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Abstract 

Background Training programs grounded in educational theory offer a systematic framework to facilitate learning 
and outcomes. This scoping review aims to map the educational approaches documented for manual wheelchair 
training and to record intended learning outcomes and any relationships between learning theories, instructional 
design and outcomes.

Methods Eight databases; Cochrane’s Library, EMBASE, CINAHL, PubMed, Scopus, EmCare, Medline, ProQuest Nursing 
and Allied Health Database and grey literature were searched in September 2023, with citation chaining for relevant 
papers. Included papers related to manual wheelchair training programs/protocols describing intended wheelchair 
training outcomes for adults and/or caregivers. Data extracted included study characteristics, type of intervention, 
explicit learning theories, instructional design principles and intended learning outcomes. The International Classifica-
tion of Functioning and Kirkpatrick’s evaluation framework were used to organise intended outcomes.

Results Of the forty-four articles included in this review, only fourteen explicitly used a learning theory in the instruc-
tional design of training. Training outcomes most commonly related to changes in knowledge/skills of manual 
wheelchair users (Level 2b of Kirkpatrick’s evaluation (n = 43), with less emphasis on participatory outcomes. Training 
designs incorporating Social Cognitive Theory (n = 8) were more likely to explore long term training outcomes, com-
pared with other training designs.

Conclusion Wheelchair training programs that are designed using learning theory are more likely to produce learn-
ing outcomes that are retained and meaningfully applied. Such longer terms outcomes could have systemic cost 
and efficiency implications, such as reduction in wheelchair falls and readmissions to hospital. Deliberate integration 
of learning theory into manual wheelchair training design is recommended to support broad outcomes and long-
term learning. This design could synergise different learning theories.

Keywords Manual Wheelchair Training, Patient education, International Classification of Functioning, Kirkpatrick’s 
Evaluation Framework
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Background
Mobility, that is, the ability to move around in the envi-
ronment, is a foundation skill, enabling engagement in 
essential daily activities and participation in multiple 
aspects of community, social, and civic life. Mobility can 
be more challenging for wheelchair users who may expe-
rience lower levels of community participation compared 
to ambulatory individuals [1]. Multiple factors influence 
mobility outcomes for wheelchair users, including per-
sonal factors such as the cognitive, emotional, and func-
tional abilities of the user, as well as the physical built 
environment and the social environment, including avail-
ability and ability/willingness of professional or informal 
supports [2–4]. Low community participation is associ-
ated with loneliness, depression, increased morbidity 
and mortality, and increased health service burden [5–7]. 
An estimated 1% of the population relies on a wheel-
chair to assist with their mobility [8]. Due to the global 
ageing population, increasing prevalence of chronic and 
progressive conditions, increased rates of road traffic 
injuries, occupational injury, violence and humanitarian 
crisis, it is anticipated that there will be a proportionate 
rise in the number of people requiring a wheelchair [8, 9] 
and requiring training in wheelchair use.

Wheelchair training is well positioned to support com-
munity wheelchair use through targeted development of 
wheelchair skills, education on efficient biomechanical 
propulsion techniques and development of self-efficacy 
and confidence in wheelchair use, which in turn supports 
independence and occupational engagement [2, 5, 10]. A 
range of manual wheelchair (MWC) training approaches 
exist and some of these entail formalised protocols and 
training programs. Wheelchair training education may 
be delivered through individual [11–15] or group training 
[16–22] that is facilitated by either clinicians [23–28], or 
peer wheelchair users [16, 17, 21, 22, 29–31]. The train-
ing may use technology including virtual reality [32] and 
biofeedback methods [33–37]. Learning can occur within 
laboratory [33, 36, 38, 39], inpatient [23, 26, 27], or com-
munity settings [11, 16, 40] and is also offered online 
[14, 41]. The intensities for the training differ ranging 
from 10 min [33] to three to four hours [21] and can be 
offered over differing time periods, from one day [42] to 
two years [18]. Many wheelchair training programs focus 
on short term outcomes related to individual wheelchair 
skill acquisition and confidence (i.e. going forwards, 
going up slight incline, wheelie) or principles of biome-
chanical propulsion (i.e. contact angle, force, stroke fre-
quency) and a recent meta-analysis has demonstrated the 
effectiveness of many of these manual wheelchair train-
ing programs [43, 44]. However, limited empirical stud-
ies consider the long-term translation of these skills and 
knowledge and whether this learning has been applied 

beyond the context of training delivery, to participants’ 
everyday activities. Additionally, the large volume and 
diversity of training programs makes it difficult for ser-
vice providers to ascertain whether a training program 
supports the learning and contextual needs of the recipi-
ents of their training.

