptop i.e. movement 
of wrist and no movement of wheel 15.

The criterion validity of  the Activ8 to measure physical activity in youth using a wheelchair

C
h

ap
te

r 
5

91



The Activ8 meets these criteria with the combination of one monitor attached at the 
wrist and one monitor on the wheel. The Activ8 Activity monitor (2M Engineering Ltd., 
Valkenswaard, The Netherlands) is a small, lightweight triaxial accelerometer (3.0 x 3.2 x 
1.0 cm), which is relatively inexpensive and has a short Epoch data collection window (5 
seconds). Data analysis is simple which makes it suitable for use in research and clinical 
practice16,17. Moreover, the Activ8 has already successfully been used in ambulatory 
youth with a physical disability, where it was found valid for detecting type of PA 17. 
In adult able-bodied wheelchair users, the Activ8 has been found valid for detecting 
‘active wheelchair use’18. Whether the Activ8 is also able to detect ‘active wheelchair use’ 
in youth using a manual wheelchair remains unclear. At the same time, Leving et al. 
18 found the Activ8 not valid for distinguishing different types of wheelchair activities 
such as ‘maneuvering’ and ‘driving fast’ and suggested future research should be aimed at 
improving the accuracy of the algorithm of the Activ8. Therefore, the aim of this study 
was to assess the criterion validity of the adapted algorithm of the Activ8 to (1) detect 
‘active wheelchair use’ and (2) to distinguish between six different types of wheelchair 
activities in youth using a manual wheelchair.

METHODS

Participants
Participants were recruited through a research database of a larger research group (Fit-
for-the-Future consortium) in the Netherlands, which included research in youth with 
Spina Bifida and research in youth with a chronic disability. Participants were included if 
they used a wheelchair for daily mobility, were able to perform the wheelchair activities in 
the activity protocol, able to understand the instructions and if they were 10 to 18 years 
old. Participants were excluded if they used a power wheelchair. In total, ten participants 
who used a wheelchair for daily mobility were included in this study. Sample size was 
based on the number of participants in comparable studies13,16,17,19. In line with Dutch 
laws, participants over twelve years old and all parents gave written informed consent.

Ethics approval
The study was approved by the Medical Ethical Committee of the Erasmus MC University 
Medical Center, Rotterdam, the Netherlands (MEC number: MEC-2013-404). The 
study was conducted in accordance with the principles of the Declaration of Helsinki 
(www.wma.net) and in accordance with the Medical Research Involving Human Subjects 
Act (WMO).
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Testing procedure
The semi-structured activity protocol was executed by participants in a natural 
environment (home or school environment). The protocol was based on earlier research 
and consisted of eight basic activities and seven complex activities that each lasted 90 
seconds (table 2) 8,18,20. A basic activity was defined as an activity consisting of a single 
body posture or movement, for example wheelchair propulsion. A complex activity was 
defined as a combination of postures and movements of short duration. For instance, a 
ball game could consist of both driving (normal speed) and non-driving (sitting). The 
basic and complex activities in this protocol are representative of the everyday life of 
youth using a manual wheelchair 13. Participants were asked to perform each activity 
in their own manner and interim rest periods were allowed. The total duration of the 
measurement time was approximately 45 minutes.

Activ8 activity monitor
One Activ8 monitor was placed on the dorsal side of the right wrist with Tegaderm 
(3M) skin tape to ensure a fixed position on the wrist (Figure 1)18. The second Activ8 
monitor was attached with tape as close as possible to the axle of the right wheel18. The 
raw acceleration signals (12.5Hz) of each monitor were filtered with an exponential 
moving average filter and converted to counts. A build-in algorithm produced predefined 
postures and movements for an upright population based on counts and orientation of 
the monitor, which were summated and stored on the monitor in epochs of 5 seconds16,18.

Reference method
The gold standard was observation through video recording made with a handheld digital 
video camera of every participant by a trained research assistant. Camera positions were 
adapted to the movement of the participant to ensure visibility of the motion of the 
right wrist and right wheel of the wheelchair. The activities from the activity protocol 
on the video were independently scored by two trained researchers with an epoch of five 
seconds (same interval as Activ8) for each participant13,21. During complex activities, 

Figure 1. Placement of  Activ8 on wheel and wrist

The criterion validity of  the Activ8 to measure physical activity in youth using a wheelchair

C
h

ap
te

r 
5

93



multiple activities can be performed during one epoch. As a ball game, the participant 
propelled and manoeuvred the wheelchair within one epoch of five seconds. The type 
of wheelchair activity with the longest duration during those five seconds determined 
the score of that five second epoch. A similar method was used for determining type of 
wheelchair activity per five second video observation. Thereafter, the five second Activ8 
epochs were synchronized with the five second video data.

Algorithm for activity classification
Similarly to Leving et al.18 the classification of activities was based on combining the 
synchronized vector counts of the wrist and wheel sensor using a custom written Matlab 
algorithm to automate the process of assigning a class to a given 5s epoch interval. 
This algorithm has been previously developed with data of wheelchair users and able 
bodied individuals18. In this study ’Active wheelchair use’ is a grouped category that 
consists of: ‘wheelchair propulsion normal speed’, ‘wheelchair propulsion fast speed’ 
and ‘maneuvering’ (momentary movement such as a twist). The three other types of 
wheelchair activities: ‘assistive driving’ (being pushed around), ‘sitting sedentary’ and 
‘sitting active’ are grouped in a ’non-propulsive wheelchair use’ category.

In this study, the algorithm was adapted for youth based on the data of two at random 
selected participants, i.e. the activity count thresholds between classes for the wrist and 
wheel sensor were adapted. Average counts for both wrist and wheel for each class were 
considered as range midpoints and thresholds as midpoints between ranges.

Data analysis
The criterion validity was defined as ‘the degree to which the scores of a measurement 
instrument, in this case the Activ8, are an adequate reflection of a gold standard, in this 
case observation through video recordings 22. The primary aim of this study was to assess 
the absolute and relative time difference, agreement, sensitivity and positive predictive 
value of the adapted algorithm of the Activ8 to detect ‘active wheelchair use’ compared to 
observations through video recording in youth using a manual wheelchair. Comparisons 
were made for every 5 second Epoch window.

 • Absolute (seconds) and relative (percentage) time difference between the Activ8 and 
video recording in the total duration of ‘active wheelchair use’ was determined per 
participant.

 • Agreement was calculated per participant as the proportion of time the Activ8 
identified ‘active wheelchair use’ correctly as identified by observation through video 
recording.

 • Sensitivity was calculated per participant as: (correct detection of ‘Active wheelchair 
use’ by Activ8)/ (correct detection of ‘Active wheelchair use’ by video)* 100[23].
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 • Positive predicted value was calculated per participant as: (correct detection of ‘Active 
wheelchair use’ by Activ8)/(total detection of ‘active wheelchair use’ (correct and 
incorrect) by Activ8)*100[23].

The secondary aim of this study was to assess the absolute and relative time difference, 
agreement, sensitivity and positive predicted value between the adapted algorithm of the 
Activ8 and video recordings for six types of wheelchair activities (sitting sedentary, sitting 
active, assisted driving, normal driving, fast driving, manoeuvring).

The mean and range of absolute and relative time differences and agreement and the mean 
sensitivity and positive predicted value were calculated for detection of ‘active wheelchair 
use’ and six types of wheelchair activities in the total sample. Relative time differences of 
less than 10% were considered acceptable, which is similar to other similar studies 13,15,18. 

Table 1: Characteristics of  the participants.

Participant Gender Age (y) Diagnosis Weight (kg) Length (m)

Criterion validity 1 Female 14 SB, FMS 1 52 1.62

2 Female 11 SB, FMS 1 50 1.50

3 Female 18 SB, FMS 1 52 1.85

4 Male 12 SB, FMS 2-2-1 28 1.43

5 Female 14 SB, FMS 1 69 1.64

6 Female 10 SB, FMS 1 47 1.41

7 Female 15 SB, FMS 1 68 1.53

8* Male 10 CP, FMS 2-1-1 60 1.58

Adaption of algorithm 1 Female 18 SB, FMS 1 63 1.77

2 Male 16 SB, FMS 1 67 1.53

SB = Spina Bifida; FMS = Functional Mobility Score, CP = Cerebral Palsy, * Missing data criterion validity 
due to wheelchair malfunction.

Table 2: The semi-structured activity protocol

Basic activities Complex Activities

Sitting Slalom

Slouched sitting Ball game

Driving slow Dribbling

Driving normal Table covering

Driving fast Handcrafting

Assistive driving Reading

20 meter driving at preferred pace Transfer

Hand-biking

The criterion validity of  the Activ8 to measure physical activity in youth using a wheelchair
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Values for agreement, sensitivity and positive predicted value were considered excellent 
when more than 90%, good when 80% to 90%, moderate when 70% to 80% and weak 
when less than 70% 13,15,18.

RESULTS

A total of ten participants aged 10 to 18 years old were included in this study (Table 1). 
One participant was unable to perform the activities in the protocol due to wheelchair 
malfunction and therefore not included in data analysis. Data of two participants were 
used for adaptation of the algorithm and therefore excluded from analyses of criterion 
validity. All activities in the activity protocol were performed by all participants, except 
for handbiking where two participants did not have a handbike and were therefore unable 
to perform this activity.

1. Active wheelchair use
For the detection of ‘active wheelchair use’ the relative time difference between the video 
and Activ8 was 7.4% with an agreement of 96% (standard deviation 2.1%; range 93-
100%), sensitivity of 98.3% and positive predicted value of 90.0% (Table 3).

2. Six types of wheelchair activities
The relative time difference between the video and Activ8 in distinguishing six types 
of wheelchair activities was >10% for all activities. The overall agreement was 73% 
(standard deviation 8.5%; range 59-86%) (Table 4). Absolute time difference, sensitivity 
and positive predictive value are described in Table 4.

DISCUSSION

The primary aim of this study was to evaluate the criterion validity of the Activ8 to 
detect ‘active wheelchair use’ in youth using a manual wheelchair. The results of our 
study indicate that the Activ8, with the newly adapted algorithm for youth, appears to 
be valid for detecting ‘active wheelchair use’ with an excellent agreement, an acceptable 
small relative time difference, excellent sensitivity and positive predictive value.

The results for criterion validity of the adapted algorithm Activ8 are more accurate than 
the results reported by Leving et al.18, who reported moderate to good levels of agreement, 
sensitivity and positive predicted value in able bodied adults using a wheelchair. A possible 
explanation for the higher agreement found in our study could be the adapted algorithm 
used. For the wheel sensor, the threshold for activity counts between ‘sitting sedentary/
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active’ and ‘maneuvering’ was three times higher compared to Leving et al.18, resulting in 
less overestimation of ‘active wheelchair use’. These results together with the low costs of 
the device and easy to use software make the Activ8 an appropriate device for measuring 
the frequency and duration of ‘active wheelchair use’ in youth using a manual wheelchair. 
This information can be used in clinical practice to measure the time spent in ’active 
wheelchair use’ in daily life, to evaluate the effectiveness of tailored interventions aimed 
at increasing ‘active wheelchair use’ or to give tailored advice on how active (duration) 
clients use their wheelchair and how this activity is distributed (frequency) over the day 
or weekend 14. For example, if playing during school breaks or leisure time after school is 
mostly classified as non-propulsive wheelchair use (i.e. ‘sitting sedentary/active or ‘assisted 
driving’), physiotherapy can be aimed at stimulating active play on the playground at 
school or near their home to pursue healthy active behavior.

Stimulating active play could possibly be enhanced with a real-time feedback function 
on PA goals 24. Regrettably the Activ8 does not have a real-time feedback option for 
wheelchair users yet, while this is already available for ambulatory persons.

A secondary aim was to assess the criterion validity of the Activ8 to distinguish six types 
of wheelchair activities. Even though there was a moderate agreement of 73% (range 
59-86%), there were large relative time difference between the observations through 
video recording and Activ8 measurements. Sensitivity and positive predictive value 
values were also weak, indicating that the adapted algorithm of the Activ8 is not able 
to distinguish six different types of wheelchair activity accurately. In this study, the 
largest error of misclassification between the Activ8 and video recording was found for 
‘maneuvering’ which appeared to have a large relative time difference and low values 
of sensitivity and positive predicted value. This was partly due to the low amount of 
time spent maneuvering the wheelchair in the used protocol, but also due to challenges 
in classifying this type of wheelchair activity correctly 13,18. Another misclassification 
was found for distinguishing ‘driving fast’ from ‘driving normal’. For several basic and 
complex activities we found an overestimation of ‘driving fast’ and an underestimation 
of ‘driving normal’. In ambulatory youth with or without a disability the Activ8 also 
overestimated running and underestimated walking17. This shows that there are large 
individual differences between angular speed of movement in ambulatory and wheelchair 
using youth, which are difficult to correctly classify with set threshold values for activity 
counts between classes. A possible solution for this problem is an individual calibration 
with the development of algorithms that correct for differences in individual movement 
speed.

These results are similar to other studies using the Activ8 in different populations 17,18,20, 
commercial available monitors in adult wheelchair users 5,25 and to a study of Nooijen 
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et al. 13 in youth using a manual wheelchair using three large body-fixed monitors (the 
Vitamove). While accelerometers are valid for detecting grouped activities, there is 
misclassification when aiming to distinguish different types of wheelchair activities 5,9,25.

There is a limited amount of research towards assessing objectively measured physical 
activity in youth using a wheelchair 6,12, therefore results from this study offer valuable 
information for this population. One of the strengths of this study, was the selection of 
a small accelerometer that is feasible to use in clinical practice and is already validated 
in ambulatory youth with a physical disability17. Youth with cerebral palsy11 or Spina 
Bifida10 use different methods of mobility depending on the severity of the disorder 
and can be ambulatory indoors while using a wheelchair outdoors. Although further 
research is necessary, the Activ8 seems to be a promising tool for simultaneously assessing 
ambulatory and wheelchair activities in youth with a disability. Another strength was the 
use of an activity protocol in the natural environment increasing the validity of the Activ8 
in real life. Further research in sports, recreational and free-living activities is necessary 
to improve the generalizability of the results9.

The results of the criterion validity of our study are somewhat limited by the homogeneity 
of the sample with all participants diagnosed with Spina Bifida. Moreover, this study only 
included youth aged 10 – 18 years and therefor excluded young children. It is likely that 
younger children also perform physical activities outside the wheelchair, such as crawling 
and playing on the ground. Further validation of the Activ8 in a more heterogeneous 
population and in youth with other types of wheelchair propulsion, such as single hand 
with or without feet, electric assistance in wheelchair and sport specific mobility devices 
is warranted.

