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This systematic review synthesizes the literature on physical activity amongst people with DCD using the COM-B framework. The review questions were: (1) what is the Capability (C), Opportunity (O) and Motivation (M) for physical activity and (2) what does physical activity behavior (B) look like? A mixed-methods systematic review was conducted by searching eight databases (PubMed, APA PsycINFO, EMBASE, Scopus, Child Development and Adolescent Studies, Cochrane Library, Web of Science, CINAHL) up to July 2023. Data were extracted, thematically analyzed, and mapped to the COM-B model. The quality of studies was assessed with the Joanna Briggs Institute (JBI) critical appraisal tool. The protocol was registered with PROSPERO (CRD42022319127). Forty-three papers, 42 of which related to children, were included. Fifteen aligned with physical activity behavior, nine with physical capability, thirteen with psychological capability, one with social opportunity, one with physical opportunity, one with reflective motivation and three with automatic motivation. Pre-school-aged children with DCD engage in comparable levels of physical activity behavior, but differences emerge from 6 years of age. Characteristics of DCD result in reduced physical capability and less varied participation in physical activity. This impacts psychological capability, whereby lower self-perceptions result in a negative feedback loop and reduce the motivation to participate. Barriers relating to social opportunities may result in poor reflective and automatic motivation, although there is evidence that interventions can enhance enjoyment in the short term.
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1 Introduction

Physical inactivity is one of the leading risk factors for premature mortality worldwide (World Health Organization [WHO], 2022), accounting for 5.3 million deaths annually (Lee et al., 2012). In the UK alone, physical inactivity contributes to one in six deaths and is estimated to cost £7.4 billion annually (Public Health England, 2016). Physical inactivity increases the societal and economic burden of mental and physical ill-health; however, despite the clear evidence of the health benefits of being physically active, over a quarter of the world’s adult population is insufficiently physically active, and 81% of 11–17 year-olds were insufficiently physically active in 2022 (World Health Organization [WHO], 2022). Promoting physical activity is, therefore, a global public health priority (World Health Organization [WHO], 2022).

However, some families experience significant inequalities in opportunities for physical activity, such as families of children living with disabilities, who often experience greater environmental barriers (World Health Organization [WHO], 2020). One such group is children and adults with developmental coordination disorder (DCD). DCD is a neurodevelopmental disorder affecting 5–15% of school-aged children (Hamilton, 2002) that significantly impacts a child’s ability to learn motor skills and perform everyday activities, including getting dressed, tying shoelaces, using cutlery, handwriting, playing games or sports, or riding a bicycle (Zwicker et al., 2012). Ultimately, these motor deficits harm academic performance, vocational choices and leisure pursuits (Zwicker et al., 2012). Secondary consequences of DCD include low self-esteem, depression, anxiety, loneliness, problems with peers and withdrawal from participating in physical and social activities (Zwicker et al., 2018; Izadi-Najafabadi et al., 2019; Harris et al., 2021). Furthermore, the motor and psychosocial difficulties associated with DCD profoundly impact quality of life (Zwicker et al., 2018) and persist in adulthood (Harris et al., 2021).

Previous research has explored physical inactivity in children and adults with DCD and identified that people with DCD are less physically fit (Schott et al., 2007), less physically active (Cairney et al., 2012), have lower perceived athletic competence and tend to avoid participation in physical activity (Rivilis et al., 2011). These findings are supported by a recent systematic review that explored differences in physical activity levels and the impact of these differences (Mercê et al., 2023). The authors concluded that the 16 included studies identified lower levels of moderate and vigorous physical activity amongst children with DCD, with implications across physical and psychological domains reported (Mercê et al., 2023). A recent scoping review also examined psychosocial factors related to physical activity among children with DCD based on social cognitive theory, self-determination theory and the theory of planned behavior (Kwan et al., 2022). The authors concluded from the 14 papers that physical literacy-based interventions targeting perceived motor competence and motivation might effectively promote physical activity in children with DCD (Kwan et al., 2022).

However, despite these findings and increased intervention efforts to increase physical activity amongst people with DCD, most lack evidence-based behavior change theories. Behavior science approaches are based on the idea that successful behavior change depends first and foremost on a clear definition of the problem: who needs to change what behavior, in what way and what is required to do so? Once the behavior is clearly defined, in the present case that people with DCD avoid physical activity or engage in physical activity only to a limited extent, behavior change interventions can be developed.

Many behavior science models assume that successful behavior change interventions must consider three essential aspects: motivation, competence and situation. The COM-B model (Michie et al., 2011) was developed following a comprehensive review and consultation of 19 existing frameworks of behavior change interventions, none of which incorporated a full range of intervention functions or policies, therefore the COM-B provides a comprehensive and coherent link to a model of behavior. The COM-B model (Michie et al., 2011) posits that Behavior (B) occurs as a result of a bi-directional interaction between three components: Capability (C), Opportunity (O) and Motivation (M) and, as such, can contribute insights into physical activity behavior. This model explains that to perform a particular behavior; one must feel they are physically and psychologically able to do so (C), have the physical and social opportunity (O) and want or need to carry out the behavior more than other competing behaviors (M).

While some of the previous literature and systematic reviews have explored individual components of the COM-B, this is the first systematic review that brings the COM-B components together to better understand the physical activity behavior of people with DCD. This is necessary to develop future behavior change interventions, using the Behavior Change Wheel, that aim to increase physical activity. Without a critical overview of the literature relating to capability, opportunity, and motivation for physical activity amongst people with DCD, there is a risk that interventions focus on components that do not result in behavior change. Additionally, a comprehensive overview of the literature enables future research to focus on any gaps identified, strengthening the evidence for future interventions. Therefore, this systematic review addressed the following questions: what is this group’s capability, opportunity and motivation for physical activity? and (Lee et al., 2012) what does physical activity behavior look like amongst people with DCD?



2 Methods

This systematic review was informed by the Joanna Briggs Institute (JBI) methodology for conducting mixed-method systematic reviews (Stern et al., 2020). The review protocol was registered on PROSPERO in March 2022 (reference number: CRD42022319127).


2.1 Eligibility criteria

We developed comprehensive inclusion and exclusion criteria to judge the eligibility of potential publications involving people with DCD and physical activity outcomes for inclusion in this systematic review. The criteria were developed a priori based on the results of a preliminary scoping search in CINAHL and were piloted on two papers identified through the initial search. CP and one other reviewer, KW, independently applied the eligibility criteria. The reviewers discussed potential changes; however, the eligibility criteria did not need to be updated prior to application. The full eligibility criteria are detailed below.


2.1.1 Study design

Qualitative, quantitative, and mixed-method studies written in any language and peer-reviewed were included. This review did not include systematic reviews, meta-analyses, study and review protocols, commentaries, editorials, gray literature, conference posters or abstracts, although reference lists were used to enhance search results. Only English language articles were identified, so translation was unnecessary.



2.1.2 Participants

We included studies concerning children (under 18 years) or adults (18+ years) who met the Diagnostic Statistical Manual of Mental Disorders (DSM) or International Classification of Diseases (ICD) criteria for DCD (or at least 2 out of 4 criteria). Studies that reported co-occurring diagnoses/characteristics were included if the article’s primary focus was DCD. Articles were excluded if they did not include a standardized motor assessment, or where another condition or visual impairment could explain the motor difficulties, or where motor difficulties were a consequence of a lack of opportunity.



2.1.3 Intervention

The focus of this systematic review was not on interventions; however, any studies that included interventions, even when the primary outcomes were not relevant to this review, were included if relevant baseline data were reported.



2.1.4 Comparators

For interventions including randomized controlled trials or pre-post intervention studies of any duration, articles were included if a comparator group did not receive a physical activity intervention or if the comparator group was a typically developing (TD) group.



2.1.5 Outcomes

Articles that reported outcomes in line with physical activity Behavior (B), Capability (C), Opportunity (O), and Motivation (M) were included. In addition, we considered other outcomes if they were measured alongside a COM-B component. A non-exhaustive list of examples of eligible outcomes are presented in Table 1.