Wheelchair training has traditionally been situated in 
theories of social models of disability, medical models 
of disability and biomechanical theory, which direct the 
design of programs through influencing outcomes such 
as access and participation outcomes (eg. social model of 
disability), skill acquisition (medical model of disability) 
or upper limb strength (eg biomechanics). These theo-
ries are critical, as they inform how the training enables 
the intended outcomes. However, these theories do not 
intentionally direct the educational approach that under-
pins training design to inform “how” and “why” the learn-
ing occurs. Educational approaches include the design 
of training programs, including learning theories which 
inform approach and instructional design used to sup-
port the learning experience to achieve intended learn-
ing outcomes of wheelchair training programs. What is 
known, is that training programs that are underpinned by 
learning theory provide a framework to develop effective, 
appealing and reliable training that is systematic in its 
approach to support instructional efficiency and facilita-
tion of learning [45]. Personal factors influencing an indi-
viduals’ capacity to engage in training and the differing 
motivations and goals of individuals are important con-
siderations in developing training objectives that align 
with the aspirations of the individual [46, 47]. Objectives 
that are clearly articulated, realistic and offer flexibility 
create a foundation for effective communication, engage-
ment and evaluation, contributing to a positive learning 
experience [46]. Some known learning theories adopted 
in the design of manual wheelchair training include 
social cognitive theory, motor learning, situated learn-
ing and behavioral learning theory. Each of these theories 
offer perspectives and assumptions that contribute to the 
effectiveness of training methodologies. These theories 
and assumptions are highlighted in Table 1.

Instructional design encompassing progressive intro-
duction of knowledge, with opportunity for knowledge 
application within familiar settings is additionally impor-
tant for retention and transferability of knowledge and 
skills across different contexts, enhancing motivation to 
learn and encouraging problem solving and adaptabil-
ity [52]. Learning which includes peers can also support 
learning and enable the opportunity for feedback, which 
is important in supporting progress and growth [53].

The evidence for including educational design in train-
ing underpins the proposition that wheelchair training 
that incorporates a theoretically derived educational 
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approach will be more efficacious in facilitating long 
term meaningful wheelchair training outcomes than 
comparatively undertheorized or pragmatic approaches 
to training. Further clarity about educational design 
underpinning existing training programs will also sup-
port informed decisions about the appropriateness of dif-
ferent training programs for individuals, situations and 
contexts. This knowledge can be used to inform future 
education and training design.

Using a scoping review methodology, this paper seeks 
to clarify educational design used in existing wheelchair 
training programs, and uses Kirkpatrick’s evaluation 
framework to address the research question;

“What are the educational design principles and 
intended outcomes of MWC training programs and 
is there a relationship between learning theory and 
instructional design and outcomes?”

Methods
Aim
This research will specifically focus on the following aims;

• To identify MWC training programs that report 
explicit learning theory and instructional design and 
intended learning outcomes.

• To determine evaluation levels of MWC training 
programs, using Kirkpatrick’s evaluation framework.

• To determine if there is a relationship between learn-
ing theory and instructional design within training 
programs and the value/impact of the program on 
stakeholders including wheelchair users and their 
caregivers, health care providers and policy makers.

Approach to review
A scoping review [54] served as the basis for an explora-
tory analysis of learning design and the intended train-
ing outcomes within MWC training programs that are 
reported in the literature. A review protocol is available 
via Open Science Framework osf.io/h6yru. Kirkpatrick’s 

Evaluation levels [55] and the International Classifica-
tion of Functioning (ICF) [56] were used as frameworks 
to systematically map training outcomes. The outcomes 
mapped to the different Kirkpatrick levels included; 
participant reactions, changes in attitudes/perceptions 
or knowledge/skills, behaviour changes and changes 
in health and wellbeing. This framework has been used 
across medical and allied health education and enables 
a multi-dimensional approach to the evaluation of train-
ing programs that delivers a nuanced perspective on their 
learning outcomes. The ICF is an established and inter-
nationally recognised framework that acted as a means 
to map/classify the types of outcomes across personal 
factors, environmental factors, activities and participa-
tion and environmental factors. This allowed for further 
insights into intended outcomes of the MWC training 
programs.

Inclusion/Exclusion criteria
The search used the PCC framework (Participants, Con-
cept, Context) [57] to focus on MWC users and/or their 
caregivers and education/training on using a MWC 
across all contexts. Papers about wheelchair training 
programs or protocols describing an intended wheel-
chair training outcome were included. This excluded 
any reviews of literature ie., scoping reviews, systematic 
reviews, literature reviews; summary/position papers, 
surveys that were not specific to one wheelchair training 
program/protocol and any training programs where out-
comes were not measured or intending to be measured. 
Training pertaining to powered wheelchairs were delib-
erately excluded due to observed variations in upper limb 
exertion and propulsion mechanisms between manual 
and powered wheelchair users. Training that included 
solely paediatric wheelchair users or abled bodies users 
simulating as wheelchair users were also excluded to 
enable the capturing of literature nuanced to wheel-
chair training for adults/older adults. Table  2 outlines 
the inclusion and exclusion criteria for this research 
question.

Table 1 Learning theories and Descriptors

Name Author Year Descriptor

Social Cognitive Theory Bandura 1986 Emphasizes the role of observing others, cognitive processes and social experiences in determining 
behaviour and learning [48]

Motor Learning Theory Schmidt 1975 repeated practice and timely feedback is important for developing specific skill acquisition, improving 
biomechanics and generalizing these skills across different contexts [49]

Situated Learning Lave 1991 Posits that training is more effective when it is context specific ie., it involves tasks and environments 
that a wheelchair user will encounter [50]