CONCLUSION

This study further adds to the validity of the Activ8 to measure ‘active wheelchair use’ 
in youth using a manual wheelchair. The Activ8 is not able to accurately distinguish 
between different types of wheelchair activity. Further development is necessary and is 
recommended to study in a broader population including younger children to improve 
the accuracy of the algorithm of the Activ8 in youth using a manual wheelchair.
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ABSTRACT

Purpose: To evaluate the effects of a combination of wheelchair mobility skills (WMS) 
training and exercise training on physical activity (PA), WMS, confidence in wheelchair 
mobility and physical fitness.

Methods: Youth using a manual wheelchair (n=60) participated in this practice-based 
intervention, with a waiting list period (16wk), exercise training (8wk), WMS training (8wk) 
and follow-up (16wk). Repeated measures included: PA (Activ8), WMS (Utrecht Pediatric 
Wheelchair Mobility Skills Test), confidence in wheelchair mobility (Wheelchair Mobility 
Confidence scale) and physical fitness (cardiorespiratory fitness, (an)aerobic performance,) 
and were analysed per outcome parameter using a multilevel model analyses. Differences 
between the waiting list and training period were determined with an unpaired sample t-test.

Results: Multilevel model analysis showed significant positive effects for PA (p = 0.01), WMS 
(p< 0.001), confidence in wheelchair mobility (p<0.001), aerobic (p<0.001) and anaerobic 
performance (p<0.001). Unpaired sample t-tests underscored these effects for PA (p<0.01) 
and WMS (p <0.001). There were no effects on cardiorespiratory fitness. The order of training 
(exercise before WMS) had a significant effect on confidence in wheelchair mobility.

Conclusion: A combination of exercise and WMS training appears to have significant 
positive long term effects on PA, WMS, confidence in wheelchair mobility and (an)aerobic 
performance in youth using a manual wheelchair.

Keywords: Mobility, Children, Physical Behavior, Self-efficacy, Wheelchair Skills, Performance
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INTRODUCTION

Youth with or without a disability benefit physically and mentally from a physical active 
lifestyle1,2. It has been shown that low levels of physical activity (PA) are more prevalent 
among youth (children and adolescents) with a physical disability compared to their 
typically developing peers3,4. Youth using a manual wheelchair are markedly less physically 
active than their ambulatory peers with or without a physical disability5–8. Bloemen et 
al.5 found that youth using a manual wheelchair with Spina Bifida were 2.5 times less 
physically active than typically developing peers. These low levels of PA in youth using 
a wheelchair are worrisome and need attention.

Evidence for the effectiveness of interventions aimed at increasing PA in youth using a 
manual wheelchair is lacking, as there has been very limited research undertaken in this 
population9. Most intervention studies in youth with a physical disability focused on 
increasing PA in youth with cerebral palsy and were limited to participants who were 
able to stand or walk8–11. Recent systematic reviews10,11 in youth with a physical disability 
concluded there was no or conflicting evidence on effectiveness of interventions aimed 
at increasing PA.

In this study we were interested in increasing the wheelchair propulsion time in youth 
using a manual wheelchair, as wheelchair propulsion is the largest component of PA in 
wheelchair users. We aimed to increase wheelchair propulsion time through improving 
three modifiable determinants of PA: wheelchair mobility skills (WMS), confidence in 
wheelchair mobility and physical fitness 12–14. Two studies in children with a disability15,16 
showed high-intensity interval training (HIIT) to have positive results on physical fitness. 
High intensity interval training consist of intermittent bouts of activity and rest, which 
is similar to the active behaviour of youth17. Current literature in adult wheelchair 
users18,19 shows that WMS and confidence in wheelchair mobility and physical fitness are 
modifiable factors, either through exercise training (physical fitness)18 or WMS-training 
(WMS and confidence in wheelchair mobility)19. These studies have focused on the effect 
of one type of training, i.e. WMS training or exercise training, on respectively WMS and 
confidence in wheelchair mobility or physical fitness. Recently, Kirby et al.20 suggested to 
focus on both WMS-training and exercise training during rehabilitation of people with a 
spinal cord injury, as there are significant positive relationships between WMS, confidence 
in wheelchair mobility and physical fitness. Whether the relationships and benefits of 
these training programs in adults are similar in youth using a manual wheelchair is 
unclear as there is barely any research in this population for WMS-training21 and exercise 
training9. Moreover, and to the best of our knowledge, the effect of a combination of 
WMS-training and exercise training on PA is unknown in adults and youth using a 
manual wheelchair.
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Therefore, the aim of this study was to: (1) study both the short term and long term effects 
of a combined WMS-training and exercise training on PA and modifiable determinants 
of PA, including WMS, confidence in wheelchair mobility and physical fitness in youth 
using a manual wheelchair and (2) explore differences in outcomes based on the order 
of training, i.e. WMS-training before or after exercise training.

METHODS

PARTICIPANTS
In this practice based study, a convenience sample of participants was recruited at six 
rehabilitation centres / schools for special education in the Netherlands. Participants were 
included if they were: between 7-18 years of age, bimanually propel their wheelchair, 
use wheelchair on a daily basis, able to understand the spoken Dutch language, able to 
understand simple instructions and had a problem related to WMS, physical fitness and/
or PA. Participants were excluded if they had undergone a medical intervention during 
the previous six months that could have affected the intervention study outcomes (e.g. 
botox-injections). Local physiotherapists (PT), occupational therapists (OT) or physical 
education (PE) teachers approached and informed suitable participants and their parents.

PROCEDURE
This intervention study is part of the Let’s Ride study from the Fit-for-the-Future 
consortium and registered at trialregister.nl, registration number NTR5791. The 
Institutional Review Board of the University Medical Center Utrecht approved the study 
protocol for the Let’s Ride intervention study (protocol number15-136). Participants aged 
12 years and over and all parents signed the informed consent form before enrolment 
in this study. Participants were placed in peer groups of four to seven participants per 
rehabilitation centre or school. Groups were allocated to one of the four programs in this 
study (figure 1). Program A and B were placed on the 16-week waiting list after the first 
assessment. This group was created due to limited facilities of running multiple groups 
simultaneously in a rehabilitation centre or school. Program C and D started training 
after the first assessment. All participants followed 8-weeks WMS training followed by 
8-weeks exercise training (program A and C) or 8-weeks exercise training followed by 
8-weeks WMS training (program B and D).Training programs were carried out during 
the school year and were not interrupted by school holidays that lasted more than one 
week. The group training sessions were given twice per week by two or three local PT, 
OT or PE teachers and each session lasted 30 minutes. The presence of the participant 
was documented in every session and participants were included in the analysis of the 
training results if they attended ≥ 10 sessions of WMS-training and ≥ 10 sessions of 
exercise training.
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All participants had four assessments; pre-training, midway-training, post-training and 
follow-up. Participants in program A and B had one extra assessment before the waiting 
list period. All tests during an assessment period were administered within a two-week 
time frame at the participant’s rehabilitation centre/school for special education in the 
gymnasium or laboratory under similar conditions (e.g. optimal tire pressure, floor).

INTERVENTION
WMS Training
The WMS-training program was developed by ‘KJ Projects’, a WMS school with over 10 
years of experience in teaching WMS to both children and adults22. WMS sessions were 
aimed at learning to propel efficiently, going up and down curbs, holding a wheelie and 
negotiating the physical environment outdoors. Before starting the training sessions, the 
PT,OT and PE teachers received a three hour training by the research team and the KJ 
Projects. In combination with the two weekly training sessions by local PT, OT or PE 
teachers, there were three training sessions at the start, in the middle and at the end of 
the WMS-training program given by KJ projects. Parents and/or close relatives observed 
and participated in these three training sessions to stimulate and motivate the participants 
to practice at home. In addition, all participants received an individual video instruction 
on how to practice their skills at home.

Figure 1. Study design
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Exercise training
A HIIT protocol was chosen as a form of exercise training, as this form of training is a 
time-effective method of improving physical fitness in youth23. This training protocol has 
recently been used in a study with children with a disability, including a small sample of 
wheelchair users15. Results showed a significant improvement in anaerobic performance 
and aerobic performance after HIIT training15. The used HIIT protocol in our study, 
number of series (8–12 series) and active recovery time (90-120 seconds), is described 
by Zwinkels et al.15 for children with a disability. All participants performed a HIIT in 
their own wheelchair, aimed at improving their physical fitness (aerobic performance, 
cardiorespiratory fitness and anaerobic performance) through series of 30-s all-out 
exercises. The 30-s all out exercises were easily executable sprint exercises such as, go back 
and forward between 2 cones. The group training sessions were given in the school’s gym 
by two or three PT,OT or PE teachers, who had received a training on the intervention 
by the research team.

DEMOGRAPHIC AND MORPHOLOGIC PARAMETERS
Parents of the participant completed one general questionnaire at the first assessment 
regarding age, diagnosis, functional mobility level24, type of wheelchair and level of 
education of their child. They also completed a short questionnaire at the other assessments 
about possible factors that could influence the participants performance (e.g. illness or 
injuries). At each assessment body mass and wheelchair mass was determined using a 
calibrated (wheelchair) scales (Kern MWS 300K100M) from the local rehabilitation 
centre/ school for special education. Height was assessed in supine position with an 
non-stretchable tape from head to heel or with arm span (fingertip to fingertip, with 
arms abducted 90°and elbow and wrists straight) when participants were unable to fully 
extent their hips or knees due to contractures25.

OUTCOME MEASURES
Physical Activity: active wheelchair use
An objective assessment of time spent in ‘active wheelchair use’ was measured with a 
small accelerometer, the Activ8 activity monitor (2M Engineering BV, Valkenswaard, 
the Netherlands)26. The Activ8 has shown to be valid for distinguishing the classification 
‘active wheelchair use’ from the classification ‘non-propulsive wheelchair use’27. The counts 
thresholds used to separate active from non-propulsive wheelchair use were modified for 
youth using a manual wheelchair based on earlier pilot data. For the purpose of this study, 
active wheelchair use is defined as independent wheelchair propulsion at normal speed, 
high speed or manoeuvring. Participants were asked to wear an Activ8 in a stretchable 
wristband on the dorsal side of the wrist on their dominant arm for seven consecutive 
days. A second Activ8 was securely fastened as close as possible to the axle of the wheel 
on the same side as the dominant arm. The use of this combination of accelerometers 
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makes it possible to distinguish active propulsion from assisted driving. The total amount 
of PA consists of more than active wheelchair use, including activities such as swimming 
and transfers in/out of wheelchair. However, the aim of this intervention is to increase 
the active propulsion of the everyday wheelchair and the Activ8 is a valid device for 
detecting this component of PA27. Only data of participants with a minimal wear time 
of eight hours/day on at least two school-days and one weekend-day were analysed28. The 
main outcome for PA is the amount of ‘active wheelchair use’ expressed as a percentage 
of wear time per day.

Wheelchair mobility skills
The WMS were assessed using the recently developed Utrecht Pediatric Wheelchair 
Mobility Skills Test 2.0 (UP-WMST 2.0)29,30. The UP-WMST 2.0 is a performance-based 
measure of WMS with good validity and test-retest reliability 29. It consists of 15 items 
measuring different WMS such as propelling forwards/backwards, turning, ascending 
a platform and holding a wheelie. The UP-WMST 2.0 was administered by a PT, OT 
or PE teacher, who had received a two hour training (theory and practice) on how to 
administer the UP-WMST 2.0 in youth using a manual wheelchair. The main outcome 
is a total score ranging from 0 to 51, with a higher score representing more advanced 
wheelchair mobility skills.

Confidence in wheelchair mobility
For confidence in wheelchair mobility, the recently developed and validated Wheelchair 
Mobility Confidence Scale (WheelCon-Mobility) for Dutch Youth was used31. In this 
questionnaire participants are asked to rate on a 5 point Likert scale how confident 
they feel about doing different wheelchair mobility activities independently and safely, 
such as manoeuvring your wheelchair in small spaces or going up and down a curb. 
Participants were asked to complete the questionnaire independently or with the help of 
a research team member when they were unable to read the questions themselves. The 
main outcome of this 31-item questionnaire is a total score ranging from 31 to 155, with 
a higher score indicating a higher confidence in wheelchair mobility.

Physical fitness
Aerobic fitness
The Shuttle Ride Test (SRiT) is a maximal graded aerobic exercise field test where 
participants propel their wheelchair back and forth over a distance of 10 meters with 
increasing speed. This test has shown to be reliable and valid in youth (cerebral palsy, 
Spina Bifida and osteogenesis imperfecta) using a manual wheelchair32–34. The SRiT was 
administered by two experienced researchers following the protocol of Verschuren et al.33. 
The VO

2
 (ml/min) during the SRiT was recorded with a calibrated mobile gas analysis 

system (Cortex Metamax B3; Cortex Medical GmbH, Leipzig, Germany). The relative 
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VO
2peak

 (ml/min/kg) was determined as the highest value of VO
2
 (ml/min) during the 

last 30 seconds of the SRT, divided by the body mass (kg). The researcher used subjective 
criteria (lack of motivation, pain, distraction) to determine if the participant had shown 
real maximal effort to achieve the highest number of shuttles. The main outcome of the 
SRiT is the number of shuttles (ranging from 0.5-23) as a measure of aerobic performance 
and the relative VO

2peak
 (ml/min/kg, ) as a measure of cardiorespiratory fitness. Data were 

excluded from analysis for ‘number of shuttles’ and ‘relative VO
2peak

’ when maximal effort 
was not achieved.

Anaerobic performance

The Muscle Power Sprint Test (MPST) is an anaerobic performance test in youth using 
a manual wheelchair, where participants propel their wheelchair six times at maximal 
speed over a distance of 15 meters with a break of 10 seconds between each sprint to 
turn around and get ready for the next sprint. This test has shown to be reliable and valid 
in youth using a manual wheelchair35,36. The MPST was administered by a member of 
the research team who recorded the time per sprint. Afterwards the time per sprint was 
converted to power as a measure of anaerobic performance.

Power = (total mass x distance2)/time3.

Total mass is calculated as body mass plus wheelchair mass. Participants with power 
assisted wheels (Ewheels) were excluded from analysis. The main outcome of the MPST 
is the mean and peak power of the six sprints.

DATA ANALYSES
Statistical analysis was performed using SPSS for Windows (version 25.0, SPSS Inc., 
Chicago, IL, USA). Characteristics of the participants, such as gender, diagnosis and 
functional mobility level are described categorically and the participants age, height, 
weight and years of experience in wheelchair use are presented as a mean with the standard 
deviation for the total group (Program A-D), waiting list group (Program A,B) and split 
for order of training (Program A,C or Program B,D). Data was checked for normality and 
characteristics and baseline scores were compared between the waiting list group (Program 
A,B) and total group (Program A–D) and between the orders of training (Program A and 
C or Program B and D) using chi-square test or independent sample t-tests.