TABLE 1    Examples of facilitators to physical activity behavior and common measures framed within the COM-B.
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2.2 Search strategy

We conducted a preliminary search of CINAHL on the 16th of March 2022 to scope the literature relevant to the review questions. The scoping exercise helped ensure that there were no current or ongoing reviews on the topic of interest, refine the aims and eligibility criteria for this systematic review, estimate the amount of published work available, and, therefore, the resources needed to complete this systematic review. Relevant articles identified from the scoping search of CINAHL were also used to develop a full search strategy; keywords in the titles and abstracts and the index terms used to describe the articles were organized into search strings. The search period was not limited. We used the following keywords and MeSH (medical subject heading) terms: developmental coordination disorder; motor skills disorders; DCD; probable DCD; significant motor difficulties; motor development; dyspraxia; motor competence; physical activity; sedentary behavior; exercise; physical performance; sport; aerobic exercise; fitness; motor activities; anaerobic exercise and participation.



2.3 Data sources

We searched the following electronic databases for peer-reviewed articles between the 6th May 2022 and the 27th May 2022: PubMed; APA PsycINFO; EMBASE; Scopus; Child Development and Adolescent Studies; Cochrane Library; Web of Science; CINAHL via EBSCO and ERIC. A final search was conducted on the 10th July 2023 to ensure any articles published after the 27th May were captured; no additional articles were identified for inclusion. No date restrictions were applied to the searches; all publications up to the date of the searches were considered.



2.4 Article screening

References were imported into Rayyan (Ouzzani et al., 2016), and duplicates were removed. Initially, the titles and abstracts of articles were screened independently by CP and KW against the eligibility criteria, and any conflicts that arose were resolved through discussion and, where necessary, by the third reviewer, NS. The screening process was reported in the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 2020 flow diagram (Page et al., 2021) (see Figure 1).
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FIGURE 1
PRISMA flow chart.




2.5 Critical appraisal

We assessed the methodological quality of included articles using the established JBI critical appraisal tools for the following study designs: Randomized Controlled Trials (RCTs) and quasi-experimental studies (Tufanaru et al., 2017); analytical cross-sectional studies, case reports and cohort studies (Moola et al., 2015) and qualitative research (Lockwood et al., 2015).

We adopted the method and classification outlined by Edwards et al. (2016) to judge quality, and included articles were assessed against the pre-determined criteria. Quantitative and qualitative components of mixed-method studies were appraised separately using the appropriate critical appraisal instruments. Each paper received an overall score based on the number of criteria met (13 for RCTs, 10 for qualitative and cohort studies, 9 for quasi-experimental studies and 8 for analytical cross-sectional studies and case reports). A point was deducted from the total available score if a criterion was considered not applicable to a particular article. A percentage score allowed the normalization of scores; 0–40% were considered low quality, 40–70% moderate quality and 70–100% high quality.

Each article was assessed independently by one of the authors, and then all scores were checked by a paired reviewer (e.g., CP reviewed KW).



2.6 Data extraction

A piloted template (Supplementary material, online supporting information) was used to extract the study design, sample characteristics, diagnostic criteria, methodology and summary outcomes. Data were independently extracted by a single author and checked by a paired reviewer. The review team conducted consensus checks and resolved discrepancies through discussion. Studies were grouped into one of seven categories: physical capability; psychological capability (C); physical opportunity; social opportunity (O); reflective motivation; automatic motivation (M) and behavior (B).



2.7 Data transformation

One reviewer (CP) employed a convergent integrated approach to synthesize the data: this involved narrative interpretation of the quantitative results from experimental studies (including the quantitative component of mixed-method studies) in a way that answered the review questions by a repeated detailed examination. Specifically, quantitative and qualitative findings were initially synthesized separately; quantitative data was converted into “qualitized data” through transformation into narrative interpretation, followed by integration of both sets of findings. This approach provides greater insights and preserves the integrity of both sets of findings (Stern et al., 2020).



2.8 Data synthesis and integration

We narratively integrated quantitative and qualitative data at the interpretation level using the COM-B components to identify the relationship between and within quantitative and qualitative findings. The narrative summary was scrutinized by the review team for accuracy.




3 Results


3.1 Characteristics of included studies

We screened 7,428 titles and abstracts and assessed 186 full texts for eligibility. Forty-three papers met the eligibility criteria and were included in the review (see Figure 1).

The characteristics of studies included in this systematic review are presented in Table 2. All included studies considered children or adolescents, apart from one (Tan et al., 2022), which followed up with participants at the age of 25 years.


TABLE 2    Characteristics of the included studies, including author [reference], study design, percentage quality score, sample, diagnostic criteria and summary of outcome.
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3.1.1 Design

Studies included six randomized controlled trials (Howie et al., 2016, 2017; Yu et al., 2016a; Bonney et al., 2017a; Noordstar et al., 2017; Sit et al., 2019), four quasi-experimental studies (Meek and Sugden, 1997; Poulsen et al., 2007; Cairney et al., 2010; Green et al., 2011), 25 cross-sectional studies (Cairney et al., 2005a,b, 2007, 2019; Poulsen et al., 2008, 2011a; Baerg et al., 2011; Fong et al., 2011, 2018; Silman et al., 2011; Engel-Yeger et al., 2012, 2015; Beutum et al., 2013; Kwan et al., 2013; Batey et al., 2014; Noordstar et al., 2014; Cermak et al., 2015; Yu et al., 2016b,2021; King-Dowling et al., 2018, 2019; Wright et al., 2019; Brown et al., 2021; James et al., 2021; Li et al., 2021), four longitudinal studies (Cairney et al., 2006, 2017; Joshi et al., 2015; Tan et al., 2022), two qualitative studies (Barnett et al., 2013; Zimmer et al., 2020), one case series study (Kane and Bell, 2009) and one mixed-method study (Adams et al., 2018).



3.1.2 Setting

Nineteen studies were conducted in Canada (Cairney et al., 2005a, b, 2006, 2007, 2010, 2017, 2019; Kane and Bell, 2009; Baerg et al., 2011; Silman et al., 2011; Kwan et al., 2013; Batey et al., 2014; Joshi et al., 2015; King-Dowling et al., 2018, 2019; Zimmer et al., 2020; Brown et al., 2021; James et al., 2021; Li et al., 2021), seven in Australia (Poulsen et al., 2007, 2008, 2011a; Beutum et al., 2013; Howie et al., 2016, 2017; Wright et al., 2019), six in Hong Kong (Fong et al., 2011, 2018; Yu et al., 2016a,b, 2021; Sit et al., 2019), three in the United Kingdom (Meek and Sugden, 1997; Green et al., 2011; Barnett et al., 2013), three in the Netherlands (Noordstar et al., 2014, 2017; Adams et al., 2018) two in Israel (Engel-Yeger et al., 2012, 2015), one in Israel and the US (Cermak et al., 2015), one in Finland (Tan et al., 2022) and one in South Africa (Bonney et al., 2017a).



3.1.3 Identification of DCD

Twenty-one studies used the DSM-IV (American Psychiatric Association [APA], 1994) criteria for DCD; in line with our inclusion criteria. All administered a motor assessment (criterion A), the test component of the Movement Assessment Battery for Children second edition (MABC-2) (Henderson and Sugden, 2007) was used in 24 studies, the Bruninks Test of Motor Proficiency (BOTMP) (Bruininks and Bruininks, 1978) was used in eight studies, the test component of the Movement Assessment Battery for Children first edition (MABC) (Henderson et al., 1992) was used in six studies, a combination of the BOTMP and MABC or MABC-2 was used in three studies, the Zurich Neuromotor assessment (Largo et al., 2001) and the Test of Motor Impairment-Henderson (TOMI-H) (Stott et al., 1986) were each used in one study. A total of 12 studies described how participants met criteria B and C, and 17 described criterion D. Twenty-two studies used the DSM-5 (American Psychiatric Association [APA], 2013), in line with our inclusion criteria, all administered a motor assessment, 16 described how participants met criterion B, seven described criterion C, and 20 described criterion D. Authors typically used probable DCD (pDCD) to describe participants aged under 5 years or when all diagnostic criteria had not been assessed and at risk of DCD (rDCD) when participants fell between the 6th and 16th percentile on a standardized motor assessment. None of the studies included children under the age of 4 years old.