Behavioural Learning Theory Skinner 1965 grounded in principles of behaviorism, where skills are demonstrated and practiced and observable 
behaviors are reinforced through feedback [51]
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Search strategy
A broad systematic search strategy, was conducted 
with support from a medical librarian. Eight data-
bases; Cochrane’s Library, EMBASE, CINAHL, Pub-
Med, Scopus, EmCare, Medline, ProQuest Nursing 
and Allied Health Database were searched in July 
2022 and updated in September 2023. Each database 
was searched by using MeSH headings (if applicable), 
synonyms, wildcards and truncations where appropri-
ate and all terms are included in additional file  1. A 
search for grey literature was completed in October 
2022 and repeated in September 2023 using Google 
scholar, TROVE, Open Grey NICE, SIGN, ECRI guide-
lines Trust, TRIP and focused websites including Aus-
tralian Association of Gerontology, the ISWP and a 
Google advanced search, including the top 300 results 
[58]. To reflect contemporary training approaches, only 
studies published after 1995 were included. Papers that 
were not available in English were excluded. Reference 
lists from literature reviews, scoping reviews, system-
atic reviews were screened for further relevant stud-
ies before being excluded. Final search results were 
uploaded and duplicates removed in EndNote and then 
exported into Covidence Systematic Review software 
for further deduplication.

Study screening and selection
Abstract and full text screening were conducted by two 
independent reviewers on 4212 articles using the devel-
oped inclusion and exclusion criteria. Reviewers dis-
cussed conflicts, until consensus was achieved. Following 
screening, 44 articles were included in the review, as 
shown in the PRISMA-ScR diagram in Fig. 1 [59].

Data extraction and synthesis
Data for extraction was guided by the research question 
and agreed on by members of the research team. The 
data charting table was iteratively updated as charting 
progressed. Data were charted pertaining to author, year 
of publication, country of publication, paper type, type of 
intervention, any explicit learning theory/ies identified. 
Other charting included; the facilitator of learning and 
the presence of instructional design principles includ-
ing modelling, problem solving, peer/group learning, 
scaffolding and feedback. Intended learning outcomes 
were examined and mapped using Kirkpatrick’s evalua-
tion framework (Fig. 2) by two reviewers who discussed 
and agreed to apply the Kirkpatrick’s levels according to 
the nature of the length and outcomes of the included 
programs [55]. Wheelchair skills and performance out-
comes measured immediately post-program (classified 

Table 2 Inclusion and exclusion criteria using participants, concept, context framework

Participants
Inclusion Exclusion

• MWC users and/or their caregivers who were commencing wheelchair use as adults
• Papers where only some participants meet the inclusion criteria (on the basis that they may have applicability 
to those commencing wheelchair use as adults)

• Able-bodied persons simulat-
ing wheelchair users includ-
ing clinicians and students
• Paediatric wheelchair users

Concept
Inclusion Exclusion

• Wheelchair training intervention or protocol describing an intended wheelchair training outcome
• Papers which had a mix of powered and manual wheelchair users

• Focus solely on exercise pre-
scription to support wheelchair 
use
• Exclusive training of powered 
wheelchair use
• Any reviews of literature ie., 
scoping reviews, systematic 
reviews, literature reviews;
• Summary/position papers
• Surveys that were not specific 
to one wheelchair training 
program/protocol
• Any training programs 
where outcomes have not been 
measured or intended to be 
measured

Context
Inclusion Exclusion

• Any setting including but not limited to; inpatient, community, virtual settings, homes of wheelchair users, residen-
tial care facilities, sports training centres/labs and schools/universities
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Fig. 1 PRISMA-ScR

Fig. 2 Kirkpatrick’s hierarchy
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as up to 4 weeks) were interpreted as Kirkpatrick’s Level 
2b (modified skills and behaviour) while skills and per-
formance outcomes measured > 4  weeks post program 
were interpreted as Kirkpatrick’s Level 3 (behavioural 
change), as this suggested transfer of skills. When behav-
iour change had a direct benefit to the wheelchair user/
caregiver it was interpreted to be Kirkpatrick’s Level 4b 
(improvements in health and wellbeing directly associ-
ated with training). Any conflicts between reviewers 
were discussed until consensus was reached. The WHO 
ICF was also used to map intended training outcomes 
to biopsychosocial outcomes including personal factors, 
environmental factors, activities and participation and 
body structures and functions. Results from the Kirk-
patrick’s analysis were cross referenced with the map-
ping of the ICF to explore any relationships between the 
intended learning outcomes extracted using the different 
frameworks.

Results
Study characteristics
All 44 papers were published between 2004 and 2023, 
most frequently in 2015 (n = 5), 2021 (n = 4) and 2016 
(n = 4). Papers were published across 11 countries (1 
unknown), most commonly within North America 
(Canada = 16, USA = 15, Mexico = 1), followed by Asia 
(Korea = 3, India = 1, Turkey = 1), Europe (Nether-
lands = 2, Norway = 1, Poland = 1), Africa (Morocco = 1) 
and Australia (n = 1). Papers were most commonly ran-
domized control trials (RCT)(n = 24) and Pre and Post 
Design (n = 8) but also included cohort studies (n = 3), 
mixed methods (n = 2), case studies (n = 2), qualita-
tive designs (n = 2), protocols (n = 2) and cross sectional 
design (n = 1). Various training programs and outcome 
tools were used across the papers, most commonly the 
wheelchair skills training program or adapted versions 
of this program (n = 12) and the wheelchair skills test or 
questionnaire (n = 22) Table 3 provides detail on included 
papers.