Aim (1): The short term and long term effect of combined WMS and exercise training 
per outcome parameter was calculated using a multilevel model analyses with a random 
intercept for participant and time (pre-training, post-training and follow-up) as a 
categorical factor. The pre-waiting list assessment was not added as a time value in the 
model, as we did not expect different outcomes for participants who were placed on the 
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waiting list before commencing the combined training program. As a secondary analysis, 
we performed unpaired sample t-tests for all outcome measures to determine if the change 
in outcomes after the training period (post-training minus pre-training of program A–D) 
were significantly different from the normal variation in outcomes during the waiting list 
period (pre-training minus pre-waiting list of program A and B). Due to the heterogeneity 
of this population, analyses in the total sample using an unpaired sample t-test (program 
A-D) was the preferred method over a paired t-test in a half of the sample (program A 
and B). Due to the use of multiple testing we have set the significance level at p<0.01 
to prevent type-I errors. Cohen’s D effect size was calculated for the unpaired sample 
t-tests with effect sizes classified as small (d=0.2), medium (d=0.5), large (d=0.8) and 
very large (d=1.3)37.

Aim (2) The order of training (WMS training before or after exercise training) was added 
to the multilevel model analyses per outcome parameter to determine if program A and 
C had a significant different effect from program B and D.

RESULTS

A total of 60 youth using a manual wheelchair in daily life participated in this study. For 
the effectiveness of the intervention, data of 12 participants was discarded. They could 
either not continue training due to unrelated medical problems (n=3), left school during 
the training period (n=1), declined to participate (n=2) or did not attend ≥ 10 trainings 
sessions per type of training (n=6). From the remaining group of 48 participants, the 
mean adherence for exercise training was 14.2 (standard deviation (SD) 1.6) out of the 
16 training sessions and the mean adherence for WMS training was 14.3 (SD 1.7) out 
of the 16 training sessions. The characteristics of the total group (program A–D) are 
described in Table 1 and subsequently split for waiting list group (program A,B), WMS 
before Exercise training (program A,C) and Exercise before WMS training (program 
B,D). There were no significant differences in characteristics or baseline scores between 
the waiting list group and total group (Table 1, Figure 2). There were no significant 
difference in characteristics or pre-training scores between the orders of training, except 
for more years of experience in wheelchair use in program A and C compared to program 
B and D (Table 1).

Effects of  combined WMS-training and exercise training on PA
The median amount of days with sufficient wear time of the Activ8 for pre-training, 
post-training and follow-up are respectively: 6 days, 7 days, and 6 days. Missing data 
per measurement instrument is reported in Appendix A. No significant differences were 
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found for baseline characteristics of participants with missing data of the Activ8 at pre-
training, post-training and follow-up, except for gender at pre-training (Appendix A).

For the total group, the combined intervention of WMS and exercise training had a 
significant positive effect (p = 0.01) on physical activity as measured with the Activ8 
(pre-training 6.5% (standard Error (SE) 2.4), post-training 8.1% (SE 3.2) and follow-
up 7.5% (SE 2.5)) (Table 2). Post-hoc analysis showed that the short term effect was an 
absolute average increase from 53 minutes/day before training to 66 minutes/day after 
the combined training. Looking at the follow up data, there was a sustained improvement 
with no significant (p=0.73, 95% CI-0.7,1.1) differences at follow-up in ‘active wheelchair 
use’ per day.

Table 1. Characteristics of  participants

  Split per order of training

    Total group 
Program A-D 
(n = 48)

Waiting list 
group 
Program A & B 
(n= 24)

WMS before 
Exercise 
Program A & C 
(n = 23)

Exercise before 
WMS Program 
B & D 
(n = 25)

Gender(M/F) 28/20 16/8 12/11 16/9

Age (years) mean (SD) 12.8 (3.1) 14.0 (3.3) 12.9 (3.4) 12.9 (3.0)

Diagnosis

Cerebral palsy 21 11 9 12

Spina bifida 8 6 6 2

Neuromuscular 5 1 2 3

Other 14 6 6 8

Height (cm) mean (SD) 149 (16) 153.9 (14.0) 145.9 (18.1) 151.5 (14.1)

Weight (kg) mean (SD) 44.3 (16.3) 50.5 (15.2) 41.1 (17.7) 46.9 (15.0)

Wheelchair mass* (kg) 19.4 (3.7) 20 (3.9) 18.6 (3.7) 20.0 (3.8)

Power assisted wheels 7 3 5 2

Experience in wheelchair 
(years) mean (SD)

8.4 (3.8) 9.3 (4.0) 9.6 (3.8)** 7.2 (3.6)**

Ambulation level

Non ambulatory 28 15 15 13

Partly ambulatory 20 9 8 12

Level of education

Regular 30 15 13 9

  Special 18 9 10 16

* Power assisted wheels not included, ** statistical difference between program A&C and B&D, M 
= male, F = Female, n = number of participants, WMS = Wheelchair mobility Skills, SD = Standard 
deviation 
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*Significant difference in outcome for order of training.  UP-WMST = Utrecht Pediatric Wheelchair Mobility 
Skills Test, SRiT = Shuttle Ride Test, MPST = Muscle Power Sprint Test

Figure 2. Line graph of  the change in mean score over time for the total group (green), program A 
and C (red) and program B and D (blue) per outcome parameter.  
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Unpaired sample t-test (see Table 3) showed a large effect (d=1.2), with an increase in 
‘active wheelchair use’ of 1.1 % (SD 2.1%) (n=21) after the training period that was 
significantly different (p<0.01) from the decline of 1.1 (SD 1.2%) that occurred during 
the waiting list period (n=14).

Effects of  combined WMS-training and exercise training on determinants 
of  PA
The WMS, confidence in wheelchair mobility and physical fitness, with the exception of 
relative VO

2peak
, improved significantly over time (pre-training, post-training and follow-

up) in the total group (Table 2, figure 2). Missing data per assessment and parameter is 
reported in Appendix A.

When looking at differences in change with the unpaired sample t-test during the training 
period compared to the waiting list period, there was a significant change of 3.5 (SD 3.6) 
points in WMS after the training period compared to a change of 0.3 (SD 3.7) after the 
waiting list period. We found a non-significant difference between the waiting list period 
and training period for confidence in wheelchair mobility (p = 0.03), number of shuttles 
(p=0.07), relative VO

2peak 
(p = 0.03), mean power (p=0.37) and peak power (p=0.62).

Effect of  the order of  WMS and exercise training
We found a significant effect of order of training when added to the multilevel model for 
confidence in wheelchair mobility (p=0.01) (Figure 2). We found no significant effect of 
order of the training for all the other outcomes.

DISCUSSION

The aim of this intervention in youth using a manual wheelchair was to evaluate the short 
term and long term effect of a combined WMS-training and exercise training on PA and 
three determinants of PA: WMS, confidence in wheelchair mobility and physical fitness. 
In this study we found increasing levels of PA and positive changes in determinants of 
PA after the combined training program, which were maintained at follow-up, with the 
exception of cardiorespiratory fitness.

Despite the heterogeneity of the participants in this practice based intervention study, 
positive results in increased PA over time are supported by a significant difference, with 
a large effect size, in change of PA during the training period compared to the waiting 
list period. The increase of 13 minutes per day is a relative increase of 25% in time spent 
physically active per day. This is an important and clinically relevant increase, as any 
improvement of PA can lead to numerous health benefits1. Moreover, greater health 
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benefits can be achieved by people who have an inactive lifestyle1. The results of this study 
also show that youth using a manual wheelchair are very inactive with 53 minutes/day of 
active wheelchair use before commencing the combined training programs.

For the assessment of PA we were able to assess the largest component of PA for wheelchair 
users, which is the percentage of time spent actively propelling their manual wheelchair 
per day. While it would be preferable to assess the total amount of PA, at the start of this 
study in 2015, the Activ8 was the best available activity monitor for wheelchair users, 
which did appear to be user friendly27. In this study, we did experience some technological 
challenges in the use of the Activ8. Even though the soft stretchable armband did appear 
to be child friendly, participants reported more and more a dislike to wear the armband 
due to an itchy feeling or esthetical reasons. This led to decreased willingness to wear to 
monitor for multiple days and resulted in more missing data of the Activ8 in the final 
assessments, i.e. post-training and follow-up. Consequently, the results reported for PA 
are collected in a smaller sample. Even with this small heterogeneous sample, significant 
sustainable changes were seen after the 16 week combined training program.

When looking at the determinants of PA, we aimed to improve three determinants through 
a combined WMS-training and exercise training. We found a significant improvement in 
WMS of 7.1% (3.5 points) on the UP-WMST 2.0, which was maintained at follow-up. 
This improvement in WMS is smaller than the effects of WMS training in adults (14.0%, 
95% CI7.4, 20.8)19. Subgroup analysis in the meta-analysis of Keeler et al.19 showed that 
training was more effective in new wheelchair users. Youth using a manual wheelchair 
in this study had an average of 8 years of experience in using a wheelchair, which could 
explain the smaller effects on WMS. Nonetheless, small improvements in WMS, such as 
being able to go up a curb (+1 point), could already lead to more independence outdoors 
and have a positive effect on PA. And more importantly, there is no significant decline in 
training effects between post-training and at 16-weeks of follow-up as is similar in adult 
wheelchair users19, which implies WMS were maintained during the follow up period.

For confidence in wheelchair mobility we found a significant increase in the WheelCon-
Mobility for Dutch youth31 after the combined training. The growth in confidence levels 
was mainly gained after WMS training (figure 2), with a significantly larger increase in 
the group that started with exercise training (Program B and D). This could be explained 
by Bandura’s social cognitive theory38, were the experience of mastering of a new skill, i.e. 
WMS, is the most effective way of improving ones confidence. Participants in program 
B and D mastered on average more WMS skills, possibly leading to a bigger increase 
in confidence compared to participants in program A and C. These results suggest that 
exercise before WMS training might be the preferred order of training when aiming to 
improve confidence in wheelchair mobility.
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The short term effect of the combined training on anaerobic performance was a significant 
increase in mean (+4.1 Watt) and peak power (+3.0 Watt). In the longer term, we found 
a non-significant decline between post-training and follow-up, which was especially 
prominent in program A and C. This trend for a decline could be explained by one of the 
limitations of this study, where we were unable to assess participants who had graduated 
from school (n=4) and left the program between post-training and follow-up. This led 
to missing data not ad random, but with missing data of older and heavier participants, 
leaving younger and therefore lighter participants at follow-up assessment. For the power 
calculations in the MPST the total weight of the participant is an important factor for 
the outcome. The four participants who had left school all had a mean power at post-
training that was two to four times higher than the average mean power of the total 
group. Secondary analysed without these four participants showed a smaller decline in 
anaerobic performance at follow-up.

For aerobic fitness, we found similar positive results as Zwinkels et al.15, with a significant 
increase of shuttles on the SRiT (+1 shuttle) as a measure of aerobic performance and 
no change in relative VO

2peak
 as a measure of cardiorespiratory fitness. Surprisingly, we 

did find a non-significant positive effect on relative VO
2peak 

after the waiting list period. 
It is unclear what caused these results during the waiting list period. Possibly, there were 
seasonal effects (pre-waiting list measurement was assessed at the start of school year) that 
might have influenced the cardiorespiratory fitness during the waiting list period. For the 
results of the combined training we found an increase in shuttles with similar O

2
 uptake, 

which implies more efficient propulsion after the combined training and at follow-up. 
These results are in line with a functional exercise study in ambulatory children with Spina 
Bifida39. The increase in efficiency may be explained by the fact that the training intensity 
was limited by the propelling capacities of the child rather than the cardiorespiratory 
limitation. Recently, Zwinkels et al.15 also concluded that the HIIT training protocol 
used is not an effective form of exercise training to increase cardiorespiratory fitness in 
youth who use a wheelchair. It is possible that reaching high intensities in 30 second 
exercise bouts is less attainable through wheelchair propulsion due smaller active muscle 
mass than running based exercises40.

One of the limitations of this study was the ‘one size fits all’ training approach, where 
all participants received a WMS-training and exercise training, regardless of the large 
variation at baseline in PA and the determinants of PA. In figure two, the changes in 
scores over time are visually presented per order of training, and show that the greatest 
improvement for PA, confidence in wheelchair mobility and aerobic performance are 
in the groups that had lower scores at pre-training. It is possible that participants with a 
relatively high physical fitness or more advanced WMS did not benefit from the exercise 
or WMS-training as much as the participants with a relatively low physical fitness or more 
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basic WMS. At the same time, HIIT training did challenge each child to exercise at his/
her own maximal level during the high intensity intervals. The small training groups with 
peers seemed motivating to go as fast as possible during exercise training and encouraging 
to learn new WMS from seeing their peers mastering a new skill.

While the obvious strength of this study was the practice based approach, with outcomes 
measures that can be applied in clinical practise and a heterogeneous sample that is 
representative for this population, this type of study does come with methodological 
imitations. The heterogeneity of the sample makes it is more difficult to show significant 
results due to the large confidence intervals. Even so, this study showed positive results 
which are immediately relevant for daily practice in schools for special education or 
rehabilitation centres. The intervention in a school setting has disadvantages, such as 
limited time for assessments and drop-outs due to graduation, which leads to missing 
data that potentially could have confounded the results of this study. Future research 
towards PA in school settings should also take into account possible seasonal variations 
due to the school program, e.g. decreased or increased PA over the summer holidays. 
A benefit of the practice based design was the involvement of PT, OT and PE teachers 
in assessments and interventions. This will help future implementation of study results, 
which has already happened in the rehabilitation centres in the Netherlands that were 
involved in this study.

CONCLUSION

A combination of exercise and WMS training appears to have a clinically relevant and 
significant increase in PA in youth using a manual wheelchair. The combined training also 
had a positive effect on WMS, confidence in wheelchair mobility, aerobic performance 
and anaerobic performance. More insight is needed towards finding an effective form 
of exercise training for improving cardiorespiratory fitness in youth using a manual 
wheelchair. Exercise before WMS training is the preferred order of training, when aiming 
to improve confidence in wheelchair mobility.
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Chapter 7

General discussion & summary



The main objectives of this thesis were (1) to develop outcome measures aimed at assessing 
wheelchair mobility skills (WMS) and confidence in wheelchair mobility (2) to validate 
an outcome measure aimed at objectively quantifying physical activity (PA) and (3) to 
evaluate the effect of a WMS training and exercise training on PA, physical fitness, WMS 
and confidence in wheelchair mobility in youth using a manual wheelchair.