3.1.4 Quality of the studies

Based on the study design, appropriate critical appraisal tools were used; percentage scores for methodological quality are presented in Table 2. Total percentage quality scores ranged from 62 to 100%; therefore, all included articles were of moderate to high quality. Randomized controlled trials ranged from 62 to 100%, quasi-experimental studies from 63 to 100%, cross-sectional studies from 63 to 100%, longitudinal studies from 71 to 100%, qualitative studies from 70 to 80%, the mixed-method study was 80% and case series study was 70%.




3.2 COM-B analysis

The results are presented within the framework of the COM-B model. A few of the included studies touched upon multiple components of the COM-B model (Yu et al., 2016a,b); these studies were aligned to a single component based on the primary focus of the study.


3.2.1 Physical capability: physical strength, skill, or stamina (capacity to engage in the necessary physical processes)

Nine articles were best aligned with this component of the COM-B model (Fong et al., 2011, 2018; Joshi et al., 2015; Yu et al., 2016a,b; Bonney et al., 2017a; Cairney et al., 2017; King-Dowling et al., 2018; Li et al., 2021).

In terms of physical skill, Fong et al. (2011) used the Children’s Assessment of Participation and Enjoyment (CAPE) questionnaire (Imms, 2008) to determine whether motor ability and weight status were associated with physical activity participation diversity in children aged 6–12 years with (N = 81) and without (N = 67) DCD. Children with DCD had significantly lower CAPE total participation intensity scores than TD children. Specifically, the authors highlighted that motor ability was positively correlated with CAPE total diversity scores in children with DCD, accounting for 7.6% of the variance in CAPE total diversity scores. In other words, children with DCD who presented a higher motor skill level participated in more formal, recreational and skill-based activities. Conversely, weight status was negatively correlated with total CAPE and recreational activity diversity scores, indicating that children with higher weight status participated in fewer activities. Therefore, physical skill, motor impairment and weight status contributed to a lack of participation in physical activity in children with DCD. This is supported by Fong et al. (2018), who compared bone mineralization and activity patterns of 52 children with DCD (mean age 7.5 years) and 61 TD children (mean age 7.2 years). After accounting for age, sex, height, lean mass and fat mass, bone mineralization and activity participation were lower in children with DCD compared to TD children. The authors recommended that children with DCD should be encouraged to participate in various activities, not just physical activity, to improve bone mineralization in prepubertal years.

Taking a different approach to physical skill, Yu et al. (2016a) conducted a quasi-randomized controlled repeated measures single-blind trial to measure FMS using the Test of Gross Motor Development-2nd edition (Ulrich, 2004). They found that FMS training effectively improved both locomotor skills (jumping) and object-control skills (catching and kicking) of children aged between 8 and 10 years with DCD (N = 38); improvements in object-control skills (catching and throwing) were sustained for at least 6 weeks. FMS training also effectively improved the self-perceived physical competency of children with DCD in terms of physical coordination, physical strength and physical fitness immediately after the training. In a follow-up study, Yu et al. (2016b) examined differences in FMS proficiency, physical self-concept and physical activity in children aged 7–10 years with DCD (N = 43) and age-matched TD children (N = 87). They found that physical activity was correlated with FMS proficiency. Children with DCD reported significantly poorer self-concept on physical coordination and sporting ability, which was more pronounced for girls with significantly lower physical activity levels.

In a later study, Yu et al. (2021) explored differences in FMS in a large sample of children with DCD (N = 73) and TD children (N = 99) aged 8–9 years; they explored whether FMS was associated with moderate to vigorous physical activity (MVPA) and sedentary behavior. Using accelerometry to assess MVPA and five components of FMS (running, jumping, throwing, catching, kicking) from the Test of Gross Motor Development-2nd edition (Ulrich, 2004), they found that children with DCD had significantly poorer FMS proficiency in terms of specific movement patterns (jumping and catching) and outcomes (running, jumping, catching, and kicking). However, there were no significant differences in MVPA and sedentary behavior between children with DCD and TD. However, specific FMS movement patterns (running, jumping, catching) were closely related to MVPA and sedentary behavior in children, moderated by motor coordination status and sex.

In relation to physical strength and stamina, as part of the Physical Health Activity Study Team (PHAST), Joshi et al. (2015) found that children with probable DCD (pDCD; N = 103) had higher body mass index (BMI) and waist circumference than TD children; this difference between groups increased from baseline when the children were 9–10 years old over the 5-year study period. Boys with pDCD had a more rapid increase in BMI and waist circumference than girls with pDCD. Physical activity levels did not mediate or moderate the relationship between pDCD and measures of body composition. However, physical activity was negatively associated with measures of body composition. Likewise, using the same cohort, Cairney et al. (2017) evaluated whether physical activity levels could account for poor fitness among children with pDCD over a 5-year period. They reported that children with pDCD had poorer cardiorespiratory fitness compared to TD children; however, cardiorespiratory fitness in pDCD children at age 9 years was comparable, with a slight increase noted at age 14 years, which could not be explained by differences in self-reported physical activity at these ages.

Further evidence of differences in physical stamina and physical strength comes from King-Dowling et al. (2018), who examined differences in children at 4–5 years with DCD (N = 111), at risk of DCD (N = 177) and TD children (N = 301) from the Coordination and Activity Tracking in Children (CATCH) sample to determine whether vigorous physical activity (VPA) levels mediated differences in health-related fitness. They found a significant main effect of the DCD group on musculoskeletal and aerobic fitness performance; however, daily VPA was similar across groups and did not explain health-related fitness differences.

Using a gamification approach to physical strength and stamina, Bonney et al. (2017b) randomly allocated females aged 13–16 years with DCD to one of two intervention groups. The first intervention involved a 45 min Nintendo Wii session, and the second involved task-oriented functional training. Both interventions were held once weekly for 14 weeks. Blinded assessors measured outcomes at baseline and at the end of the intervention period, which included impairment-based outcomes (e.g., isometric strength), activity-based outcomes (e.g., a stair climbing test) and participation-based outcomes [e.g., Children’s Self-perceptions of Adequacy in and Predilection for Physical Activity (CSAPPA) questionnaire; Hay, 1992]. Both interventions improved muscle strength, motor proficiency, functional performance, self-efficacy and participation in activities of daily living (ADLs). In addition, although there was no statistically significant difference in aerobic stamina (running task) between pre- and post-test, significant changes were found in a predilection for physical activity and overall self-efficacy score. Improvements in participation in ADLs were also observed.



3.2.2 Psychological capability: knowledge, psychological strength, skill, or stamina (capacity to engage in necessary thought processes)

Thirteen articles best aligned with the psychological capability component of the COM-B model (Cairney et al., 2005a,b; Poulsen et al., 2007; Kane and Bell, 2009; Silman et al., 2011; Engel-Yeger et al., 2012, 2015; Kwan et al., 2013; Batey et al., 2014; Noordstar et al., 2014, 2017; Wright et al., 2019; Zimmer et al., 2020).

Regarding psychological skill, Cairney et al. (2005b) quantitatively explored whether 9–14-year-old children with pDCD (N = 44) report lower levels of self-efficacy toward physical activity and engage in less free play and organized activities than their TD peers (N = 546) taking sex into account. Although girls with DCD had the lowest mean scores, all children with pDCD reported lower self-efficacy scores to participate in physical activity and lower levels of participation in free and organized play compared to children without DCD. In a follow-up study, Cairney et al. (2005a) investigated the effect of sex on the relationship between pDCD and self-reported participation in organized and recreational free-play activities. Data from 44 pDCD children and 556 TD children aged between 9 and 14 years showed that regardless of sex, children with pDCD had lower self-efficacy toward physical activity and participated in less organized and free-play activities than TD children. Again, girls with pDCD had the lowest mean scores of all children.