Learning theory and instructional design
An explicit learning theory was described as part of 
the background or study design in fourteen of the 44 
included papers. The most common learning theory 
identified was Social Cognitive Theory (n = 8) [76], where 
the instructional design included scaffolded learning 
(n = 7) live or video modelling (n = 8) via peer trainers 
(n = 4) or clinicians (n = 4) and verbal feedback on per-
formance (n = 6). The majority of these studies supported 
problem solving around wheelchair use (n = 7) and some 
incorporated peer or group learning (n = 3). Five papers 
reported using Motor Learning Theory [77] to concep-
tualise the study design, with educational procedures 

supported by clinicians (n = 4) or biofeedback technol-
ogy (n = 1) [13]. Two papers [12, 26] reported the use of 
modelling to support learning and four provided visual 
or verbal feedback. The others did not provide this, or it 
was not clearly stated. Problem solving and peer learning 
were not incorporated into the learning design of these 
papers. Situated learning theory [50] was described in 
one training program [21], where the learning process 
was shaped by participation amongst peer wheelchair 
users and peer trainers responsible for modelling skills 
[21]. Other than modelling of skills, this paper did not 
clearly describe other mechanisms utilized to facilitate 
wheelchair use.

Despite only 14 papers providing an explicit theoreti-
cal foundation for learning, the instructional design of 
the remaining 30 papers appeared to use insights from 
learning theories for their training design, but did not 
explicitly report this in the study design. The majority of 
training programs facilitated learning through instruc-
tion and feedback provided by wheelchair trainers (typi-
cally health professionals) (n = 21), peer wheelchair users 
(n = 2) or technology including wheelchair simulators 
that provide biofeedback (n = 7). While methodology 
was not always clear, in training programs that relied on 
technology to facilitate learning (n = 2), the instructional 
design principles used were reflective of a Behaviour-
ist approach to learning [78]. This approach included a 
structured focus on instruction, practice and feedback 
(n = 5), yet limited consideration of broader instruc-
tional design principles, including social (peer learning) 
and experiential learning (problem solving) and limited 
modelling (n = 2) [35, 79]. Training facilitated by a wheel-
chair trainer where there was no explicit learning theory 
(n = 21) often demonstrated explicit instructional design 
principles including; demonstration of specific wheel-
chair skills or propulsion style, live (n = 6) or via video 
modelling (n = 7); feedback provision (n = 7), social learn-
ing (group training) (n = 5) and a scaffolded approach to 
learning (n = 6). One study that did not explicitly identify 
a learning theory used problem solving to support wheel-
chair use [19]. Table 4 provides an overview of learning 
theories and instructional designs seen across the paper.

Kirkpatrick’s evaluation of outcomes
Training outcomes were mapped to Kirkpatrick’s eval-
uation framework, as outlined in Fig.  2 [55]. Training 
aligned to outcomes related to changed knowledge and 
skills of MWC users (Level 2b) was most commonly 
mapped across the papers (n = 43), followed by changes 
in MWC users/caregivers’ attitudes/perceptions (Level 
2a) (n = 17) and MWC users/caregivers perspectives of 
the learning experience (Level 1) (n = 17). There were 
a smaller amount of papers evaluating MWC users’ 
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Table 4 Learning theories and Instructional design

Authors 
Name

Learning 
Theory 
Explicitly 
Mentioned

Learning 
theory

Instructional design

Facilitated by 
who/what

Modelling 
Used

Problem 
Solving

Peer /group 
Learning 
Used

Scaffolding 
used

Feedback 
Provided

Beaudoin 
et al., [16]

Yes Social Cogni-
tive Theory

Peer wheel-
chair trainer

yes- peer 
trainer 
and group 
members

yes yes yes Yes- verbal

Best et al., [11] No atheoretical Experienced 
WC trainer

no no no yes not specified

Best et al., [17] Yes Social Cogni-
tive Theory

Peer WC 
Trainer

yes yes yes yes verbal feedback

Blouin et al., 
[34]

No atheoretical Technology—
WC Simulator

no no no no yes- visual 
and haptic 
feedback

Bonaparte 
et al., [60]

No atheoretical WC Trainers yes- video no no no verbal feedback

Charlton et al., 
[23]

No atheoretical WC Trainers yes no yes yes verbal feedback

Chen [12] Yes Motor Learn-
ing Theory

WC Trainers yes- video no no no Verbal and pro-
prioceptive 
feedback

Choi et al., [24] No atheoretical WC Trainers 
(PT)

no no no no not specified

Ctri [61] No insufficient 
detail

wheelchair 
trainer 
and Technol-
ogy

unclear unclear unclear unclear unclear

DeGroot et al., 
[35]

No atheoretical WC Trainer 
and technol-
ogy (Treadmill 
with biofeed-
back)

yes- via video no no no visual feedback 
(through 
technology) 
and verbal 
(trainer)

Desai et al., 
[62]

No atheoretical unclear unclear unclear unclear unclear unclear

Furmaniuk 
et al., 18]

No atheoretical unclear unclear unclear unclear unclear unclear

Garrett et al., 
[63]

No atheoretical unclear unclear unclear unclear unclear unclear

Giesbrecht 
et al., [29]

Yes Social Cogni-
tive Theory

Peer WC Train-
ers

yes- via videos yes no yes no

Giesbrecht & 
Miller [64]

Yes Social Cogni-
tive Theory

WC Trainer yes- live 
and via video

yes no yes yes- verbal

Giesbrecht & 
Miller [41]

Yes Social Cogni-
tive Theory

WC Trainer yes- live 
and via video

yes no yes yes- verbal

Giesbrecht 
et al., [65]