MAIN FINDINGS

 • The newly developed Utrecht Pediatric Wheelchair Mobility Skills Test (UP-WMST 
2.0) is a reliable and valid outcome measure to assess WMS in youth using a manual 
wheelchair (Chapter 2 and 3).

 • The Wheelchair Mobility Confidence Scale Dutch Youth (WheelCon-Mobility 
Dutch Youth) has shown evidence towards validity and internal consistency for the 
assessment of confidence in wheelchair mobility in Dutch youth using a manual 
wheelchair (Chapter 4).

 • There is a low positive correlation between the WheelCon-Mobility Dutch Youth and 
the UP-WMST 2.0 (Chapter 4). As there can be a discrepancy between WMS and 
the confidence in wheelchair mobility, it is important to assess both the WMS and 
the confidence in wheelchair mobility. Interventions can be targeted at improving 
WMS, confidence in wheelchair mobility or both.

 • An activity monitor (Activ8), shows good initial validity to detect ‘active wheelchair 
use’ in youth using a manual wheelchair, using a combination of a sensor at the wrist 
and wheel (Chapter 5).

 • A combination of exercise and WMS training yielded significant positive long term 
effects on PA, WMS, confidence in wheelchair mobility and (an)aerobic performance 
in youth using a manual wheelchair (Chapter 6). There was no significant long term 
effect on cardiorespiratory fitness.

THEORETICAL CONSIDERATIONS

An important aim of pediatric rehabilitation is to optimize participation in physical 
activities for youth with a disability1. Over the last decades, multiple reviews2–4 have 
reported on PA levels, including sedentary time, in youth with a disability and concluded 
that their PA levels were significantly lower than in typically developing peers. Other 
research has shown youth using a manual wheelchair to be less physically active than 
their ambulating peers with a disability5–7. One of the main findings of this thesis was the 
significant positive long term effect on increasing PA in youth using a manual wheelchair 
through a combined exercise and WMS training (Chapter 6)8. This was one of the first 
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studies to report clinically relevant long term positive results on increasing PA in youth 
using a manual wheelchair9,10. Even with the positive results of the intervention, the 
overall level of PA in youth using a manual wheelchair remains low. This is not surprising 
as changing behavior is a complex problem where multiple factors can act as facilitators or 
barriers11–13. Qualitative research in youth with a disability described these facilitators and 
barriers towards PA using the framework of the International Classification of Functioning 
Disability and Health for Children and Youth (ICF-CY)12,14 (figure 1). An example of 
possible facilitators and barriers are sufficient fitness, control of skills, motivation for 
PA (personal factors) and accessibility, parental beliefs and transport (environmental 
factors). These results are very relevant for clinical practice, where an extensive anamnesis 
and assessments using the ICF-CY framework could give an overview of which factors 
currently influence PA on the individual level and could be a target for an intervention. 
However, by using this approach a (long) list of individual facilitators or barriers could 
be identified in the ICF-CY. This summary of factors does not necessarily guide clinical 
decisions on which factor(s) to specifically target in an intervention. Moreover, often 
these factors are interdependent and interventions aiming to improve a single factor, for 
example physical fitness, do not lead to an increase in PA. Another limitation of using the 
ICF-CY for determining how to increase PA is that it does not give information about 
which factors are important to sustain PA in the long term. When aiming to increase 
and sustain PA, the PA behavior needs to change. Personal factors such as motivation, 
confidence and intention are essential determining factors of behavior15–17 and should 
therefore play a central role in interventions when aiming to change and sustain PA. This 
lack of classification in the ICF-CY of personal factors has been recognized and reported 
on18,19. Last but not least, the ICF-CY currently does not have a language for activities 

Figure 1. International Classification of  Functioning Disability and Health for Children and 
Youth14
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for people using a wheelchair or other assistive devices (Chapter 1). Therefore, in my 
opinion, the ICF-CY lacks a common language on personal factors which are important 
to sustain PA behavior and gives insufficient direction to clinical practice on which 
combination of facilitators and barriers are of key importance to change and sustain PA 
in youth using a manual wheelchair.

A solution to this lack of language of personal factors in relation to PA might come from 
using the notion of ‘Physical Literacy’. Physical Literacy is a perspective of looking at 
lifelong PA, where personal factors play a key role in determining PA behavior20. Over the 
last two decades, physical literacy has been implemented in physical education programs 
across the world21–24, with the aim to increase lifelong PA in youth. I would like to explore, 
using the main findings of this thesis, whether this concept of physical literacy can give 
new directions for both rehabilitation care and research towards increasing long term PA 
in youth using a manual wheelchair.

1. What is physical literacy?
Physical literacy is a new emerging perspective on PA in health care25 which originates 
from the field of physical education26. Physical literacy (figure 2, inner circle) can be 
described as:

“ the motivation, confidence, physical competence, knowledge and understanding to value and 

take responsibility for engaging in physical activity for life”20,27.

Physical literacy is a multidimensional viewpoint on PA, using a dynamic holistic 
approach consisting of four interrelated attributes that are of similar importance. These 
components are: physical (physical competence), affective (motivation & confidence), 
cognitive (knowledge & understanding) and PA behavior (value & engage)27,28. This 
theory can be seen as a combination of aspects from behavioral change theories15–17 
such as: motivation, intention, knowledge and attitude, and aspects important for the 
development of physical competence from motor learning theories25,29. Even though all 
aspects are important in physical literacy, the different attributes can become more or 
less important throughout life. For example, the cognitive attribute is less important 
in a young child as the role of family (social environment) will be more important at 
this period during the development25. Similarly, in adolescents the physical competence 
might become less important, while the motivation towards PA and the knowledge and 
understanding of the benefits of PA might become more important to value and engage 
in PA.

Physical literacy represents a unique lifelong journey for each individual and is inclusive 
to all20. The term ‘literacy’ refers to learning through effective interaction with the world20. 
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To visualize this interaction, I have included social and physical environmental factors as 
an outer circle in the visual representation of physical literacy in figure 2.

Although the concept is inclusive to all, the practical application of the different attributes 
will be different for youth using a manual wheelchair compared to ambulatory peers. 
Figure 2 depicts the possible physical literacy journey of youth using a manual wheelchair, 
where the wheelchair should be seen as an extension of the body and therefore an 
important factor to consider in every attribute. I believe thinking along the line of 
physical literacy will be of additional value to health care professionals and researchers 
when aiming to increase PA in youth using a manual wheelchair. I will try to demonstrate 
the additional value through describing examples, using stories and data from our research 
(Box 1 and 2), where the interaction between the different attributes could help clinical 
decision making on which factors to address when aiming to increase PA in the long 
term for youth using a manual wheelchair.

2. How to assess physical literacy in youth using a manual wheelchair?
There has been controversy in literature on physical literacy as to whether one should 
assess physical literacy at all25,30,31. As Robinson states30: “ Perhaps, in the very act of 

Figure 2. Visual representation of  definition of  physical literacy (inner circle) and the interaction 
with the physical and social environment (outer circle).
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BOX 1: Sophie

Sophie is a sweet girl of ten years old with cerebral palsy (GMFCS 4) and a learning 
disability. She attends a special needs school in the Netherlands. Sophie arrives at her 
school by taxi (PA behavior), where her taxi driver is very helpful and pushes Sophie 
(social environment, PA behavior) to the entrance of the school. Here she slowly makes 
her way to the class room by herself (physical). Later that morning, Sophie’s teacher 
(social environment) pushes her to the playground (against the advice of the physical 
therapist (social environment, PA behavior)), as the teacher feels there would not be 
much time left to play if Sophie would do this herself. At the accessible playground 
(physical environment), Sophie moves around a bit, but is also very happy to spend 
most of her break time watching the other children play (affective, PA behavior). At 
home, Sophie’s mother (social environment) motivates her to propel her wheelchair 
by herself as much as possible, but due to time restraint choses to push her daughter 
when going outdoors (PA behavior).

Sophie participated in the combined wheelchair mobility skills and exercise training 
(Chapter 6) at her special needs school. She enjoyed the training sessions, especially 
the one where she got to practice her wheelchair mobility skills. She tried to make 
long powerful strokes and keep her hands in the air before she made the next stroke. 
Sophie also learned she can use furniture to push and pull herself forwards/backwards 
(physical). She really enjoys practicing this at home (affective) and through this learned 
to also use her trunk when making turns (cognitive, physical). She started to be more 
aware of the dimensions of her wheelchair by bumping into the cupboards and chairs 
at home (cognitive). While holding a wheelie is still too difficult for her, Sophie can 
now lift up her front caster when going over a low curb (physical). She uses this 
skill regularly to go over thresholds between rooms when she visits her neighbor 
friend’s house (physical environment). At the start of the training, her level of PA 
was low (4.5% active wheelchair use/day, PA behavior), her physical competence was 
low (Shuttle Ride Test shuttles: 6, VO2peak: 21 ml/min/kg, Mean power MPST: 
14 Watt, UP-WMST 2.0: 15 points). Sophie said that even though she had never 
done a lot of the items on the questionnaire (WheelCon-Mobility Dutch Youth: 130 
points, affective), she was convinced she could do these by herself. There was a large 
discrepancy between her wheelchair mobility skills (low, physical) and her confidence 
in wheelchair mobility (high, affective).

After the training her PA level increased (6.0% active wheelchair use/day, PA behavior), 
while herphysical fitness and wheelchair mobility score remained the same (low, 
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measuring physical literacy, something is lost”. The core of the problem is the holistic 
individual approach of physical literacy, which is lost with assessment of separate 
attributes. However, there is a need for physical literacy measurements to evaluate if 
interventions and programs aimed at increasing physical literacy are successful32–35. When 
talking about assessing physical literacy, one should keep in mind that physical literacy 
is about the interaction with the environment. It is for example not about an isolated 
skill, but about the ability to effectively and efficiently adapt one’s movements as required 
by the environment20. Or to describe this in terms of the ICF-CY14, it is not about 
one’s capacity but about their performance in everyday life36. For youth using a manual 
wheelchair, wheelchair mobility is a pre-requisite for becoming physical active and hence 
an integral part of every attribute of physical literacy. I will therefore reflect per attribute 
on how the results of this thesis add to assessment of physical literacy in youth using a 
manual wheelchair and will place emphasis on what this means for assessing wheelchair 
mobility.

 a. Physical Competence
Physical competence refers to an individual’s ability to develop 
movement skills and patterns, and the capacity to experience a variety of 
movement intensities and durations27. Enhanced physical competence 
enables an individual to participate in a wide range of physical 
activities and settings35. Current assessments of physical competence 

in ambulatory youth include measures of physical fitness, such as the PACER test and 
measures of movement skills with an obstacle course37. For the assessment of physical 
fitness in youth using a manual wheelchair, several performance tests have been validated 
in the last decade, such as the Shuttle Ride Test and the Muscle Power Sprint Test38–41. 
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physical), her score on the WheelCon-Mobility reduced (affective). Having practiced 
some of the items and realizing she was not able to do a wheelie by herself, may have 
influenced her answers on the questionnaire. Sophie’s mother (social environment) 
was very enthusiastic about the Wheelchair Mobility Skills training as she felt Sophie 
and she herself had learned a lot. Her mother made a comparison between teaching 
WMS and teaching her other daughter to cycle. As she could ride a bike herself, she 
knew how to teach this to her daughter and at what age she should start practicing 
this skill.  With Sophie, she did not know which skills can be learned in a wheelchair 
and how and when you can practice this in everyday life. The mother was especially 
proud when Sophie had turned around to her and said: ‘Stop mama, don’t help me, I 

can do this myself ’ (affective, physical).
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Current assessments of movement skills for typically developing youth include items like 
jump, kick and hop which are impossible to execute for youth using a manual wheelchair.

Wheelchair Mobility

The results of Chapter 2 and 3 give an alternative method for assessing movement skills 
for youth using a manual wheelchair. The UP-WMST 2.0 is the first validated assessment 
tool for assessing WMS in youth using a manual wheelchair42,43. The UP-WMST 2.0 can 
be used in clinical practice, as it has demonstrated good validity, reliability and evidence 
towards responsiveness (Chapter 3). It can be used to assess if an intervention aimed at 
improving WMS is indicated and to document possible progress after WMS training. 
Furthermore, the UP-WMST 2.0 can be used in clinical decision making to decide on the 
appropriateness of the selected assistive device. A very low score on the UP-WMST 2.0 
could be an indication that the wheelchair-user interaction is not appropriate to facilitate 
participation in physical activities, such as playing outdoors. Looking at the different 
attributes of physical literacy that influence PA in the example of Sophie, her physical 
competence could be argued to be a barrier towards PA. As her physical competence 
did not improve after the combined intervention this could be an argument for starting 
a different intervention aimed at improving physical competence. Another direction 
could be the re-evaluation of whether the settings of the manual wheelchair are optimal 
for participation in physical activities or if a manual wheelchair is the most appropriate 
device for Sophie to participate in physical activities outdoors.

The UP-WMST 2.0 does give valuable information about what a participant is able 
to do (capacity). It was developed to include basic and more complex WMS skills, as 
different skills can become important at different stages through childhood (Chapter 

2). This is one of the few studies reporting on WMS in youth and even though we 
included a relatively large heterogeneous sample in the development and assessment 
of the psychometric properties of the UP-WMST 2.0 (Chapter 3), questions remain 
regarding the assessment of WMS in all youth using a manual wheelchair. For example, 
our research included children from the ages of 5 to 18 years and questions remain 
regarding the assessment in pre-school children. Participants from our sample in Chapter 

6 started using a wheelchair from as young as 1.5 years old. Future research towards WMS 
in very young children could give information about if and how WMS training in this 
young population could lead to increased wheelchair mobility. As a comparison, power 
wheelchair mobility training is given in children as young as 20 months44,45.

Another aspect of wheelchair mobility is the propulsion technique, i.e. movement pattern, 
push frequency and power output 46. Even though learning to push the wheelchair with 
slow powerful strokes was part of the WMS training program (see example Sophie), 
this skill was not measured during the assessments in the intervention study reported in 
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Chapter 6. It remains therefor unclear whether WMS training can improve propulsion 
technique. Results of the combined exercise and WMS training study (Chapter 6) do 
indirectly indicate that participants improved their propulsion technique as they managed 
to reach on average a higher number of shuttles on the Shuttle Ride Test with the 
same cardiorespiratory effort. Future research should evaluate if it is possible to improve 
propulsion technique in youth using a manual wheelchair.

	 b.	Affective:	Motivation	and	confidence
Motivation and confidence refers to an individual’s enthusiasm for, 
enjoyment of and self-assurance in adopting PA as an integral part 
of life27. This ‘fun’ component is starting to gain more attention in 
pediatric rehabilitation, as one of the ‘F-words’ : Fun, Function, Family, 
Fitness, Future and Friendship47. These F-words are six key areas that 

are deemed as important for child development47. One important aim of the WMS 
training program (Chapter 6, Chapter 3) was to show/teach participants that using a 
manual wheelchair can also be fun. To create awareness of which WMS are possible and 
that these can be fun was the aim of a television episode on WMS for youth48, showing 
which WMS skills youth need to perform to participate in daily life and that activities in 
a wheelchair such as skiing or performing WMS in skate park can be fun! This episode 
was broadcasted on Dutch national television as a side project of this thesis.