These findings are supported by a more recent qualitative study by Zimmer et al. (2020), who explored physical education experiences among six children at risk of DCD (10–12 years) through two semi-structured interviews with each child. To describe the stressors that children at risk of DCD experience in relation to physical education, three themes were identified using interpretative phenomenological analysis within the framework of relatedness, competence and autonomy: (a) they hurt me, referring to psychological and physical harm sustained from peers; (b) it’s hard for me, referring to difficulties in taking part in activities and (c) I have to, referring to perceived teacher’s demands. The authors highlight that while the stressors these children experienced interfered with fulfilling their basic psychological needs for relatedness, competence and autonomy, they primarily used coping strategies to minimize their experiences of stress.

Likewise, in a case-series study of three children aged 9–11 years with DCD, Kane and Bell (2009) evaluated a 6-week group exercise program and measured self-perceived adequacy, synonymous with psychological skill, for physical activity as one of the outcomes. Only one of the three children saw a considerable improvement in self-efficacy (pre-test: 55; post-test: 73) as measured by the Children’s Self-Perceptions of Adequacy in and Predilection for Physical Activity (Hay, 1992). While this child did not see any changes in Bruininks-Oseretsky Test of Motor Proficiency (BOTMP) (Bruininks and Bruininks, 1978) scores, the self-rated performance of their motor goals improved. One of the other children also rated their performance on their motor goals higher after intervention and had improved greatly on the BOTMP but saw little change in their self-perceived adequacy for physical activity. The third child saw little to no change in motor skills and self-efficacy. Thus, it appears that the relationship between motor performance and self-perceived psychological skills for physical activity is not the same for everyone. Kane and Bell (2009) contend that both factors likely affect participation; therefore, both should be considered important outcomes when evaluating interventions designed to increase physical activity.

In a more extensive study, Engel-Yeger et al. (2012) examined preference differences between children aged 7 years with (N = 33) and without (N = 33) DCD to participate in leisure activities, their physical activity levels as reported by their sports teacher and whether reports from their sports teacher could predict participation preferences. Significant differences were found in participation preference between groups based on the Preference for Activities of Children (PAC) (King et al., 2007) and Teacher Estimation of Activity Form (TEAF), a measure of sports performance and adequacy of physical activity (Hay, 1992). They found that TEAF scores successfully predicted children’s preference to participate in leisure activities, suggesting psychological skill is related to participation in physical activity. A more recent cross-sectional study examined the relationship between self-efficacy and motor performance in 37 children with DCD and 24 TD children (6–9 years) (Engel-Yeger et al., 2015). Children with DCD scored significantly lower on all self-efficacy scores on the Perceived Efficacy and Goal Setting (PEGS) (Missiuna et al., 2004) compared to their TD peers and sports teachers rated children with DCD significantly lower on the TEAF (Hay, 1992). Lower TEAF scores were associated with poorer motor scores on the MABC (Henderson and Sugden, 2007) and lower self-efficacy on the PEGS (Missiuna et al., 2004). The authors suggest that with failed attempts to learn motor skills due to poor motor ability, children with DCD develop lower self-perceptions and lower self-efficacy, which then creates a negative feedback loop that reduces their motivation to practice motor skills.

In a further study by Noordstar et al. (2014), they looked at the differences and relationships between perceived athletic competence and physical activity in children aged 7–12 years with (N = 31) and without (N = 31) DCD. The DCD group participated in less total physical activity than the TD children, primarily driven by less participation in unorganized physical activity in children with DCD. In relation to perceived psychological skill, no significant group differences were seen in perceived athletic competence levels. However, when the authors split both the group with DCD and the group without DCD into sub-groups with “high” or “low” perceived competence, no difference in terms of physical activity was seen between the DCD group and the TD group when their level of perceived athletic competence was low. Conversely, when perceived athletic competence was high, TD children showed greater physical activity levels than children with DCD. These findings suggest that a perception of high physical athletic competence drives physical activity in children without DCD but not in children with DCD.

Further support for poor physical ability self-concept comes from Poulsen et al. (2007), who used the Self-Description Questionnaire-I (Marsh, 1990) to examine the relationship of self-concept with patterns of physical activity in 10–13-year-old boys with (N = 60) and without (N = 113) DCD. Not surprisingly, the boys with DCD reported significantly lower physical ability self-concept than their coordinated peers. Significantly lower general and peer relations self-concept were also noted in children with DCD. Despite the small effect size, self-perceptions of peer relationships mediated low energy expenditure patterns, suggesting that the social context may have more influence on increasing physical activity than physical ability self-concept. Another recent study explored barriers and task self-efficacy toward physical activity (Batey et al., 2014). A subset of participants from the PHAST study, aged 13–14 years, were asked to complete the self-efficacy scale (Foley et al., 2008) to assess their perceived psychological stamina to complete different intensities and duration of physical activity (task efficacy) and their confidence in completing physical activity when faced with everyday barriers (barrier efficacy). An accelerometer was used to record activity for 1 week. The authors found that children with pDCD (N = 29) spent significantly less time in MVPA and had significantly lower task and barrier self-efficacy toward physical activity than their TD peers (N = 76).

Another study from the PHAST cohort was conducted by Silman et al. (2011), who examined whether perceived adequacy and physical activity mediated cardiorespiratory fitness, as measured by peak aerobic power, in children with (N = 61) and without (N = 61) pDCD at age 12–13 years. Overall, they found that children with pDCD had lower perceived adequacy toward physical activity; perceived adequacy and physical activity were significant mediators in the relationship between pDCD and peak aerobic power. In another study that utilized the PHAST cohort, Kwan et al. (2013) specifically explored the influence of physical activity cognition amongst boys aged 13–14 years with (N = 19) and without (N = 42) pDCD within the framework of the Theory of Planned Behavior (Ajzen, 1991). The authors found that boys with pDCD had poorer physical activity cognitions than TD boys. These differences were most evident in their attitude and perceived behavioral control related to being physically active, showing that the relationship between pDCD and MVPA is partially mediated by physical activity cognitions in boys with pDCD.

Similarly, Wright et al. (2019) anticipated that perceived competence, enjoyment and predilection for physical activity would be lower amongst children aged 6–12 years with DCD (N = 38) or at risk of DCD (N = 19) relative to TD children (N = 60). They also hypothesized that there would be a significant difference in physiological characteristics between TD children, children at risk of DCD and children with DCD and children either at risk of DCD or with DCD would have lower cardiorespiratory fitness and physical activity levels. They found that children with or at risk of DCD reported lower scores on psychological constructs that are predictive of physical activity involvement relative to TD children. Children with or at risk of DCD also had multiple physiological deficits (e.g., muscle strength) and received less parental logistic support for physical activity involvement (e.g., transportation).

Cairney et al. (2007) also explored perceived enjoyment of physical education and examined correlations between enjoyment and body fat, cardiorespiratory fitness and perceived adequacy in children with pDCD (N = 44) at 9–14 years. They found that children with greater perceived adequacy, lower body fat and higher cardiorespiratory fitness were more likely to enjoy physical education. They also noted that children with pDCD were more likely to be above the normal, healthy weight for their age, have poorer physical fitness and perceive themselves as less adequate (the most significant contributing factor to the enjoyment of physical education) about their physical abilities than children without pDCD.

In an intervention study, Noordstar et al. (2017) compared a motor intervention alone (N = 11) with a motor intervention coupled with a program to boost psychological skill (N = 20) in 8-year-old children with DCD. Motor control perceived self-competence and general self-esteem all improved over time; however, there were no effects of the intervention group on any of these measures. Despite these positive changes in both groups, no differences were found in physical activity levels. Therefore, it would seem, in line with the findings from Noordstar et al. (2014), that a change in perceived athletic competence does not result in a behavior change amongst 8-year-old children with DCD in this context.