Yes Social Cogni-
tive Theory & 
Andragogy 
theory

WC Trainer yes- live 
and via video

yes no yes yes- verbal

Kirby et al., [13] Yes Motor Learn-
ing Theory

WC Trainer unclear no no no unclear

Kirby et al., [66] No Contained 
elements 
of Vygotsky’s 
sociocultural 
learning

WC Trainer yes- via video 
and live (if 
requested)

no no no yes- verbal
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Table 4 (continued)

Authors 
Name

Learning 
Theory 
Explicitly 
Mentioned

Learning 
theory

Instructional design

Facilitated by 
who/what

Modelling 
Used

Problem 
Solving

Peer /group 
Learning 
Used

Scaffolding 
used

Feedback 
Provided

Kirby et al., [42] No atheoretical WC Trainer yes- live 
and via video

no no no yes- verbal

Kirby et al., [25] No atheoretical WC Trainer not specified no no yes not specified

Kotajarvi et al., 
[33]

No atheoretical Technology- 
instrumented 
WC

not specified no no no visual feedback 
(via video)

Limroongre-
ungrat et al., 
[67]

No atheoretical WC trainer- 
not specified 
but assumed

unclear no no no yes video 
and verbal 
feedback

MacPhee, [26] Yes Motor Learn-
ing Theory

WC Trainers via video no no yes yes- verbal

McClure et al., 
[27]

No atheoretical WC Trainer via video no no no no

Miller et al., 
[19]

No atheoretical Peer trainer not specified yes yes yes no

Morgan et al., 
[28]

Yes Motor Learn-
ing Theory

WC Trainer not specified no no no yes visual feed-
back (mirrors) 
and verbal

Ozturk et al., 
[68]

No atheoretical WC Trainer not specified no no yes not specified

Park & Jung 
[20]

No atheoretical WC Trainer not specified no no yes not specified

Pellichero [30] Yes Social Cogni-
tive Theory

Peer WC User yes- live yes yes yes yes- verbal

Quinones-
Uriostegui 
et al., [69]

No insufficient 
detail

wheelchair 
trainer 
and technol-
ogy

unclear unclear unclear unclear unclear

Rice et al., [37] Yes Motor Learn-
ing Theory 
with elements 
of integrated 
cognitive load 
theory

Technology- 
biofeedback

no no no no yes- visual 
provided 
on a screen

Rice et al., [38] No atheoretical Technology- 
biofeedback

via video no no no visual feedback 
on screen

Rice et al., [70] Yes Social Cogni-
tive Theory

WC Trainer live instruction no no no no

Rice et al., [71] No atheoretical WC Trainer via video no no no no

Richter et al., 
[36]

No atheoretical Technology- 
biofeedback

no no no no yes- visual 
via screen 
in front of them

Routhier et al., 
[15]

No atheoretical WC Trainers no no no no no

Standal et al., 
[21]

Yes Situated learn-
ing

Peer WC User yes no yes no no

Tasiemski, 
et al., [22]

No atheoretical Peer WC user yes no Yes no no

Van Der 
Scheer et al., 
[72]

No atheoretical Wheelchair 
Trainer

no no no no no
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application of trained skills and behaviour (Level 3) 
(n = 14) and outcomes related to the health and well-
being of MWC users (Level 4b)(n = 12). There were no 
papers that reported on evaluating change to organi-
sational practice (Level 4a) (n = 0). Mapping of papers 
to Kirkpatrick’s Evaluation levels are detailed further 
below and summarised in Table 5.

Level 1: Learners’ view of the learning experience (n = 17)
Papers evaluating the learners’ view of the learning 
experience included those underpinned by the social 
cognitive theory (n = 3), motor learning theory (n = 3), 
situated learning (n = 1) and those that did not report 
a learning theory (n = 10). There was agreeance across 
papers that wheelchair users reported training as a ben-
eficial [13, 25, 41, 68, 73] fun, and engaging experience 
[11, 26, 30, 32, 65] that supports independence [13, 62]. 
Some users reported enjoying having a peer wheelchair 
user provide- training and identified having skills mod-
elled by peers as beneficial [21, 30]. This opportunity 
was reported to contribute to higher levels of moti-
vation for learning [21]. Some users also saw merit in 
having a professional instructor [30] and enjoyed 1:1 
training that could be personalised to a wheelchair 
users’ goals and be completed in the home environment 
[25]. Wheelchair users liked training to include both 
instruction and physical demonstration of wheelchair 
skills, opportunity to practice [20, 30, 64, 66] and provi-
sion of truthful and positive verbal feedback [30]. Situ-
ational learning opportunities, enhanced feedback [20], 
delivery of training as soon as possible after the onset 
of a condition, and longer duration of training provi-
sion were also suggested [20].

Level 2a: Changes in attitudes or perceptions (n = 21)
Twenty-one papers included outcomes related to atti-
tudes, including those underpinned by the social cogni-
tive theory (n = 7), motor learning theory (n = 2), situated 
learning (n = 1) and those that did not report on learn-
ing theory (n = 11). Outcomes measured included wheel-
chair use self-efficacy [16, 17, 30, 41, 64, 65] confidence 
in completing skills [13, 19, 23, 42] and perceived ease of 
wheelchair propulsion/performance of wheelchair skills 
[12, 13, 22]. Wheelchair training was linked with percep-
tions of increased skill acquisition, empowerment/sense 
of control [30], independence [13, 62], relief for caregiv-
ers [25, 62] and conquering fears surrounding wheel-
chair use [25]. Wheelchair users did not always want to 
engage in wheelchair training [23]. While many did not 
find wheelchair training to be emotionally or physically 
stressful [13, 42] others perceived advanced skills, level 
transfers and pressure relief as being difficult skills to 
learn [20, 68], and some felt learning to do a “wheelie” 
was fatiguing and dangerous [60].