Regarding the assessment of the motivation (e.g. fun) and confidence towards PA of 
youth using a manual wheelchair, no valid or reliable measurement instruments are 
available. Two questionnaires assessing social cognitive determinants related to PA have 
been used as outcome measures in studies in youth with a disability49–51. However, neither 
of these questionnaires were specifically designed or validated for youth using a manual 
wheelchair.

Confidence in wheelchair mobility
The results of this thesis (Chapter 4) on the development of the Wheelchair Mobility 
Confidence Scale (WheelCon-Mobility) for Dutch Youth add to the assessment of the 
affective attribute of physical literacy in youth using a manual wheelchair. The WheelCon-
Mobility shows evidence for internal consistency and validity in youth, aged 8-18 years, 
using a manual wheelchair. We reported on problems with self-reporting on confidence 
in a small percentage of children with learning disabilities who participated in one of our 
studies (Chapter 6). Secondary analyses of the results in Chapter 4 on the correlation 
between the UP-WMST 2.0 and the WheelCon-mobility Dutch Youth, showed no 
significant difference in correlation between youth with or without a learning disability. 
However, clinicians should be aware of possible problems in the self-reporting on 
confidence in wheelchair mobility in youth with a learning disability and the assessment 
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through a proxy questionnaire in parents/caregivers could give additional valuable 
information.

Another important implication for clinical practice, could be a possible discrepancy 
between the confidence in wheelchair mobility (WheelCon-Mobility) and the capacity to 
do a skill (UP-WMST 2.0), as was also the case in the example of Sophie (box 1). From 
this discrepancy it becomes clear that the assessment of confidence in wheelchair mobility 
is just as important as the assessment of wheelchair mobility skills as both the capacity 
and confidence dictate whether a WMS is actually performed in everyday life52. A logical 
next step for future research on WMS would be the development of an assessment tool 
to measure the actual performance of WMS in everyday life.

 c. Cognitive: Knowledge and understanding
Knowledge and understanding includes the ability; to identify and 
express the essential qualities that influence movement, to understand 
the health benefits of an active lifestyle, and to appreciate appropriate 
safety features associated with PA in a variety of settings and physical 
environments27. This is somewhat similar to health literacy, where the 

ability to understand, to gain access to, and to use information plays an important role in 
promoting and maintaining good health53. A important new direction for future research 
aimed at increasing PA in youth using a manual wheelchair is to develop assessments 
and interventions aimed at increasing knowledge and understanding about PA in youth 
using a manual wheelchair. At the same time, current clinical practice could recognize the 
importance of developing knowledge and understanding of PA and incorporate questions 
about this topic in their anamnesis.

In the intervention study aimed at increasing PA in youth using a manual wheelchair 
(Chapter 6), we did not include a cognitive component in the assessment or intervention 
and can therefore not give any objective information on this attribute from the results 
of this thesis. There are however lessons to be learned from assessment of this attribute 
in typically developing children in combination with observations made by researchers 
and health care professionals during this thesis.

Knowledge & understanding PA in youth using manual wheelchair
Current assessment tools towards measuring physical literacy in typically developing 
youth32,54 include questionnaires on the cognitive attribute of physical literacy. These 
tools should include questions related to a person’s knowledge and understanding 
on both their physical abilities and their understanding of their own current state of 
health and wellness30. However, the current questionnaires are limited to the knowledge 
and understanding of the PA guidelines for their age group55. For youth using a 
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manual wheelchair these questions are impossible to answer, as we do not know if the 
guidelines developed for ambulatory youth are also applicable to them. Propelling your 
wheelchair is physically straining and less energy efficient as walking56 and therefore PA 
recommendations need to be adapted for youth using a manual wheelchair. Possible 
similar adaptations can be made as has been done in the adaption of PA guidelines for 
adults with a spinal cord injury 57.

Another important point was raised by several health care professionals from their 
experiences with the high intensity interval exercise training. A number of participants 
had to learn what maximal exertion felt like. Health care professionals needed to teach/
let participants experience, that maximal exertion was not a dangerous feeling that should 
be avoided but a state they should try to achieve during the exercise bouts. It could 
take a number of sessions and tremendous effort of the health care professionals to 
motivate participants to reach their maximal effort during the exercise bouts. The lack 
of understanding in some participants why physical exercise is important becomes clear 
from the response of one participant after the intervention: “I don’t recommend exercise 

training to others. The training makes you tired and you get muscle ache in your arms”. These 
observation make it clear, that it is not only important to increase the knowledge and 
understanding towards PA, but also increase the knowledge and understanding towards 
physical fitness.

Knowledge & understanding wheelchair mobility
In addition to knowledge and understanding about their physical body which is similar to 
youth who are ambulatory, youth using a manual wheelchair also need to have knowledge 
and understanding about their wheelchair, which can be seen as an extension of their 
body. To illustrate this importance, I will now introduce Nora as example two.

From the example of Nora, it becomes clear that an optimal wheelchair-user interface 
is an important prerequisite for performing WMS56. One astonishing observation I 
came across during assessments for this thesis, was the low tire pressure of almost every 
wheelchair which impacts the rolling resistance and everyday use of the wheelchair46. 
The tire pressure of more than three quarters of the participants (Chapter 3-6) was 
(far) below the advised pressure (as described on the tire). Moreover, the average weight 
of wheelchairs (excluding E-wheels) in the intervention study in this thesis was 19.4 
kg (Chapter 6), where an average lightweight wheelchair for adult wheelchair users 
only weighs 12 kg58. This high wheelchair mass immediately negatively impacts rolling 
resistance of the wheelchair46. To optimize the wheelchair-user interface in youth using 
a manual wheelchair, the knowledge and understanding of wheelchair settings needs to 
improve in healthcare professionals to support youth, parents/caregivers and wheelchair 
suppliers in selecting a lightweight wheelchair59. Health care professionals can also play 
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BOX 2: Nora

Nora is a fourteen year old competitive girl (height 1.50m, weight 40 kg) with Spina 
Bifida (household ambulator). She uses a posterior walker for short distances indoors 
and a manual wheelchair for longer distances, sports and outdoors (PA behavior). Nora 
enjoys (affective) being active (7% active wheelchair use/day) and plays wheelchair 
basketball (1x/week), wheelchair tennis (1x/week) and uses her handbike regularly 
(PA behavior). Before commencing the combined intervention of wheelchair mobility 
skills and exercise training at her special needs school (Chapter 6), Nora’s physical 
competence was good (Shuttle Ride Test: shuttles 16, VO

2
peak = 38ml/min/kg, UP-

WMST 2.0 =  41 points (out of 51 points). The settings of Nora’s wheelchair on 
the other hand hindered active independent wheelchair use. The tire pressure was 
far below optimum, and the wheelchair was heavy (24 kg). In addition, anti-tippers 
were set at 4 cm above the ground, and the hair of Maxi (her dog) had accumulated 
inside the casters of the front wheels. Several settings limited an active propulsion, 
such as center of pressure behind the axis of the rear wheel, handle bars extended 
(inviting people to push wheelchair) and a slouched sitting position. Nora is a bright 
girl, but does not seem to know wheelchair maintenance (tire pressure and cleaning) 
is important to keep her wheelchair rolling smoothly (cognitive). Nora also does not 
know anything about the wheelchair settings and options, e.g. how to fold away the 
anti-tippers. During the selection of the wheelchair, she only decided the color and 
her parents, physical/occupational therapist and wheelchair supplier (environment) 
made all the other decisions.

Nora does not enjoy being seen in public (social environment) in her wheelchair 
and is very adamant to not have any pictures or movies taken while she is in her 
wheelchair. If a photo needs to be taken, Nora would step out of her wheelchair and 
pose standing up. There was a large discrepancy between her wheelchair mobility 
scores on the UP-WMST (high, physical) and her confidence in wheelchair mobility 
(low, affective). During the first wheelchair mobility skills training session, her anti-
tippers were removed and with some motivation of the teachers (social environment), 
she started practicing holding a wheelie. Her mother (social environment) objected at 
first when the anti-tippers were removed as this was considered far too dangerous and 
unnecessary. However, she quickly became amazed at all the skills Nora was capable 
of doing without the anti-tippers during the first session. She admitted this was an 
eye-opener as she did not know all these things were possible in a wheelchair. After 
the last wheelchair skills training session Nora’s score on the UP-WMST 2.0 went up 
5 points, while she had gained 20 points on the confidence in wheelchair mobility 
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an important role in educating a child and their parents/caregivers about the importance 
of wheelchair maintenance (tire pressure, cleaning front casters) and in helping to select 
a wheelchair with settings that stimulate independent active wheelchair use (such as light 
weight, seating angle, push bars etc). More information on wheelchair settings can for 
example be found on www.checkjezit.nl and www.wheelchairskillsteam.nl.

 d. Physical activity behavior
Engagement in PA behavior for life refers to an individual taking 
personal responsibility for physical literacy by freely choosing to be 
active on a regular basis. This involves prioritizing and sustaining 
involvement in a range of meaningful and personally challenging 
activities, as an integral part of one’s lifestyle27. Assessment of PA 

behavior in youth with and without a disability includes an integrated view of physical 
activity, sedentary behavior and sleep55. Current assessments of this attribute of physical 
literacy in typically developing youth includes assessment of average daily step count, 
self-reported sedentary time and self-reported number of days a week a child engages in 
moderate to vigorous PA37.

PA in youth using a manual wheelchair
The results of (Chapter 5)add to the assessment of PA behavior in youth using a 
manual wheelchair, as this is the first validated objective activity monitor to assess ‘active 
wheelchair use’ in youth using a manual wheelchair. When compared to the assessment 
in typically developing youth, ‘active wheelchair use’ corresponds with assessment of 
average daily step count. When interpreting these results, one should be aware that the 
objective assessment of PA in people using a wheelchair is still in its infancy compared to 
the widely commercially available activity monitors in ambulatory persons. When looking 
at physical literacy and PA behavior in youth using a manual wheelchair, the most urgent 
step forward is the development of a commercially available activity monitor that can be 
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scale. Without being aware of her daughters assessments, Nora’s mother said: My 

daughter has gained so much confidence (affective), she really enjoys (affective) being in 

her wheelchair now and she tries to perform wheelies everywhere (8.5% active wheelchair 

use/day, PA behavior). I need to continuously take photos of her and post them on social 

media (social environment). I’m proud that she can do all of this, especially in this heavy 

wheelchair. I’m excited to see what she will be able to do in her new lightweight wheelchair. 

A lot of public places are not adapted (physical environment), so we are interested in a 

follow-up session once the new wheelchair arrives!
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used by the participant to inform them about how active they are on a daily basis. More 
knowledge and understanding about how physically active you are, can in itself lead to 
increased PA on a regular basis60.

 e. Environment 
Even though the term ‘literacy’ refers to effective interaction with 
the world, current assessment tools of physical literacy give ample 
attention towards the environment. The environment incorporates a 
spectrum from the individual’s most immediate environment, such 
as family and peers, to the general environment, such as cultural 

beliefs61. Environmental factors can be split into the social environment and the physical 
environment as is common in the ICF-CY14.

Physical environment and wheelchair mobility
For youth with and without a disability, the physical environment can act as a facilitator 
or barrier towards becoming physically active12,62. For example, playgrounds in the 
Netherlands are often not inclusive for youth with a disability, limiting their opportunity 
to be physically active around their home63. Through increased wheelchair mobility, some 
obstacle in the physical environment, e.g. a curb, might no longer be perceived as a barrier 
to cross a street 12. Or as explained in the example of Sophie, after the WMS training, the 
thresholds in her friend’s house where no longer a barrier towards independent mobility.

Social environment and wheelchair mobility
The social environment plays an important role in the physical, social and psychological 
development of all youth, including those with a disability64. This was the reason for 
pediatric rehabilitation to change their approach of delivering health care from child-
centered care to family-centered care65. One of the key factors to improve family-centered 
care is to empower parents/caregivers by providing information66. From remarks of parents 
involved in this thesis it became clear that youth and their parents are not sufficiently 
provided with information about what WMS are possible in a wheelchair and how 
settings of a wheelchair (e.g. anti-tippers) can facilitate or hinder wheelchair mobility. 
As mentioned by a parent: “eye-opener, there is so much more possible in a wheelchair, than 

I previously thought!”.

The parental beliefs about the wheelchair and awareness of WMS possibly influence 
the development of WMS in youth using a manual wheelchair, through overprotection 
or stimulation of independent wheelchair mobility. As mentioned by the mother of 
Sophie (example 1), we do not have any expectations on which WMS should or could 
be achieved at different stages in childhood. With no frame of reference, the social 
environment can possibly act overprotective or underestimate which WMS could be 
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achieved. Overprotection and underestimation is more common in children with a 
disability than typically developing peers, and can cause lowered self-esteem and failure 
to reach their full potential67,68.

To help build a frame of reference for parents/caregivers and health care professionals, 
more insight is needed about which WMS are appropriate for the child’s age. Future 
research towards increasing wheelchair mobility in youth should include the beliefs 
towards a wheelchair and WMS of the immediate social environment (family and 
health care professionals) as this seems to be an area where there is a lot of room for 
improvement.

This section reported on valuable lessons for clinical practice and research regarding the 
assessment and attention for development of physical literacy in youth using a manual 
wheelchair. It described how wheelchair mobility is an important aspect to consider in 
every attribute of physical literacy for youth using a manual wheelchair.

 3. Spinning the wheel of  physical literacy
The overall level of PA in youth using a manual wheelchair is low3,6,69. 
Assessing the different attributes of physical literacy is important, but 
we also need to spin the wheel of physical literacy in youth using a 
manual wheelchair to have long term increases in PA. In Chapter 6, 
we found a long term significant increase in PA which could possibly be 
explained by increasing physical fitness (physical competence) through 
an exercise training, by increasing (confidence in) wheelchair mobility 

through a WMS training or by the combined effect of these training programs. Due to the 
design of the study, which evaluated the combined effect of exercise and WMS training, it 
was not possible to assess or compare the effects of individual training programs on long 
term increases in PA. However, when looking more closely at all the different attributes 
of physical literacy that were impacted by the WMS training program, it is possible that 
the WMS training program generated a larger long term increase in PA compared to the 
exercise training.