3.2.3 Physical opportunity: opportunities provided by the environment, such as time, location, or resource (physical opportunity provided by the environment)

Only one study considered the physical opportunity component of the COM-B model. In the only identified mixed-method study, Adams et al. (2018) explored the role of pediatric physiotherapists in promoting sports participation in children with DCD. A total of 162 physiotherapists completed a survey and 10 physiotherapists and 9 children with DCD (9–12 years) took part in interviews. Although nearly half of the physiotherapists surveyed signposted children with DCD to sports clubs, the interview data suggest that matching sports to children’s motor ability wishes and preferences facilitated participation. Identified barriers included a lack of understanding of DCD and the motor difficulties experienced by children with DCD.



3.2.4 Social opportunity: opportunities as a result of social factors, such as social norms and social cues (cultural milieu that dictates the way we think about things)

There was limited literature exploring the social opportunity component of the COM-B model in the context of physical activity. One study, however, used semi-structured interviews with eight 12- to 15-year-old boys with DCD and their parents to examine barriers and facilitators to participation in physical activity (Barnett et al., 2013). Half of the children with DCD and all but one parent reported that teenagers with DCD did little physical activity. Dislike of competitive team games, lack of nearby resources, negative comments from peers and teachers, lack of motor skills and confidence, poor motivation, lack of time, fatigue and pain and lack of understanding of DCD were all constraints to participating in physical activity. In contrast, parental support and intervention activities (such as gym sessions) led to engagement and enjoyment in physical activity. The authors concluded that although teenagers with DCD disliked competitive team games, they reported many physical activities they enjoyed when social opportunities were facilitated and when they were motivated to be more physically active.



3.2.5 Reflective motivation: reflective processes, such as making plans and evaluating things that have already happened (evaluations and plans)

Only one article aligned with the reflective motivation component of the COM-B model. Meek and Sugden (1997) aimed to establish whether children (aged 7–8 years; N = 197, 10–11 years; N = 197, 13–14 years; N = 59) with and without DCD form expectance-value combinations of attitudes prior to the completion of a novel physical activity that significantly differs from their class peers who had either previously played volleyball or not played volleyball. There were no significant between-group differences at age 7 or 11 years, but by 14 years of age, the children with DCD had formed significantly lower attitudes than their class peers. Furthermore, as age increased, attitudes decreased, suggesting that even prior to undertaking physical activity, negative attitudes existed amongst older children with DCD. Such personal barriers may interact with environmental constraints and lead to an overall lack of engagement in physical activity in teenagers with DCD.



3.2.6 Automatic motivation: automatic processes, such as our desires, impulses and inhibitions (emotions and impulses arising from associative learning and/or innate dispositions)

Two articles best aligned with the automatic motivation component of the COM-B model (Sit et al., 2019; Li et al., 2021).

Li et al. (2021) examined the connections between physical activity and weight status to internalizing problems using a modified version of the environmental stress hypothesis as part of the CATCH study. They found that preschool children (4–5 years) at risk of DCD (N = 233) experienced more internalizing problems than their TD peers (N = 274), including emotion control, withdrawal from social interactions and complaints of somatic responses. Neither physical activity nor BMI mediated the relationship between children at risk of DCD and internalizing problems. It could be argued that preschool children at risk of DCD may be as physically active as their typically developing peers at this age [demonstrated in other studies described in section “3.2.1 Physical capability: physical strength, skill, or stamina (capacity to engage in the necessary physical processes)”].

In a later study, Sit et al. (2019) hypothesized that children with DCD aged 6–10 years who received FMS training would improve their motor skills proficiency and have higher physical activity levels. They perceived competence and enjoyment compared to those receiving conventional physical education. The authors concluded that children in the FMS training group improved locomotor and object control skills and engaged more in MVPA. However, there were no differences to the control group, although children with DCD did report increased enjoyment in physical activity during their leisure time, which was sustained for up to 12 months.



3.2.7 Behavior: the product of perceived capability, opportunity and motivation

Fifteen articles best aligned with the behavior component of the COM-B model (Cairney et al., 2006, 2010, 2019; Poulsen et al., 2008, 2011a; Baerg et al., 2011; Green et al., 2011; Beutum et al., 2013; Batey et al., 2014; Cermak et al., 2015; Howie et al., 2016, 2017; King-Dowling et al., 2019; Brown et al., 2021; James et al., 2021; Tan et al., 2022).

King-Dowling et al. (2019), using the CATCH sample, aimed to determine if there were differences in patterns of activity levels amongst preschool children (4–5 years) with pDCD (N = 111), children at risk of DCD (N = 177) and TD children (N = 301). They found that preschool children with pDCD and children at risk of DCD had comparable physical activity levels to their TD peers. However, preschool children with pDCD tended to accumulate their MVPA in shorter episodes of physical activity (King-Dowling et al., 2019). This pattern is consistent with evidence from Brown et al. (2021), who also used the CATCH sample to measure the BMI of children aged 4–5 years at risk of DCD (N = 288) and TD age-matched children (N = 301). They also measured physical activity and sedentary behavior using an accelerometer whilst parents completed the Child Behavior Checklist (Achenbach, 1991). Both groups were found to engage in similar activity levels (5 h) during a 12-h awake period and movement behavior did not influence children’s mental health based on parental reports. Taken together with the findings of King-Dowling et al. (2019), these results suggest that differences in sedentary time and physical activity may develop later in childhood.

An older sample supports the conclusion that differences in physical activity behavior may appear later in childhood. Beutum et al. (2013) recruited 9 children with pDCD and 9 TD children (aged 8 years) and found that children with pDCD participated in significantly less MVPA, had higher BMI and decreased strength and cardiovascular fitness. In addition, strength, activity type and family factors correlated significantly with MVPA for children with pDCD. In a larger cross-cultural study between the United States and Israel, 53 children with DCD and 65 TD children (aged 6–11 years) were recruited to measure relationships between children’s motor coordination and their physical activity, sedentary behavior, fitness and weight status (Cermak et al., 2015). In Israel and the United States, children with DCD demonstrated significantly reduced physical activity, increased sedentary behavior, poorer fitness, and increased weight compared with TD children; no significant differences were found between the two countries. Differences in health-related fitness are also supported by the baseline data from a younger sample from the CATCH study (Cairney et al., 2019). Although no differences were observed between groups for BMI percentile or physical activity, children in the “at risk” DCD group (N = 287) had significantly lower aerobic and musculoskeletal fitness and larger waist circumferences compared to TD children (N = 301) at age 4–5 years (Cairney et al., 2019).

However, James et al. (2021) examined the effect of DCD risk amongst preschool children aged 4–5 years using the CATCH sample on MVPA levels when adjusting for ADHD symptomology. They reported that when adjusting for ADHD (particularly inattention), preschool children at risk of DCD (N = 288) were significantly less active than their TD peers (N = 301), suggesting that ADHD and DCD combined may have a negative impact on levels of physical activity in preschool-aged children. In an older PHAST sample, Baerg et al. (2011) compared physical activity using a 7-day accelerometry analysis of 12–13-year-old children with DCD (N = 32), children with DCD/ADHD (N = 30), and TD children (N = 48). The accelerometer was used to assess step count and activity energy expenditure of sedentary, light, moderate and vigorous levels of physical activity. The authors reported a sex and group interaction effect for average daily step counts and activity energy expenditure. Specifically, girls with DCD/ADHD had significantly more average step counts per day than TD girls. However, there was no difference between the average step count per day in girls with DCD compared to the DCD/ADHD and TD groups. There was also no significant difference between the average step count per day in boys with DCD, DCD/ADHD, or TD. The authors concluded that hyperactivity, as expressed in children with DCD/ADHD, appears to override the hypoactive behavior typically found in children with DCD. However, this finding was only found in girls and did not translate to boys with DCD/ADHD.