Level 2b: Outcomes related to changes in knowledge or skills 
of a learner (n = 43)
Across the papers, the most commonly reported outcome 
for wheelchair training programs related to changes in 
wheelchair skills and knowledge, with this being included 
across forty-three studies. Of these studies, most were 
measured/were intended to be measured immediately or 
up to a week after the program (n = 40) and the remain-
der (n = 3) between two- and four-weeks post completion 
[12, 74, 75] or the time period was not clearly speci-
fied (n = 1) [30]. Acquisition of wheelchair skill capacity 
was most frequently captured through a version of the 
Wheelchair Skills Test (WST) or Wheelchair Skills Test 

Table 4 (continued)

Authors 
Name

Learning 
Theory 
Explicitly 
Mentioned

Learning 
theory

Instructional design

Facilitated by 
who/what

Modelling 
Used

Problem 
Solving

Peer /group 
Learning 
Used

Scaffolding 
used

Feedback 
Provided

Van Der 
Scheer et al., 
[73]

No atheoretical Wheelchair 
Trainer

no no no no no

Worobey et al., 
[74]

No atheoretical wheelchair 
trainer

yes- live no yes no no

Yeo & Kwon 
[75]

No atheoretical wheelchair 
trainer

no no yes no no

Yong Tai et al., 
[31]

No atheoretical wheelchair 
trainer

yes- live 
and video

no no no yes- verbal 
and visual 
feedback
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or Questionnaire (WST-Q) [60] (n = 28). Many papers 
reported improvements (n = 15) in capacity up to 4 weeks 
post program. Biomechanical efficiency was explored 
across thirteen papers, with most (n = 10) reporting 
improved mechanical efficiency for one or more varia-
bles, including push frequency, force, contact angle, push 
length, braking torque. Knowledge was also acquired 
from peers sharing their experiences [21].

Level 3: Change in behaviour (ie. application of new skills 
and knowledge) (n = 14)
Fourteen papers intended to/did evaluate the application 
of wheelchair knowledge and skills at least 4 weeks post 
program, most commonly between 30–90  days (n = 6) 
[15, 16, 62, 72, 75, 79], six months (n = 4) [19, 27, 29, 42] 
and between 9- 12  months (n = 4) [25, 30, 69, 71], with 
seven suggesting an improvement or maintenance of 
skills after the provision of training. Of these papers three 
were underpinned by the social cognitive theory [48], the 
rest reported no explicit learning theory (n = 11). Out-
comes/intended outcomes centered around wheelchair 
skill performance (n = 8), indoor and community mobil-
ity (n = 4) and wheelchair propulsion variables measuring 
mechanical efficiency (n = 3). Qualitative outcomes also 
reflected behaviour change including wheelchair users 
“no longer having to leave their MWC in the closet any-
more” [30] (p.195).

Level 4b. Reported improvements in health/wellbeing 
as a direct result of the program (n = 12)
Outcomes related to improvements in health and wellbe-
ing as a direct result of wheelchair training (n = 12), were 
more common in papers incorporating Social Cognitive 
Theory (n = 6, than those underpinned by motor learning 
theory (n = 1), situational learning (n = 1) and atheoreti-
cal/other papers (n = 4). Outcomes/intended outcomes 
centered around participant satisfaction with social par-
ticipation/engagement (n = 8), quality of life/changes to 
disability index (n = 4) and shoulder pain (n = 2). Papers 
reported mostly an increased satisfaction with social 
or activities of daily living participation (n = 7), positive 
(n = 2) [26, 41] or no significant change (n = 2) [16, 69] for 
quality-of-life outcomes. Shoulder pain did not signifi-
cantly change [71] or was reported to increase [27].

Intended outcomes mapped to ICF
Typically, the intended outcomes of MWC training 
designs were aligned most strongly to the activities and 
participation component of the ICF (n = 32), with a pre-
dominant focus on the attainment of single or multiple 
wheelchair skills (n = 26) and less emphasis on partici-
patory outcomes such as improving functional mobility 
(n = 7) and functional goal/ADL achievement outcomes 

(n = 4). There was also intent to improve outcomes related 
to body structures and functions (n = 16) across papers. 
These outcomes included multiple variables relating to 
wheelchair propulsion technique (n = 13), upper limb 
strength/performance (n = 3) [70, 73, 75], pain scores 
(n = 2) [27, 71] and ability to divide one’s attention when 
using the wheelchair (n = 1) [29]. Twenty-one papers 
included outcomes mapped to personal factors, which 
included psychological, emotional or social aspects that 
were unique to individuals. This most frequently included 
self-efficacy in wheelchair use (n = 8), confidence (n = 8) 
and Quality of Life (n = 8) [21]. There were four training 
programs that reported outcomes related to environmen-
tal factors [16, 21, 30, 69], that were most prominently 
related to social environments and relationships formed 
during wheelchair training (n = 4). Figure 3 visually maps 
the outcomes of papers across the ICF components.