Wheelchair mobility Skills Training

Most parents/caregivers, youth and health care professionals were very enthusiastic 
about the WMS training sessions. These sessions addressed a gap in current pediatric 
rehabilitation, where insufficient attention was placed on improving wheelchair mobility. 
The success of the WMS training session can possibly be explained by looking at the 
complexity of all the interrelated attributes of physical literacy that started spinning in 
the WMS training program, which also occurred in the examples in box 1 and 2.
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First of all, three of the training sessions were given by KJ-Projects, a wheelchair 
skills training foundation which is the current expert in giving WMS training in the 
Netherlands70. The trainers are wheelchair users, who act as a trainer and role model71 
for youth and their family to create awareness of the kind of WMS that are possible in 
a wheelchair and that being in a wheelchair can be fun (social environment, affective)! 
This enjoyment was reflected in the motivation to participate in training sessions by 
youth using a manual wheelchair, as reported by health care professionals (Chapter 6). 
By comparison, health care professionals reported on lower levels of motivation for the 
exercise training program. Secondly, youth trained in groups where they can experience 
learning new skills (physical) together with peers and act themselves as role models on how 
to acquire new WMS (social environment)72. As one participant commented: “I practiced 

a lot, as we now do ‘Fit For The Future’ during break time on the school playground”(PA 

behavior). Thirdly, the sense of accomplishment when acquiring a new difficult WMS 
(physical) almost automatically leads to increased confidence (affective)52. Fourthly and 
possibly the most important of all, was the inclusion of parents/caregivers in the WMS 
training sessions both in and outdoors. Here, parents/caregivers saw all the WMS their 
child could do and also learned how these WMS can be practiced in daily life (social 
environment)73. Some parents mentioned that they realized they helped their child too 
much, limiting the development of independent wheelchair mobility. At the same time 
participants and their parents/caregivers became aware of which WMS are necessary to 
learn to become independent in wheelchair mobility (cognitive) and may have noticed 
that the settings of their wheelchair hindered independent mobility (e.g. anti-tippers, 
wheelchair weight).

From this description above it becomes clear that the WMS training program has a 
broader effect than simply learning mobility skills in a wheelchair, as several attributes in 
the wheel of physical literacy started spinning. The measurement instruments developed 
in this thesis were able to assess some of these effects (WMS, confidence in wheelchair 
mobility and PA), but did not capture the complex interaction between attributes and with 
the social environment which in unique for every individual. The intervention reported in 
Chapter 6 used a ‘One size fit all’ approach, given similar attention to the development 
of physical competence, motivation, confidence, knowledge and understanding towards 
PA behavior in all participants and their parents/caregivers. Future research towards 
physical literacy in youth using a manual wheelchair, should take into account the unique 
individual development of physical literacy. More or less emphasis on separate attributes 
or a combination of attributes in interaction with the social environment could possibly 
spin the wheel of physical literacy faster in youth using a manual wheelchair.
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METHODOLOGICAL CONSIDERATIONS

In this thesis, practice based research was used as strategy to deliver practical relevance, 
while maintaining scientific rigor74. Practice based research uses questions derived 
from practice to develop knowledge that can directly support, transform or improve 
practices. In this thesis, questions from practice were formulated by KJ-Projects and 
physiotherapists, occupational therapists and PE teachers of De Hoogstraat Rehabilitation 
and De Trappenberg Rehabilitation. The main question was to assess if WMS training is 
an effective method to improve WMS in youth using a manual wheelchair.

Practice based research tries to address the gap between ‘rigor’ and ‘ relevance’. Bridging 
this gap has been a topic of scientific debate for over 60 years75, as reaching highly relevant 
practice might have less academic rigor or vice versa. Practice based research, also called 
action research, takes place between the so called ‘four contexts’ (figure 3)75. Randomized 
control trials take place within context IV, contributing to theory with often limited 
practical value.

One of the strengths of using this practice based research strategy is that the results of 
this thesis generated highly relevant knowledge for clinical practice (context I.). The 
use of a heterogeneous sample which is representative for the population of wheelchair 
users in special needs schools in the Netherlands and the collaboration with health care 
professionals, youth and their parents/caregivers to develop measurement tools and 
intervention, generated knowledge that can be directly applied in special needs schools. 

Figure 3. Positioning the research strategy of  thesis ‘wheelchair mobility skills from test to trai-
ning’ (blue circle) within model of  action research75.
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This can be seen in the long list of clinical implications (see section below) that resulted 
from this thesis, of which many of them can be directly implemented in clinical practice. 
Moreover, during this thesis, physical therapists, occupational therapists and PE teachers 
of the involved rehabilitation centers/schools were trained and schooled in administering 
the UP-WMST 2.0, exercise training and WMS training protocol. Together with the 
use of exercise tests that are already commonly used in rehabilitation, these centers now 
have the tools and knowledge to continue with WMS and exercise trainings (context 
III. developing professions). After their participation in the intervention study, several 
special needs school, have implemented the WMS training program in their rehabilitation 
program for youth using a manual wheelchair (context II. improving institutions).

As mentioned above, the heterogeneity of the sample adds to the relevance of this thesis, 
but at the same time leads to large individual differences on the effect of the combined 
intervention in Chapter 6. This large variation in combination with a relatively small 
sample can give statistical challenges in detecting significant change. Even with these 
statistical challenges the results of the multi-level model analyses were highly significant 
(P< 0.01), contributing to the strength of the conclusion that the combined training 
appeared to have a positive long term results on PA, (an)aerobic performance, WMS and 
confidence in wheelchair mobility.

The balance between practical value (context I.) and academic rigor (context IV.) is an 
important point to consider when developing practice based research. One lesson that 
could be learned from the intervention study in Chapter 6 about the balance between 
context I. and IV., is to improve the transparency in selecting participants. In our study, 
health care professionals at the local rehabilitation centers/schools played a role in 
contacting participants to participate in the research. From the graphs included as an 
appendix in Chapter 6, we can see that even though there was no statistical difference 
(possibly due to the large variation), one group (WMS before Exercise) had on average a 
lower physical fitness than the other group (Exercise before WMS) before commencing 
the training program. The group with lower fitness showed a higher increase after the 
combined training, than the group with a higher fitness. These results indicate a larger 
effect of WMS before exercise training compared to exercise before WMS training on 
physical fitness. However, one should be aware that the between groups difference in effect 
can also be caused by a statistical phenomenon called ‘regression towards the mean’ 76.

The difference between groups at the start of this study (Chapter 6), could possibly 
have occurred through selection bias, as one training protocol (WMS before or after 
exercise) was used per rehabilitation center/school. The difference between centers in 
which participants to contact could also lead to different samples per training protocol. 
Another explanation for the difference between the groups could be a difference in the 
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level of attention WMS and physical fitness has received in the rehabilitation program 
at the centers/schools, leaving more or less room for improvement. As the collaboration 
with clinical practice is an inherent part of practice based research, a recommendation 
for future research is to gather extensive information about factors which could influence 
baseline outcomes or the effect of an intervention and that could differ between clinical 
practices.

When looking at the model of action research, another direction for future research would 
be to have more attention for professional development (context III.) and institutional 
organizations (context II.) when aiming to support, transform or improve practices. 
As described above in section 2c. (knowledge and understanding of the wheelchair), 
it becomes clear that many occupational therapists, physical therapists and wheelchair 
suppliers lack the appropriate knowledge and understanding of wheelchair settings 
and WMS training in youth using a manual wheelchair. Even though professional 
development has likely occurred in the health care professionals involved in the studies 
in this thesis, as they received training on how to assess and train WMS in youth using 
a manual wheelchair, this was not part of the assessments used in this thesis and a 
recommendation for future action research. In order to increase the general knowledge 
in physical therapist and occupational therapist regarding wheelchair mobility in youth 
using a manual wheelchair, educational institutions (context II.) should incorporate 
lessons regarding wheelchair mobility assessment, training and/or wheelchair settings 
in their education program59 or this should be made available through a post graduate 
course. A first step to introducing this theme in the education program of health care 
professionals involved with youth using a manual wheelchair in the Netherlands, has been 
made by the Master of pediatric physical therapy from the HU university of Applied 
sciences Utrecht and Windesheim Master of physical education and sport pedagogy. 
Both educational institutions (context II.) have recently introduced WMS training and/
or WMS assessment in their education program.

CLINICAL IMPLICATIONS

For all youth who receive a manual wheelchair and their family it is of utmost importance 
to create awareness of all the possibilities a wheelchair can offer to participate in physical 
activities. During the selection process of the first wheelchair, immediate attention and 
information about wheelchair settings and WMS that facilitate wheelchair mobility needs 
to be provided by health care professionals to parents/caregivers and child. Moreover, in 
all youth who uses a manual wheelchair, WMS and confidence in wheelchair mobility 
should be evaluated at different stages in childhood. Based on these evaluations, WMS 
training involving the parents/caregivers might be indicated.
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Professional development

 • Educational institutions of health care professionals, such as physical therapy and 
occupational therapy, should include an education program regarding wheelchair 
mobility. As health care professionals should have a basic level of WMS in order to 
be able to teach WMS to youth using a manual wheelchair. At the same time they 
should realize their limitation as ambulating person and acknowledge the important 
influence a role model (experienced wheelchair user) has to motivate participants 
(and their parents/caregivers) to learn WMS.

 • Educational institutions of health care professionals, such as physical therapy and 
occupational therapy, should include an education program regarding wheelchair 
settings. Through improved knowledge and understanding of wheelchairs, health 
care professionals can play an important role in learning a child and their parents/
caregivers about the importance of wheelchair maintenance (tire pressure, cleaning 
front casters) and wheelchair settings.

Assessment of  wheelchair mobility
 • As there can be a discrepancy between capacity and confidence, it is important to 

detect which aspect hinders performance of WMS in daily life and could possibly be 
improved through an intervention.

 • The UP-WMST 2.0 evaluates the capacity to perform basic and some more complex 
WMS in youth using a manual wheelchair. A very low score on the UP-WMST 
2.0 can indicate that the participant might experience problems with independent 
participation in wheelchair activities. A very high score indicates a participant has 
the capacity to perform basic and complex WMS as assessed in the UP-WMST 
2.0. Participants with a high UP-WMST 2.0 might still experience problems with 
performing more complex WMS in daily life (for example, going down 3 steps) and 
could still benefit from a more advanced WMS assessment and training.

 • To gather reliable results on multiple assessments of the UP-WMST 2.0, it is 
important to measure the tire pressure of both wheels and administer the UP-WMST 
2.0 on the same surface, with the same instructions and instructor as advised in the 
UP-WMST 2.0 manual.

Wheelchair mobility skills training

 • Wheelchair mobility skills training has a larger impact than just learning mobility 
skills in a wheelchair. It can also increase the confidence in wheelchair mobility, build 
enjoyment of moving around in a wheelchair and possibly change parental beliefs 
towards WMS and being in a wheelchair.

 • Involvement of parents/caregivers in the WMS training of their child is important. 
This will create awareness in the parents/caregivers of what kind of WMS are possible 
in a wheelchair and how this can be taught/trained in everyday life.
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 • Role models and peer group training sessions increases the motivation to learn new 
WMS.

 • In this thesis, the effect of WMS training and exercise training were evaluated in 
participants who use a wheelchair on a daily basis and attended schools for special 
education. Possible similar benefits can be found in youth using a manual wheelchair 
who attend regular education schools or use a wheelchair for long distances/sport.

Physical Activity and physical literacy

 • The model of physical literacy depicted in figure 2 can be used by health care 
professionals in their clinical reasoning to give attention to possible important factors 
that can change and sustain PA in youth using a manual wheelchair. In addition 
to the usual focus in pediatric rehabilitation on ability (physical competence), 
this model makes it clear to also focus on motivation, confidence, knowledge and 
understanding towards PA and give attention towards the influence of the physical 
and social environment.

 • A combination of WMS and Exercise training leads to a larger increase in PA in 
youth using a manual wheelchair, compared to the effect of a single training (WMS 
or exercise).

DIRECTIONS FOR FUTURE RESEARCH

The studies reported in this thesis are one of the first to address the gap in literature 
towards wheelchair mobility in youth using a manual wheelchair. As wheelchair mobility 
is a pre-requisite for being able to participate in physical activities, it is of critical 
importance to increase the knowledge in literature and clinical practice through further 
research on wheelchair mobility in youth using a manual wheelchair. Researchers should 
strive to collaborate internationally to reach larger sample sizes and generate more power 
of tests in this heterogeneous population. Further longitudinal research will improve the 
interpretation of measurement outcomes against the natural variability that can occur 
due to e.g. seasonable variations or the natural development of youth.

Professional development

 • Future action research should be aimed at developing education programs on 
wheelchair mobility for health care professionals working with youth using a manual 
wheelchair.

 • Future action research aimed at supporting and improving the pediatric rehabilitation 
care of youth using a manual wheelchair should include a transformation in 
institutional organizations (e.g. legislation, wheelchair suppliers, rehabilitation 
centers) to ascertain long term changes in clinical practice.
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Wheelchair mobility skills training

 • Future research towards WMS training in youth using a manual wheelchair, should 
be aimed at assessing the important role the social environment has on developing 
WMS. Moreover, future research should assess if WMS training of parents/caregivers 
can facilitate the development of wheelchair mobility in very young children.

 • Future research should be aimed at evaluating the effect of WMS training on 
developing wheelchair mobility and improving WMS in pre-school children who use 
a manual wheelchair, youth using a manual wheelchair who attend regular education 
in the Netherlands and youth who only use a wheelchair for longer distances.

 • Future research should be aimed at developing age appropriate WMS training goals/
content. Through for example describing which WMS are necessary to independently 
participate in activities appropriate for the child’s age (toddler, child, adolescent). This 
description can help build a frame of reference and awareness in parents/caregivers 
and health care providers on which WMS are recommended to independent perform 
at a certain age.

Assessment of  wheelchair mobility
 • Future research should focus on developing a measurement tool aimed at assessing 

the performance of WMS in daily life of youth using a manual wheelchair.
 • Future research should be aimed at developing and evaluating WMS in very young 

(pre-school) manual wheelchair users.
 • Future research towards assessing wheelchair mobility in youth should include an 

evaluation of propulsion method, such as propulsion technique and/or power output.

Physical Activity and physical literacy

 • Future research towards physical literacy in youth using a manual wheelchair, should 
evaluate if it is possible to improve individual or a combination of attributes of 
physical literacy and whether these improvements lead to an increase and sustain 
PA behavior.