Cairney et al. (2006) explicitly explored whether the activity deficit between children with and without DCD widens or diminishes over time. In a cross-sectional study that administered a participation questionnaire to 44 children with DCD and 537 TD children (aged 9–14 years), they found that children with DCD participated in less structured and free play activities, but this activity deficit did not increase with age (Cairney et al., 2006). In a follow-up longitudinal study, the PHAST sample was used by Cairney et al. (2010) to recruit 111 children with pDCD and 1972 TD children at 9 years of age and followed them at ages 10 and 11 years using a participation questionnaire. The results indicate that divergence in free play activity over time occurs for females with pDCD but not for males. In another longitudinal study, Tan et al. (2022) analyzed longitudinal data to consider associations between the “at risk” status of DCD in childhood and physical activity in adulthood. Those children classified as “at risk” or “probably at risk” of DCD at 56 months were found to have a significantly lower number of steps over a 10-day period at 25 years of age compared to those children who were not at risk for DCD. Furthermore, statistical modeling indicated that DCD “risk status” increased time spent in sedentary light activity and decreased time spent in MVPA.

Other sex differences have also been noted. Using a sample from the Avon Longitudinal Study of Parents and Children (ALSPAC) sample, Green et al. (2011) explored whether children with pDCD (N = 193) had an increased risk of reduced MVPA compared to TD children (N = 4,138) at two time points (t1: 7–8 years; t2: 12–13 years) using accelerometry for 7 days. Boys with pDCD were less physically active than boys without pDCD at ages 7 and 12 years. There were no differences in levels of MVPA in girls with and without pDCD, which the authors suggest may reflect a generally low level of MVPA across the entire sample. Additionally, Poulsen (2008) asked parents of 60 boys aged 10–13 years with DCD and 113 boys without DCD to complete a 7-day leisure time diary and record the intensity, duration, content and social/physical environment of leisure time activities. A total daily score for low-intensity activities (LPA) and MVPA and the total metabolic (MET) levels were computed for 1 week’s activities. Boys with DCD spent significantly less time engaged in MVPA compared to boys without DCD but spent significantly more time in LPA. This pattern of leisure physical activity contributed to significantly lower energy expenditure in boys with DCD compared to their peers. Interestingly, the highest percentage of out-of-school time for both groups was devoted to sedentary, unstructured pursuits (e.g., television, electronic media). Boys with DCD had significantly lower participation in structured (e.g., team sports) and unstructured (e.g., street ball, running games) social physical activities; no significant differences were noted between groups for physical non-social activities (e.g., individual sports). In a follow-up study, Poulsen et al. (2011b) explored the differences in the number and context of leisure-time personal projects reported in boys with and without DCD. Group-matched 10–12-year-old boys with (N = 60) and without DCD (N = 113) completed the Personal Project Analysis for Children (Christiansen, 2000). Boys with DCD identified significantly fewer MVPA, team sports, popular sports and structured physical activity personal projects than boys without DCD. Boys with DCD accounted for 81.4% of participants involved in no team sports and 74.4% of participants who participated in two or fewer activities involving MVPA. Furthermore, the majority of physical activity reported by participants with DCD were completed individually or in the home environment.

In terms of exploring whether interventions can improve physical activity levels in children with DCD, Howie et al. (2016) recruited 21 children with DCD or at risk of DCD (aged 10–12 years) to take part in a crossover active video game (AVG) intervention. The intervention (AVG, no AVG) periods were 16 weeks for 20 min a day, 4–5 days per week. Accelerometers at baseline and following each intervention period measured minutes of sedentary, light, moderate and vigorous durations alongside self-reported activity types. The authors found that the AVG intervention did not improve physical activity or sedentary time. In a follow-up study to determine barriers to interventions, Howie et al. (2017) considered why the AVG intervention did not increase physical activity in the same sample. Although some participants (N = 5) significantly increased their physical activity following the intervention, this was not the case for all participants. In addition, there were no relationships between engagement with the AVG in terms of playing time and changes in physical activity, suggesting that levels of engagement did not explain these individual differences. Therefore, the exact barriers to AVG interventions remain unclear.





4 Discussion

The evidence relating to physical capability was of moderate to high quality (63–100%) and suggests that children with DCD have poorer motor skills, lower bone mineralization and participate in less varied formal, recreational and skill-based activities (Fong et al., 2011, 2018). Children with DCD also have higher BMI and waist circumference, which is especially the case for boys (Joshi et al., 2015). Physical activity levels do not seem to account for these differences (Joshi et al., 2015), nor does physical activity mediate the poorer cardiorespiratory fitness seen in children with DCD (Cairney et al., 2017) and VPA does not explain differences in health-related fitness (King-Dowling et al., 2018), although it is possible that lower levels of physical activity in DCD may be a consequence of these differences. FMS differences have also been found in children with DCD (Yu et al., 2021), with FMS proficiency correlated with physical activity (Yu et al., 2016b). In addition, there is evidence that FMS proficiency can be improved with FMS training (Yu et al., 2016a). Both Nintendo Wii and task-oriented functional interventions appear to improve muscle strength, motor proficiency, functional performance, self-efficacy and participation in ADLs (Bonney et al., 2017a), at least in the short term. In the context of physical capability, the evidence suggests that children with DCD have poorer physical skills and physical strength, resulting in poorer physical stamina.

Overall, the evidence relating to the psychological capability, which was of moderate to high quality (69–100%), suggests that children with DCD have lower levels of self-efficacy and perceived athletic competence toward physical activity, with the lowest self-efficacy reported amongst girls (Cairney et al., 2005a,b; Poulsen et al., 2007; Silman et al., 2011; Kwan et al., 2013; Batey et al., 2014; Wright et al., 2019), despite fitness differences being found in boys with DCD. Qualitative research also suggests that the stressors experienced by children with DCD around compulsory physical education are often managed using coping strategies (Zimmer et al., 2020), which are important self-management approaches given that physical activity interventions may not improve motor skills or self-efficacy (Kane and Bell, 2009). As a result, children with DCD may instead develop lower self-perceptions, lower self-efficacy and perceive themselves as less adequate in their physical abilities than children without DCD (Cairney et al., 2007), creating a negative feedback loop that reduces their motivation to practice motor skills and participate in physical activity (Engel-Yeger et al., 2012, 2015). Interestingly, perceptions of high physical athletic competence may drive physical activity in children without DCD but not in children with DCD (Noordstar et al., 2014, 2017) (see Dreiskämper et al., 2022 for an extensive discussion of this in TD children).

One article of high quality (80%) aligned with the physical opportunity component of the COM-B and identified that signposting children with DCD to sports clubs required consideration of children’s motor skills, wishes and preferences with a lack of understanding identified as a barrier to participation (Adams et al., 2018). Social opportunity, lack of motor skills and confidence, poor motivation, lack of time and fatigue and pain are all reported barriers to participation in physical activity (Barnett et al., 2013) based on one high-quality study (70%). The evidence relating to reflective and automatic motivation, which was of moderate to high quality (63–100%), suggests that young people with DCD have negative attitudes toward physical activity (Meek and Sugden, 1997). Even preschool children at risk of DCD have greater internalizing problems than their typically developing peers (Li et al., 2021). However, one study found that following an FMS intervention, children with DCD reported increased enjoyment in physical activity during their leisure time, which was sustained for up to 12 months (Sit et al., 2019).