Relationships between educational design and ICF 
findings
Programs that were designed using principles of Social 
Cognitive Theory had proportionately more intended 
outcomes related to personal factors within the ICF 
(n = 8, 100%) than papers using motor learning theory 
(n = 2,40%) or atheoretical/other papers (n = 11, 31%). 
Programs including Social Cognitive Theory in their 
training design were also proportionately more likely to 
have outcomes charted to the activities and participation 
component of the ICF (n = 7, 87.5%), compared to motor 
learning theory (n = 3, 60%) or those with an atheoretical 
or other design (n = 22, 70%).

There were similarly higher proportions of outcomes 
related to environmental factors with programs using 
Social Cognitive Theory within their training design 
(n = 2, 25%) [16, 30] compared to atheoretical study 
designs (n = 1, 3%) [69]. One training design underpinned 
by situated learning explored environmental outcomes 
(n = 1, 100%) [21]. Those study designs that were based 
on motor learning theory tended to have proportionately 
higher outcomes related to body structures and func-
tions (n = 3, 60%), than those using atheoretical/other 
design (n = 11, 35%) or Social Cognitive Theory (n = 2, 
25%). Table 6 details the learning theories and outcomes 
mapped to the ICF.

Discussion
Using learning theories to underpin and develop educa-
tional programs is important in creating and delivering 
learning experiences that are meaningful with outcomes 
that are sustained over time. As there are many pub-
lished studies that describe protocols and approaches 
to MWC training, this study examined how these train-
ing approaches were informed by educational theory, 
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the learning approaches that were reported as part of 
the instructional design of the included studies, and the 
range of intended outcomes of these studies.

Overall, only a small proportion of papers included in 
this review explicitly used theories of teaching and learn-
ing to guide MWC training. The inconsistent integration 
of learning theory into MWC training programs appears 
to be similar in other areas of healthcare practice edu-
cation, including falls prevention programs [80], where 
only a small amount of educational programs have been 
recognised to be grounded in an educationally robust 
theoretical approach [81]. Within tertiary institutions 
learning theories act to conceptually inform educational 
instructions, with the aim to foster the development of 
skill, knowledge and change in behaviour, performance or 
potential [82]. This derives from knowledge that training 
programs underpinned by learning theory provide struc-
ture to support a tailored approach to education that ena-
bles learners to engage and be empowered [82]. Training 
approaches that are not underpinned by a learning the-
ory do not always address the complex nature of training, 
including the preferences and cognitive processes that 

influence peoples’ responses to training programs [83]. 
In the context of wheelchair training, this suggests that if 
wheelchair service providers are to realise the long-term 
benefit of wheelchair training programs, then the integra-
tion of best-practice educational approaches is required.

This claim is supported by findings of the review which 
saw differences in outcomes of training designs that 
incorporated an explicit learning theory to those that 
did not. Studies that included a behaviourist approach 
to learning, often included a step-by-step approach to 
training, which was premised on shaping skill acquisi-
tion through demonstration, skill practice and feedback 
provision. These training designs gave limited considera-
tion to the broader context of the individual MWC users’ 
goals, motivations, cognitive and physical strengths/
weaknesses, and their participatory and contextual train-
ing needs. As such, outcomes of these programs mostly 
related to the acquisition of specific wheelchair skills, 
such as wheelies (captured under the activities and par-
ticipation component of the ICF) or improvement of 
a specific principle of propulsion biomechanics, such 
as push angle (captured under the body structures and 

Fig. 3 Outcomes mapped to the ICF
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functions component of the ICF). While the prescriptive 
nature of these training designs supports the easy trans-
lation of instruction across contexts, the one size fits all 
approach means that training may not be tailored to the 
needs/preferences/values of MWC users and does not 
situate training within the contexts that MWC users will 
need to apply their newly learned skills. The studies that 
focussed on biomechanical change or skill acquisition 
were in line with Kirkpatrick’s Level 2b outcomes, and 
generally excluded outcomes related to the personal and 
participatory outcomes of the users. Given this focus, it 
is uncertain whether these training designs provide out-
comes that will translate long-term to support commu-
nity integration/participation and quality of life across 
diverse contexts—including lower- and middle-income 
countries (Level 4b of Kirkpatrick’s evaluation levels).

Many of the included programs situated in atheoreti-
cal approaches to wheelchair training may benefit from 
a holistic approach to wheelchair training, including the 
inclusion of alternate learning theories to strengthen 
robustness of the educational outcomes and consid-
eration of how the intended participatory context of the 
wheelchair user could be integrated into the study design. 
Experiential learning opportunities, where learning is 
developed through doing and engaging in problem solv-
ing in real life situations, is one suggestion [84]. Using 
such an approach allows MWC users to reflect on the 
outcomes of their actions to further support and rein-
force their learning leading to behavioural outcomes that 
enhance community participation and social and voca-
tional engagement. Additionally, design could include 
social-constructivist approaches to learning [85], where 
knowledge of wheelchair-use is co-constructed through 
interacting and collaborating with others, including peer 
wheelchair users or peer trainers. Wheelchair training 
approaches integrating constructivist training strategies 
could encourage collaborative problem solving and allow 
for the opportunity to share experiences, discuss chal-
lenges and collaboratively find solutions [86, 87].