 • When developing or evaluating new interventions aimed at increasing and sustaining 
PA in youth using a manual wheelchair, future research should take into account the 
individual unique development of physical literacy as ‘one size does not fit all’. More 
or less emphasis on separate attributes or a combination of attributes in interaction 
with the social and physical environment might make it possible to spin the wheel 
of physical literacy faster in youth using a manual wheelchair.

 • Future research should be aimed at developing measurement instruments for assessing 
the motivation, confidence, knowledge and understanding of wheelchair mobility in 
youth using a manual wheelchair.

 • Future research should be aimed at developing PA guidelines for youth using a manual 
wheelchair.
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 • One of the most urgent steps forward is to develop a commercially available activity 
monitor that can be used by youth using a manual wheelchair to inform them and 
their parents/caregivers about their PA behavior on a daily basis.
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ACHTERGROND

Kinderen en jongeren met een beperkte loopfunctie door bijvoorbeeld Cerebrale Parese 
of Spina Bifida, maken in het dagelijks leven gebruik van een handbewogen rolstoel. 
In Nederland worden kinderen met een fysieke beperking, zoals bij Cerebrale Parese of 
Spina Bifida, vanaf het moment van diagnose doorgestuurd naar een kinderrevalidatie 
team om hun gezondheid en ontwikkeling te ondersteunen en stimuleren. Om hun 
participatie te bevorderen krijgen veel van deze kinderen al op jonge leeftijd een rolstoel 
om binnen en/of buitenshuis te gebruiken. Hoewel het oefenen en leren omgaan met 
hulpmiddelen (bijvoorbeeld een spalk of prothese) een belangrijk onderdeel is van een 
revalidatiebehandeling, is er in de kinderrevalidatie onvoldoende aandacht voor het 
zelfstandig leren rijden en manoeuvreren in een rolstoel. Dit moet veranderen, omdat 
het ontwikkelen van rolstoelvaardigheden de zelfredzaamheid kan vergroten en kinderen/
jongeren dan meer mogelijkheden hebben om mee te kunnen doen in de maatschappij. 
Hierbij kan gedacht worden aan het buiten spelen of zelfstandig naar een vriendje gaan. 
Om kinderen en jongeren in dit proces te begeleiden en ondersteunen in het belangrijk 
om de rolstoelvaardigheden van kinderen in kaart te kunnen brengen. Zowel in praktijk 
als onderzoek is er tot op heden nog nauwelijks aandacht geweest voor het meten en 
trainen van rolstoelvaardigheid bij kinderen.

Het doel van dit proefschrift is om bij te dragen aan het verbeteren van rolstoelvaardigheid 
bij kinderen en jongeren in een handbewogen rolstoel. In dit proefschrift willen we 1) 
valide en betrouwbare meetinstrumenten ontwikkelen om de rolstoelvaardigheid en het 
zelfvertrouwen in het gebruik van de rolstoel in kaart te brengen; 2) de validiteit bepalen 
van een activiteiten monitor bij kinderen en jongeren in een rolstoel; 3) evalueren wat 
de effecten zijn van een combinatie van rolstoelvaardigheidstraining en fitheidstraining 
op de fysieke activiteit, fitheid, zelfvertrouwen en de rolstoelvaardigheid bij kinderen en 
jongeren in een handbewogen rolstoel.

WAT ZIJN DE UITKOMSTEN VAN HET ONDERZOEK?

Deel 1: Ontwikkeling van meetinstrumenten
Hoofdstuk 2 is een combinatie van kwalitatief en kwantitatief onderzoek. De huidige 
kennis uit de literatuur over rolstoelvaardigheidstesten bij volwassenen is gecombineerd 
met de mening van kinderen en jongeren, ouders en de klinische expertise van 
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zorgprofessionals over welke rolstoelvaardigheden relevant zijn voor kinderen en jongeren 
in een handbewogen rolstoel. Op deze manier zijn 15 items, zoals voorwaarts rijden, 
slalom, verhoging op- en afrijden geselecteerd. Deze items vormen samen de nieuwe 
rolstoelvaardigheidstest voor kinderen en jongeren. Vervolgens is de haalbaarheid van 
het afnemen van de nieuw ontwikkelde rolstoelvaardigheidstest voor kinderen en 
jongeren geëvalueerd. In hoofdstuk 3 zijn de psychometrische eigenschappen van deze 
rolstoelvaardigheidstest verder geëvalueerd. In de methode staat beschreven hoe de 
tijdscore per item omgezet kan worden naar een ordinale score, waarmee een totaal score 
voor de test kan worden berekend. De gevonden resultaten voor de betrouwbaarheid, 
validiteit en responsiviteit laten zien dat deze test goed te gebruiken is bij kinderen en 
jongeren om hun rolstoelvaardigheid te meten.

In het onderzoek beschreven in hoofdstuk 4 is er een combinatie van kwalitatief en 
kwantitatief onderzoek gebruikt om een bestaande vragenlijst over het ‘zelfvertrouwen in 
gebruik van de rolstoel’ voor volwassenen aan te passen voor kinderen en jongeren. In een 
eerste fase is er een vertalingsproces doorlopen, waarbij de originele Canadese versie die 
ontwikkeld was vertaald is naar het Nederlands. Vervolgens zijn focusgroepen gehouden 
met kinderen, jongeren, ouders en zorgprofessionals met als onderwerpen; duidelijkheid 
over het begrip zelfvertrouwen voor kinderen en jongeren, en de geschiktheid van 
bestaande vragen voor de Nederlandse situatie. Op basis van deze informatie is de 
vragenlijst aangepast zodat deze geschikt is voor kinderen en jongeren in een handbewogen 
rolstoel in Nederland. In een laatste fase is de interne consistentie van de vragenlijst 
als goed beoordeeld. Ook zagen we een duidelijk verband tussen de uitkomsten op de 
zelfvertrouwen vragenlijst en de resultaten van de rolstoelvaardigheidstest, wat duidt op 
een goede construct validiteit. Dit was niet bij iedereen het geval. Een aantal deelnemers 
liet veel zelfvertrouwen zien bij een lage score op de rolstoelvaardigheidstest. Het is 
daarom belangrijk om zowel het zelfvertrouwen als de rolstoelvaardigheid te meten bij 
kinderen en jongeren in een handbewogen rolstoel.

Deel II Validiteit van een activiteiten monitor
In hoofdstuk 5 rapporteren we dat de criterium validiteit van een activiteiten monitor 
(Activ8) voor het meten van ‘actief rolstoel gebruik’ bij kinderen en jongeren in 
een handbewogen rolstoel goed is. Deze activiteiten monitor is in eerder onderzoek 
gevalideerd bij volwassenen in een rolstoel, waarbij er 1 sensor op de pols werd geplaatst 
en 1 sensor dichtbij de as van het grote wiel. Door de combinatie van deze 2 sensoren 
is het mogelijk om actief rolstoel gebruik (rijden en manoeuvreren) te onderscheiden 
van bijvoorbeeld geduwd worden in een rolstoel (wielsensor is actief, polssensor is niet 
actief ) of stilstaan. Hoewel de activiteiten monitor goed ‘activiteit’ kan detecteren, is 
deze niet goed om verschillende activiteiten in de rolstoel te onderscheiden. Zo is de 
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activiteitenmonitor bijvoorbeeld niet in staat om het onderscheid te maken tussen snel 
rijden en langzaam rijden.

Deel III effect van interventie
In hoofdstuk 6 beschrijven we de positieve lange termijn effecten van een combinatie 
van rolstoelvaardigheidstraining en fitheid training op de fysieke activiteit, aerobe en 
anaerobe prestatie, zelfvertrouwen in het gebruik van de rolstoel en rolstoelvaardigheid. 
Vanuit zes revalidatiecentra/mytylscholen in Nederland hebben 60 kinderen of jongeren 
meegedaan aan deze interventie studie, waarbij ze getraind hebben in groepjes van 4-6 
deelnemers onder begeleiding van een kinderfysiotherapeut, ergotherapeut en/of docent 
lichamelijke opvoeding. De fitheidstraining bestond uit twee sessies per week waarin 
een high-intensity-interval trainingsprotocol werd uitgevoerd gedurende acht weken. 
De rolstoelvaardigheidstraining bestond ook uit twee sessies per week gedurende acht 
weken. Hierbij werden er drie sessies (start, midden, eind) gegeven door KJ-projects. 
KJ-projects is een bedrijf dat al meer dan 10 jaar ervaring heeft in het geven van 
rolstoelvaardigheidstraining bij kinderen en volwassenen. Ouders/verzorgers waren 
aanwezig bij deze sessies, zodat zij konden zien hoe vaardig hun kind al is, hoe nieuwe 
vaardigheden konden worden geoefend en welke vaardigheden in een rolstoel nog meer 
mogelijk waren. Het thuis oefenen (met ouders/verzorgers) werd ondersteund door 
middel van video opnames met gepersonaliseerde instructies voor het kind.

Uit de resultaten van de studie bleek dat de volgorde van trainen (rolstoelvaardigheidstraining 
voor of na fitheid training) geen effect had op de meeste uitkomstmaten, behalve voor 
zelfvertrouwen in het gebruik van de rolstoel. Er werden geen effecten van de training 
gevonden op de cardiorespiratoire fitheid (shuttle ride test (VO

2peak)
), terwijl de aerobe 

prestatie (shuttle ride test (aantal trappen)) wel omhoog ging.

WAT ZIJN DE KLINISCHE IMPLICATIES EN RICHTINGEN 
VOOR VERVOLG ONDERZOEK?

Hoofdstuk 7, de algemene discussie, geeft een kort overzicht van de belangrijkste 
bevindingen van dit proefschrift. Vervolgens wordt er dieper ingegaan op deze resultaten 
en wordt bekeken of er nieuwe richtingen voor vervolg onderzoek en implicaties voor de 
praktijk kunnen ontstaan door de resultaten te bespreken vanuit een nieuw perspectief 
binnen de gezondheidszorg genaamd ‘Physical Literacy’. Dit perspectief op fysieke 
activiteit, gaat uit van de dynamische interactie tussen fysieke factoren (motorische 
capaciteit), affectieve factoren (het zelfvertrouwen en motivatie om te bewegen) en 
cognitieve factoren (kennis en begrip over het belang van bewegen) om te komen tot, 
en het behouden van, fysieke activiteit (leven lang bewegen). In dit hoofdstuk wordt 
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besproken hoe dit concept toegepast kan worden op kinderen en jongeren in een 
handbewogen rolstoel en op welke manieren rolstoelvaardigheidstraining mogelijk invloed 
heeft op het ontwikkelen van Physical Literacy. De rolstoelvaardigheidstrainingen hadden 
bijvoorbeeld een positief effect op het vergroten van het zelfvertrouwen in de rolstoel, 
waardoor mogelijk de motivatie om zelf te bewegen in de rolstoel groter werd.

Voor de dagelijkse praktijk heeft dit proefschrift een aantal belangrijke implicaties 
opgeleverd; 1) het is belangrijk om van jongs af aan bewustwording van de mogelijkheden 
in een rolstoel (vaardigheid en fysieke activiteit) bij kinderen en hun ouders/verzorgers 
te ontwikkelen, 2) scholing van zorgprofessionals over rolstoelvaardigheid is belangrijk, 
zodat zij kinderen/jongeren en hun ouders beter kunnen ondersteunen in het selecteren 
van een (actieve) rolstoel, leren over onderhoud van de rolstoel (bandenspanning!) en 
oefenen van rolstoelvaardigheden, 3) het is belangrijk om zowel de rolstoelvaardigheid 
als het zelfvertrouwen in het gebruik van de rolstoel op verschillende momenten in de 
ontwikkeling te meten, om zo samen met kind en ouders/verzorgers te kunnen bepalen 
of rolstoelvaardigheidstraining is geïndiceerd.

In de aanbevelingen voor vervolg onderzoek wordt de noodzaak voor verder onderzoek 
in deze doelgroep, kinderen en jongeren in een handbewogen rolstoel, besproken met 
daarbij enkele methodologische overwegingen. Ook worden aanbevelingen gedaan over 
verder onderzoek naar; 1) de professionele ontwikkeling op het gebied van de rolstoel 
en rolstoelvaardigheid bij kinderfysiotherapeuten en ergotherapeuten, 2) het meten en 
trainen van rolstoelvaardigheid, 3) het verbeteren van de fysieke activiteit en/of physical 
literacy bij kinderen en jongeren in een handbewogen rolstoel.
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Dankwoord

Ja, daar zijn we dan! Het schrijven van mijn dankwoord voor de afronding van mijn 
mooie en leerzame Phd-traject. Ik heb ontzettend veel geleerd en met heel veel plezier en 
enthousiasme aan de onderzoeken in dit proefschrift gewerkt. Ik voel mij echt bevoorrecht 
dat ik tijdens dit traject omringd ben geweest door betrokken collega’s, een ondersteunend 
en motiverend promotie team en mijn lieve vrienden en familie. Naast dat ik nog mensen 
specifiek wil bedanken, wil ik allereerst alle kinderen en jongeren en de ouders bedanken 
die de afgelopen jaren meegedaan hebben aan interviews, focusgroepen, vragenlijsten en 
alle testen die onderdeel waren van de dataverzameling. Het waren vooral jullie ervaringen 
tijdens en na de rolstoelvaardigheidstrainingen die mij een enorme ‘drive’ gaven om dit 
onderwerp meer aandacht te geven in de praktijk, het onderwijs en de wetenschap.

Als eerste wil ik mijn promotieteam als ‘team’ bedanken. Ik leg hier de nadruk op ‘team’, 
omdat ik mij als teamspeler heb gevoeld in onze gezamenlijke missie om hier een mooi en 
relevant proefschrift van te maken. De combinatie van jullie expertise en de persoonlijke 
betrokkenheid van jullie alle drie maakte ons tot een fijn promotie team. Jullie waren er 
altijd om mijn werk de goede richting op te begeleiden of om aan te geven dat het goed 
was om stapje terug te doen toen ik ziek werd door mijn zwangerschappen. Ik kon mij 
geen beter promotieteam wensen en wil jullie daarom als team en individueel bedanken 
voor jullie begeleiding.