Taken together, the evidence aligning with the behavior component of the COM-B, which was of moderate to high quality (62–100%), suggests that levels of physical activity appear unaffected in pre-school children with DCD (Cairney et al., 2019; King-Dowling et al., 2019; Brown et al., 2021) unless there is co-occurring ADHD (James et al., 2021). Older children with DCD (>6 years) have lower step counts (Tan et al., 2022), lower levels of LPA and MVPA (Poulsen et al., 2008; Beutum et al., 2013; Cermak et al., 2015), higher BMI, decreased strength (Beutum et al., 2013), poorer fitness (Cermak et al., 2015) and participate in less structured and free play activities which do not change with age (Cairney et al., 2006), although divergence in free play activities was found for females with pDCD over time (Cairney et al., 2010). Other sex differences have also been noted whereby, compared to girls, boys with pDCD are generally less physically fit (Baerg et al., 2011; Green et al., 2011) and engage in less physical activity (Batey et al., 2014). In terms of improving physical activity levels, there is currently insufficient evidence to support the implementation of home-based AVG interventions for children aged 10–12 years with DCD (Howie et al., 2016, 2017).


4.1 Strengths and limitations

This is the first systematic review that has considered physical activity amongst children with DCD in the context of a well-established behavior change model, the COM-B (Michie et al., 2011). The conduct of this review was supported by a multi-disciplinary team specializing in DCD research. The review followed the JBI methodology, which is well known for the conduct of rigorous evidence synthesis to promote and implement evidence-based decisions. Using JBI critical appraisal tools allowed for a detailed and nuanced assessment of different study designs.

However, the strict adherence to the eligibility criteria, specifically the need for authors to have explicitly stated how two or more of the DCD diagnostic criteria had been met, may have resulted in some relevant papers not being included. Furthermore, multiple studies drew on the same sample from the PHAST study between 2010 and 2017 (Cairney et al., 2010, 2017; Baerg et al., 2011; Kwan et al., 2013; Batey et al., 2014; Joshi et al., 2015) and the CATCH study between 2018 and 2021 (King-Dowling et al., 2018, 2019; Cairney et al., 2019; Brown et al., 2021; James et al., 2021; Li et al., 2021). These samples may not capture the demographic heterogeneity of the wider DCD population.



4.2 Future research

Based on the COM-B model of behavior change (Michie et al., 2011), future research could consider the reflective motivation and physical and social opportunities for children with DCD to engage in physical activity, an area generally neglected to date. Furthermore, based on the reviewed literature, there appear to be inconsistencies in implementing the diagnostic criteria for DCD in research. There were limited examples of all diagnostic criteria being considered. Therefore, future research should ensure the careful description of all criteria before grouping samples as DCD, rDCD, pDCD and TD. This will enable a more precise picture to emerge and opportunities for meta-analysis. In addition, only one identified study considered physical activity in adults with DCD (Tan et al., 2022). There is, therefore, a gap in understanding the capability, opportunity, motivation and behavior of adults with DCD in the context of physical activity.



4.3 Practical implications and recommendations

There is some evidence suggesting that FMS training (Yu et al., 2016a), Nintendo Wii interventions, and task-oriented functional interventions (Bonney et al., 2017a) may improve physical capability and that this, in turn, may improve participation in physical activity. However, recommendations for future interventions can be derived from the data obtained in this systematic review using the Behavior Change Wheel (BCW). The COM-B model forms the hub of the BCW, a systematic behavioral science tool for developing and characterizing interventions for health behavior change (Michie et al., 2011). The BCW is a synthesis of 19 behavior change models described in the literature and was developed because other existing models do not account for the full range of possible interventions for systematic health promotion intervention planning (Atkins and Michie, 2015). The BCW sits around the COM-B model and provides nine intervention functions. These are categories through which behavior can be changed: (i) training (e.g., feedback on behavior; self-monitoring of behavior, instruction on how to perform a behavior); (ii) enablement (e.g., social support, goal setting, action planning, coping planning, self-monitoring of behavior); (iii) coercion (e.g., feedback on behavior, social comparison); (iv) education (e.g., information about health consequences, feedback on behavior; prompts, cues; self-monitoring of behavior); (v) environmental change; (vi) role models; (vii) persuasion (e.g., information about health consequences, feedback on behavior); (viii) incentive (e.g., feedback on behavior; self-monitoring of behavior); and (ix) restrictions.

Based on this framework, for example, interventions to enhance the perceived psychological capability of children with DCD could include training people involved in providing physical activity opportunities to enable greater differentiation. Likewise, to enhance the social opportunity for physical activity, interventions could consider facilitating family or matched peer-based physical activities as part of daily routines. Interventions might include restructuring the environment to facilitate failure-free physical activity opportunities, preferably from a young age, to enhance reflective and automatic motivation.




5 Conclusion

Although preschool-aged children with DCD may engage in similar levels of physical activity behavior, differences emerge from 6 years of age; this age may align with greater expectations but also increased self-evaluation. Due to the nature of DCD, children’s reduced physical capability results in less participation in varied formal, recreational and skill-based activities, which limits their opportunity to enhance their physical capability. This may impact psychological capability, whereby children with DCD develop lower self-perceptions and lower self-efficacy, which feeds into this negative feedback loop that reduces their motivation to participate in physical activity. Barriers relating to physical and social opportunities to participate in physical activity have been identified that may result in negative attitudes and poor reflective and automatic motivation toward physical activity; however, there is some evidence that interventions, for example, using a Nintendo Wii or active video games, can enhance enjoyment, at least in the short-term. In the context of physical education, there is some indication that some children with DCD adopt coping strategies to minimize the psychological impact of compulsory participation in physical activity; however, the sustainability of adopting top-down cognitive strategies needs further investigation.



Author contributions

CP: conceptualization, data curation, formal analysis, investigation, methodology, project administration, resources, validation, visualization, writing – original draft, Writing – review and editing. KW: conceptualization, data curation, formal analysis, investigation, methodology, validation, visualization, writing – review and editing. NS: conceptualization, formal analysis, methodology, validation, writing – review and editing. JZ: conceptualization, formal analysis, methodology, validation, writing – review and editing. VR: formal analysis, validation, writing – review and editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnhum.2023.1274510/full#supplementary-material



References

Achenbach, T. (1991). Manual for the child behavior checklist/4-18 and 1991 profile. Burlington, VT: University of Vermont, Department of Psychiatry.

Adams, I., Broekkamp, W., Wilson, P., Imms, C., Overvelde, A., and Steenbergen, B. (2018). Role of pediatric physical therapists in promoting sports participation in developmental coordination disorder. Pediatr. Phys. Ther. 30, 106–111. doi: 10.1097/PEP.0000000000000485

Ajzen, I. (1991). The theory of planned behavior. Organ. Behav. Hum. Decis. Proces. 50, 179–211. doi: 10.1016/0749-5978(91)90020-T

American Psychiatric Association [APA] (1994). Diagnostic and Statistical manual of mental disorders: DSM-IV. Washington, DC: American Psychiatric Association.

American Psychiatric Association [APA] (2013). Diagnostic and statistical manual of mental disorders: DSM-5. Washington, DC: American psychiatric association.

Atkins, L., and Michie, S. (2015). Designing interventions to change eating behaviours. Proc. Nutr. Soc. 74, 164–170. doi: 10.1017/S0029665115000075

Baerg, S., Cairney, J., Hay, J., Rempel, L., Mahlberg, N., and Faught, B. (2011). Evaluating physical activity using accelerometry in children at risk of developmental coordination disorder in the presence of attention deficit hyperactivity disorder. Res. Dev. Disabil. 32, 1343–1350. doi: 10.1016/j.ridd.2011.02.009

Barnett, A., Dawes, H., and Wilmut, K. (2013). Constraints and facilitators to participation in physical activity in teenagers with developmental co-ordination disorder: An exploratory interview study. Child Care Health Dev. 39, 393–403. doi: 10.1111/j.1365-2214.2012.01376.x

Batey, C., Missiuna, C., Timmons, B., Hay, J., Faught, B., and Cairney, J. (2014). Self-efficacy toward physical activity and the physical activity behavior of children with and without developmental coordination disorder. Hum. Mov. Sci. 36, 258–271. doi: 10.1016/j.humov.2013.10.003

Beutum, M., Cordier, R., and Bundy, A. (2013). Comparing activity patterns, biological, and family factors in children with and without developmental coordination disorder. Phys. Occup. Ther. Pediatr. 33, 174–185. doi: 10.3109/01942638.2012.747585

Bonney, E., Ferguson, G., and Smits-Engelsman, B. (2017a). The efficacy of two activity-based interventions in adolescents with developmental coordination disorder. Res. Dev. Disabil. 71, 223–236. doi: 10.1016/j.ridd.2017.10.013

Bonney, E., Jelsma, D., Ferguson, G., Smits-Engelsman, B., and Ferguson, G. (2017b). Variable training does not lead to better motor learning compared to repetitive training in children with and without DCD when exposed to active video games. Res. Dev. Disabil. 62, 124–136. doi: 10.1016/j.ridd.2017.01.013

Brown, D., Kwan, M., King-Dowling, S., and Cairney, J. (2021). Cross-sectional associations between wake-time movement compositions and mental health in preschool children with and without motor coordination problems. Front. Pediatr. 9:752333. doi: 10.3389/fped.2021.752333

Bruininks, R., and Bruininks, B. (1978). Bruininks-Oseretsky test of motor proficiency. Circle Pines, MN: American Guidance Service.