Manual wheelchair training is underpinned by multi-
ple modelss depending on the outcomes it is striving to 
achieve. Social models of disability address societal bar-
riers and foster inclusion to support users to navigate 
their environments effectively, while medical models of 
disability and biomechanical models will more strongly 
emphasise an individual’s physical health and capacity to 
engage in training through optimising technical aspects 
of wheelchair use including propulsion biomechanics. 
While these models are main principles of manual wheel-
chair training, this review highlights the need for the 
complementary integration of appropriate learning the-
ory to create a holistic, theoretically informed approach 
to wheelchair training. Training designs incorporating 

Social Cognitive Theory [88] had a stronger focus on out-
comes that were long term and broad. This was because 
they focused on application of wheelchair skills and 
knowledge (Level 3 Kirkpatrick’s framework) to sup-
port community participation and quality of life (Level 
4b Kirkpatrick’s framework). A Social Cognitive Theory 
approach to learning encompasses observational and 
social learning, hands on practice and privileges authen-
tic feedback and hence integrates elements of behaviour-
ism, experiential learning and social constructivism in 
addition to emphasizing building self-efficacy in wheel-
chair use. This learning theory therefore aligns with the 
social and practical aspects of wheelchair use, making 
it an effective theory for use in MWC training designs 
that are targeting broader outcomes of training (Level 4b 
Kirkpatrick’s framework). This is not the only learning 
theory that could be embedded into wheelchair training 
designs, however it does provide a lens through which 
to consider how the learning process will unfold for the 
MWC user and what their outcomes will likely be. Alter-
natively, there is also opportunity for the synergistic com-
bining of learning theories. Motor learning theory, which 
was also a prominent learning theory in this review had 
a strong focus on the acquisition of skills (Kirkpatrick’s 
Level 2b) and attended less to behavioural and partici-
patory outcomes. The integration of this learning theory 
with another, such as situational learning may offer an 
increasingly holistic approach to training that recognizes 
the multifaceted nature of wheelchair use.

Further attention to the educational design of MWC 
training will contribute to a framework that enables 
stakeholders of wheelchair training (wheelchair users, 
clinicians, and peer wheelchair trainers) to access pro-
grams that are grounded in learning theory, which could 
emphasise what learning is important at any given time 
point for a MWC user, including both individual skill and 
participatory outcomes. Overall, it is noted that further 
investigation into ancillary wheelchair training outcomes 
such as hospital length of stay, hospital avoidance, long 
term service provision requirements and staff resourcing 
is required. Understanding the influence of MWC train-
ing on healthcare costs is critical for organisational deci-
sion making and the translation of these training designs 
into practice (Level 4a Kirkpatrick’s framework).

Implications for practice
The relative absence of learning theory embedded within 
the reporting of MWC training programs suggests that 
present training programs are not always designed and 
developed through an educational lens. This appears to 
be consistent with broader assistive technology educa-
tion and training, potentially due to lack of tradition to 
do so within this field. When working with clients to 
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teach them how to use assistive technology, clinicians are 
well placed to deliberately integrate learning theory into 
their training programs, so that the learning is relevant 
to the needs and stage of competence of the MWC user. 
This can include focus on short and long term outcomes 
and can be readily applied by MWC users to the differ-
ent contexts in which they live. By not leveraging learn-
ing theories, training programs may miss opportunity 
to enhance learning experiences. There is now a call to 
redesign the MWC training programs that exist to ensure 
they align with educational approaches that are appropri-
ate for the context of the MWC user. Existing programs 
must move beyond approaches that exclusively target the 
acquisition of wheelchair skills or propulsion techniques. 
Doing so will potentially result in improved engagement/
participation in the community, quality of life, and health 
care costs as well as reducing carer reliance and hospi-
tal admissions related to tips/falls and upper limb related 
overuse injuries.

Limitations
This review did not include papers with able bodied per-
sons simulating wheelchair users, or clinicians/students 
being trained or those under the age of 18; therefore 
some training approaches and potential learning theories 
may not have been captured in this review. Additionally, 
there are a number of limitations of using the Kirkpat-
rick’s model to evaluate the impact of training [89]. The 
model is intended as outcome focused and does not 
attend to the contextual factors that can influence train-
ing and the underlying mechanisms that may influence 
outcomes [89]. To ameliorate this, we applied the ICF as 
an additional organisational framework, in particular, to 
further contextualise context and outcomes. However, 
we acknowledge that the use of Kirkpatrick’s evalua-
tion framework to measure behaviour change outcomes 
may have introduced subjectivity, particularly around 
categorising behavioural change outcomes based on the 
timing of the outcome measures. Outcomes measured 
at four weeks post intervention may not be reflective of 
behaviour change. To support further understanding 
of contextual factors that may influence manual wheel-
chair training outcomes it is suggested that a realist 
evaluation approach is used to identify specific aspects of 
manual wheelchair training programs that may influence 
outcomes.

Conclusion
Mirroring a broader trend in the area of patient educa-
tion, existing MWC training programs do not consist-
ently integrate learning theories into their instructional 
design. This review demonstrates that the delivery of 
training programs which lack an explicit educational 

underpinning are more likely to result in short term 
outcomes that may not have community application for 
the people they intend to service. To support outcomes 
related to community participation and vocational and 
leisure pursuits for manual wheelchair users, the edu-
cational approach needs to incorporate holistic learning 
theories and instructional design to further understand-
ing of the organisational impact of broad outcomes and 
long-term learning.
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