Beste Janke, bedankt voor jouw fijne, goede en motiverende begeleiding. Vanaf onze eerste 
ontmoeting werd het mij al snel duidelijk dat wij dezelfde passie voor onderzoek hadden, 
waarin het altijd gaat over onderzoek waar je in de praktijk echt iets aan hebt. Daarnaast 
hebben wij op zoveel andere vlakken overlap: studeren aan de K.U. Leuven, getrouwd met 
een Engelstalige man en nu heeft mijn dochter ook nog dezelfde geboortedatum als jij. Ik 
heb zo ontzettend veel van jou geleerd over het doen van praktijkgericht onderzoek, maar 
vooral ook over de balans tussen werk en privé. Jouw ideeën voor het dissemineren van 
onderzoeksresultaten (zoals de klokhuisprijs), leken mij soms buiten mijn bereik, maar 
daar durfde ik dankzij jou motivering toch voor te gaan. Ik was dan ook echt in lichte 
paniek toen jij aangaf weg te gaan bij de Hogeschool Utrecht, maar kwam er gelukkig 
al snel achter dat jouw begeleiding op dezelfde manier doorging. Ik hoop nog lang met 
je te mogen samenwerken!

Beste Olaf, op mijn werk als kinderfysio bij de mytylschool Utrecht had ik al veel van 
mijn collega’s gehoord over hun oud-collega Olaf. Jij had jezelf vanuit jouw baan als 
fysiotherapeut doorontwikkeld tot onderzoeker binnen de Hoogstraat, waarbij je een 
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onderwerp vanuit de praktijk hebt onderzocht en de resultaten hebt laten terugvloeien 
in het dagelijks handelen van de kinderfysiotherapeut. Het combineren van praktijk 
en onderzoek was voor mij de reden om bij de Hoogstraat te gaan werken en ik had 
dan in jou direct het perfecte voorbeeld als co-promotor. Jouw expertise over het doen 
van onderzoek op mytylscholen heeft mij ontzettend geholpen bij de onderzoeksopzet 
en dataverzameling. Ook al was ons kantoor niet op dezelfde werkplek, jij was altijd 
snel en makkelijk bereikbaar om mee te denken aan een praktische oplossing voor een 
probleem waar ik mee zat. Ik wil jou bedanken voor jouw mogelijkheden om te denken 
in oplossingen, oog voor detail, corrigeren van mijn typfouten J, is het nou where of were? 
en tegelijk ook jouw focus voor het grotere verhaal als ik met mijn kop in de details vast 
zat en verdwaald was in het bos van de woorden, cijfers en statistiek. Ik hoop nog vaak 
met jou te mogen samenwerken.

Beste Anne, als promotor sloot jij als laatste aan bij mijn promotieteam en maakte 
het team compleet. Ik wil jou bedanken voor jouw begeleiding die mijn artikelen en 
onderzoek naar een hoger niveau hebben getild en nog belangrijker jou kritische blik 
waardoor altijd de klinische relevantie van het onderzoek op de voorgrond kwam. Ik 
denk dat er bij elke overleg telkens dezelfde vraag was, waarvan ik eerst een beetje van 
slag raakte en daarna inzag dat het beter en duidelijker omschreven moest worden. De 
‘waarom doe je dit’ vraag. Waar het voor mijzelf vaak al logisch was waarom ik bepaalde 
keuzes had gemaakt, nodigde jij mij uit om te blijven denken over de onderbouwing van 
die keuzes. Ik wil jou bedanken voor je betrokkenheid zowel persoonlijk als professioneel, 
jouw enthousiasme voor dit onderwerp, jouw duidelijke feedback en de stimulatie die jij 
mij gaf om onderzoek te doen en te blijven doen. Ik hoop dat wij elkaar in de toekomst 
blijven ontmoeten en dat ik ook dan weer veel van jou kan leren.

Geachte leden van de beoordelingscommissie, prof. dr. C. Veenhof, prof. dr. R.H.H. 
Engelbert, prof. dr. M.J. Jongmans, prof. dr. W.L. van der Pol en prof. dr. A.I. Buizer, 
graag wil ik jullie bedanken voor de tijd en aandacht die jullie aan de beoordeling van 
mijn proefschrift hebben besteed. Ik vind het een eer dat jullie mijn proefschrift wilden 
lezen en beoordelen en kijken uit naar onze gedachtewisseling tijdens mijn verdediging.

Onderzoek doen bij kinderen en jongeren in een rolstoel op de scholen was een grote 
logistieke uitdaging. Ik wil daarom alle betrokken therapeuten van mytylschool De kleine 
Prins, Merem Revalidatie, mytylschool Roosendaal, Roessingh Revalidatie, Libranet en 
Heliomare bedanken en specifiek: Laura, Jorinde, Gert, Sanne, Marleen, Femke, Desirée, 
Bram, Allard, Gerben, Maaike, Marieke en Saskia. Ook wil ik alle studenten bedanken 
die geholpen hebben bij de dataverzameling op de mytylscholen en bij de verwerking en 
analyses van de onderzoeksgegevens!
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Beste Harriët, bedankt voor de ontwikkeling die ik als junior onderzoeker naar Phd-
student en nu ook als post-doc onderzoeker mag doormaken. Het is de manier waarop 
jij jouw rol als Lector vertolkt, dat ik een hele fijne samenwerking heb met jou en met 
alle collega onderzoekers. Jij hebt het mogelijk gemaakt dat wij een goede samenwerking 
hebben in de projecten, maar ook in het gevraagd en ongevraagd feedback geven op 
artikelen, onderzoeksvoorstellen of congres praatjes. Mede dankzij deze ondersteuning 
ben ik nu trots op de artikelen die in dit boekje staan. Bedankt voor het stimuleren van 
de peer-support gesprekken, koffie kletspraatjes, knuffels/kaartjes voor mijn kinderen, 
vertrouwen in mijn kunde als onderzoeker, en sinds COVID-19 de inspirerende 
wandelingen langs Rhijnauwen.

Lieve (oud-)collega’s van het LLG: Manon, Marike, Imke, Eline, Janke O., Stefan, 
Tim, Kristel, Jacqueline N. Jacqueline O, Jan, Henri, Francois, Edwin, Michiel, Karlijn, 
Barbara, Ryan, Marlies, Martine, Han, Hannelies, Claudia en Sonja! Ik wil jullie allemaal 
bedanken voor de fijne samenwerking die wij als collega onderzoekers met elkaar hebben. 
Ik heb ontzettend veel geleerd van jullie op professioneel gebied, maar ook over hoe 
je werk en privé kan combineren of juist waar de uitdagingen daarin liggen J. Ik wil 
jullie bedanken voor jullie kritische feedback op mijn praatjes bij de peer-support 
groepen of KK overleggen, maar vooral ook voor de gezelligheid op meetdagen (Tim), 
congresbezoekjes, team’uitjes en de vele koffiekletspraatjes. Kristel, ik wil jou bedanken 
voor onze goede samenwerking in het afschrijven van het artikel in hoofdstuk 5.

Lieve Marleen en Tess, bedankt voor het delen van jullie ervaringen als ouder en kind. 
Tess, wat was je geweldig in de Klokhuisaflevering! Super mooi hoe jij hebt laten zien, hoe 
stoer het is om goede skills in je rolstoel te hebben. En Marleen, bellen met jou is altijd 
een leuke start met de ‘Marleen’ uitwisselingen. Bedankt voor het mooie voorwoord en 
ik wens je heel veel succes in je nieuwe carrière in de revalidatie wereld!

Lieve Paranimfen Manon, Marike en Lidwien. Of jullie er allemaal bij kunnen zijn tijdens 
mijn promotie is onzeker door de COVID-maatregelen, maar ik weet in ieder geval zeker 
dat ik zonder jullie nooit tot dit punt was gekomen. Manon, jouw promotieonderzoek 
was een van de aanleidingen om onderzoek te gaan doen naar rolstoelvaardigheden bij 
kinderen. We hebben daarom vanaf het begin gelijk veel samengewerkt, waarbij jouw 
expertise, motivatie en talent voor onderzoek mij ontzettend veel hebben geleerd. Ik ben 
vooral ook dankbaar voor de gezellige praatjes in de speeltuin met eerst jouw kinderen en 
daarna ook de mijne, en al die koffie’tjes die wij bij jou of mij thuis hebben gedronken of 
toch even wandelen om lekkere koffie te halen bij Cornelius. In onze overleggen lopen 
privé en werk onderwerpen vloeiend in elkaar over, waarbij wij beginnen over speelgoed 
van Lily en Faas dat leuk is voor Lara of Dain en eindigen in een leuke discussies over 
waar we naar toe willen met onze onderzoekslijnen of waar jij of ik zelf heen wil als 
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onderzoeker. Ik hoop nog veel met jou samen te werken en koffie te drinken! Marike, 
zonder ‘ie’. Samen met jou als collega docent en onderzoeker kon ik alle pieken en dalen 
in het doen van onderzoek, schrijven van artikels en combineren van onderzoek met de 
piekdrukte in het onderwijs delen. Omdat jouw Phd- traject ongeveer in dezelfde stadia 
verliep als het mijne, heb ik heel veel steun aan jou gehad om door te gaan waar het even 
minder snel/soepel ging dan verwacht en ook om de mooie prestaties te vieren. Zeker 
in het laatste jaar hebben wij ondanks het thuiswerken veel contact gehad via Teams of 
toch even live waar dat kon. Ik wil jou bedanken voor je lieve luisterende oor, kritische 
feedback, onze gedeelde ontdekkingstocht om het Phd-gebergte te beklimmen en de 
doorgestuurde qoutes zoals “the only way to do it….. is to do it!”. Ik kijk al uit naar jou Phd-
feestje dat er vast snel aankomt! Lidwien, mijn kleine zusje. Jij bent in zoveel opzichten 
hetzelfde als ik en tegelijk toch ook weer heel anders. Ik vind het ontzettend fijn dat jij 
naast mij staat bij alle grote gebeurtenissen in mijn leven. Ik wil jou bedanken dat jij er 
altijd voor mij bent en de gezelligheid brengt in onze vakanties, familie uitjes digitaal 
of live en hopelijk nog op vele spelletjes avonden, omni-toernooi, skivakanties en noem 
maar op! Lara (en Dain) willen heel graag op vakantie met Aunty Lien (uit te spreken 
als anti-lien) en ook ik hoop nog heel veel mooie herinneringen met jou te maken. Jouw 
Phd-traject ging anders dan verwacht en gehoopt, maar des te meer bewonder ik jou 
doorzettingsvermogen om jou Phd nu verder af te maken. Ik heb er alle vertrouwen dat 
jij dit kunt en ben er altijd mocht je hulp nodig hebben of willen feesten.

Lieve oud-collega’s van Mytylschool De kleine prins/Utrecht, jullie zijn met teveel om 
bij naam te noemen, maar verdienen zeker een groot dankwoord van mij. Ik wil jullie 
bedanken voor het mede-mogelijk maken van dit proefschrift. Jullie waren fantastische 
collega’s om mee samen te werken en hebben jullie altijd heel flexibel opgesteld om 
werkdagen te ruilen/overnemen, zodat ik mijn onderzoek kon uitvoeren. En niet te 
vergeten de gezellige borrels bij Buurten! Jullie school mag echt een voorbeeld zijn voor 
andere`n, over hoe je rolstoelvaardigheid onderdeel kan maken van de zorg die jullie 
aanbieden. Ik wil wel 1 iemand specifiek bedanken en dat is Laura. Het was jouw werk 
over de rolstoelvaardigheidstest die de basis heeft gevormd voor de test beschreven in 
hoofdstuk 2 en 3. En het is ook onder meer jouw passie voor dit onderwerp waardoor 
de rolstoelvaardigheidstrainingen op de mytylschool zo succesvol draaien. Ik hoop dat 
wij nog lang blijven samenwerken en dat ons rolstoelvaardigheidswerk nog veel kinderen 
mag bereiken.

Lieve mede phd-studenten van mijn TULIPS 2017 groep en mentor Prof. Louis Bont, 
bedankt voor het delen van jullie eigen ervaringen in jullie onderzoek en het luisteren en 
meedenken met mijn phd-reis. Dit netwerk heeft mij ontzettend gestimuleerd om mijn 
kop uit het Phd zand te halen om vooruit te kijken naar hoe ik mijn onderzoek, praktijk 
en prive leven vorm wil geven in de toekomst.   
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En dan KJ-projects, iedereen van het Wheelchairskillsteam en specifiek natuurlijk Kees-

Jan. Het was jouw ervaring in het geven van rolstoelvaardigheidstraining en de ‘drive’ om 
rolstoelvaardigheid op de kaart te zetten in Nederland dat wij zijn gaan samenwerken. 
Ik bewonder jouw passie en vechtlust om je hard te maken voor een onderwerp dat jij 
belangrijk vindt. Ik wil jou bedanken voor al jouw kennis en ervaring die jij gedeeld hebt 
met mij, studenten, fysiotherapeuten, ergotherapeuten, kinderen en hun ouders over 
rolstoelvaardigheid. Ik hoop dat wij samen onze plannen om een scholing te ontwikkelen 
voor therapeuten, ervaringsdeskundige rolstoelvaardigheidstrainers en/of ouders kunnen 
uitvoeren en op die manier nog meer kinderen en jongeren in een rolstoel en hun ouders 
kunnen bereiken.

Ik wil nog speciaal Sam en Sarah van het stripboek bedanken voor de illustraties die ik 
heb mogen delen in dit boek. Voor iedereen die na het zien van deze plaatjes interesse 
heeft gekregen in het stripboek kan je dit bestellen via samensarah.nl.

Lieve familie, vrienden en vriendinnen, bedankt voor jullie interesse in mijn onderzoek, 
maar vooral ook de gezellige momenten buiten het werk. Jullie zijn er altijd om samen 
mooie dingen te beleven en het werk even helemaal te vergeten. Ik wil nog specifiek 
Kim en Tarunai bedanken voor het vele oppassen, spelen met de kinderen en vooral 
ook de gezelligheid als de kinderen eindelijk slapen! Dear Jenny, Brian, Mike, Sean and 

Lisa, thank you for being a loving and kind family to me and my children. Lieve papa 

en mama, heel veel dank voor jullie ondersteuning aan mij en mijn gezin, de liefde en 
geloof in mijn kunnen als therapeut, onderzoeker en mens. Dankzij jullie heb ik mij zelf 
kunnen ontwikkelen tot de professional die ik nu ben, waarbij ik veel gebruik maak van 
de networking skills die ik geleerd heb van papa en van het creatieve oplossingsgericht 
denken van mama. Lieve Jeroen, Lieke, Karlien, Poini, Lidwien, Mike, nichtjes en 

neefjes, ik ben zo blij met onze gezellige ietwat drukke familie, hopelijk maken we nog 
veel mooie herinneringen samen.

Lara and Dain, being with you two is the most precious and wonderful experience of my 
life. I hope you two will keep on causing lots of trouble and laughter together! My dear 
sweet Phelie, thank you for all your support, proof reading of all my articles multiple 
times, your love, kind words and faith in me as a professional and as a mother. Ik hou 
van jou!
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