Cairney, J., Hay, J., Faught, B., Corna, L., and Flouris, A. (2006). Developmental coordination disorder, age and play: A test of the divergence in activity-deficit with age hypothesis. Adapt. Phys. Activ. Q. 23, 261–276. doi: 10.1123/apaq.23.3.261

Cairney, J., Hay, J., Faught, B., Mandigo, J., and Flouris, A. (2005a). Developmental coordination disorder, self-efficacy toward physical activity, and play: Does gender matter? Adapt. Phys. Activ. Q. 22, 67–82. doi: 10.1123/apaq.22.1.67

Cairney, J., Hay, J., Faught, B., Wade, T., Corna, L., and Flouris, A. (2005b). Developmental coordination disorder, generalized self-efficacy toward physical activity, and participation in organized and free play activities. J. Pediatr. 147, 515–520. doi: 10.1016/j.jpeds.2005.05.013

Cairney, J., Hay, J., Mandigo, J., Wade, T., Faught, B., and Flouris, A. (2007). Developmental coordination disorder and reported enjoyment of physical education in children. Eur. Phys. Educ. Rev. 13, 81–98. doi: 10.1016/j.ridd.2019.03.004

Cairney, J., Hay, J., Veldhuizen, S., Missiuna, C., and Faught, B. (2010). Developmental coordination disorder, sex, and activity deficit over time: A longitudinal analysis of participation trajectories in children with and without coordination difficulties. Dev. Med. Child Neurol. 52:e67. doi: 10.1111/j.1469-8749.2009.03520.x

Cairney, J., Kwan, M., Hay, J., and Faught, B. (2012). Developmental coordination disorder, gender, and body weight: Examining the impact of participation in active play. Res. Dev. Disabil. 33, 1566–1573. doi: 10.1016/j.ridd.2012.02.026

Cairney, J., Veldhuizen, S., King-Dowling, S., Faught, B., and Hay, J. (2017). Tracking cardiorespiratory fitness and physical activity in children with and without motor coordination problems. J. Sci. Med. Sport 20, 380–385. doi: 10.1016/j.jsams.2016.08.025

Cairney, J., Veldhuizen, S., Rodriguez, M., King-Dowling, S., Kwan, M., Wade, T., et al. (2019). Cohort profile: The Canadian coordination and activity tracking in children (CATCH) longitudinal cohort. BMJ Open 9:e029784. doi: 10.1136/bmjopen-2019-029784

Cermak, S., Katz, N., Weintraub, N., Steinhart, S., Raz-Silbiger, S., Munoz, M., et al. (2015). Participation in physical activity, fitness, and risk for obesity in children with developmental coordination disorder: A cross-cultural study. Occupat. Ther. Int. 22, 163–173. doi: 10.1002/oti.1393

Christiansen, A. (2000). Persisting motor control problems in 11- to 12-year-old boys previously diagnosed with deficits in attention, motor control and perception (DAMP). Dev. Med. Child Neurol. 42, 4–7. doi: 10.1017/s0012162200000025

Dreiskämper, D., Tietjens, M., and Schott, N. (2022). The physical self-concept across childhood: Measurement development and meaning for physical activity. Psychol. Sport Exerc. 61:102187. doi: 10.1016/j.psychsport.2022.102187

Edwards, D., Carrier, J., and Hopkinson, J. (2016). Mealtime assistance for older adults in hospital settings and rehabilitation units from the perspective of patients, families and healthcare professionals: A mixed methods systematic review. JBI Evid. Synth. 14, 261–357. doi: 10.11124/JBISRIR-2016-003100

Engel-Yeger, B., Hanna-Kassis, A., and Rosenblum, S. (2012). Can gymnastic teacher predict leisure activity preference among children with Developmental Coordination Disorders (DCD)? Res. Dev. Disabil. 33, 1006–1013. doi: 10.1016/j.ridd.2012.01.005

Engel-Yeger, B., Hanna-Kassis, A., and Rosenblum, S. (2015). The relationship between sports teachers’ reports, motor performance and perceived self-efficacy of children with developmental coordination disorders. Int. J. Disabil. Hum. Dev. 14, 89–96. doi: 10.1186/s12913-016-1423-5

Foley, L., Prapavessis, H., Maddison, R., Burke, S., McGowan, E., and Gillanders, L. (2008). Predicting physical activity intention and behavior in school-age children. Pediatr. Exerc. Sci. 20, 342–356. doi: 10.1123/pes.20.3.342

Fong, S., Lee, V., Chan, N., Chan, R., Chak, W., and Pang, M. (2011). Motor ability and weight status are determinants of out-of-school activity participation for children with developmental coordination disorder. Res. Dev. Disabil. 32, 2614–2623. doi: 10.1016/j.ridd.2011.06.013

Fong, S., Vackova, D., Choi, A., Cheng, Y., Yam, T., and Guo, X. (2018). Diversity of activity participation determines bone mineral content in the lower limbs of pre-pubertal children with developmental coordination disorder. Osteoporos. Int. 29, 917–925. doi: 10.1007/s00198-017-4361-0

Green, D., Lingam, R., Mattocks, C., Riddoch, C., Ness, A., and Emond, A. (2011). The risk of reduced physical activity in children with probable developmental coordination disorder: A prospective longitudinal study. Spec. Issue Dev. Coord. Disord. 32, 1332–1342. doi: 10.1016/j.ridd.2011.01.040

Hamilton, S. S. (2002). Evaluation of clumsiness in children. Am. Fam. Phys. 66, 1435–1440.

Harris, S., Wilmut, K., and Rathbone, C. (2021). Anxiety, confidence and self-concept in adults with and without developmental coordination disorder. Res. Dev. Disabil. 119:104119. doi: 10.1016/j.ridd.2021.104119

Hay, J. (1992). Adequacy in and predilection for physical activity in children. Clin. J. Sport Med. 2, 192–201. doi: 10.1097/00042752-199207000-00007

Henderson, S., Sugden, D., and Barnett, A. (1992). Movement assessment battery for children-2. Res. Dev. Disabil.

Henderson, S., and Sugden, D. (2007). The Movement Assessment Battery for Children. London: The Psychological Corporation.

Howie, E., Campbell, A., Abbott, R., and Straker, L. (2017). Understanding why an active video game intervention did not improve motor skill and physical activity in children with developmental coordination disorder: A quantity or quality issue? Res. Dev. Disabil. 60, 1–12.

Howie, E., Campbell, A., and Straker, L. (2016). An active video game intervention does not improve physical activity and sedentary time of children at-risk for developmental coordination disorder: A crossover randomized trial. Child Care Health Dev. 42, 253–260. doi: 10.1111/cch.12305

Imms, C. (2008). Review of the children’s assessment of participation and enjoyment and the preferences for activity of children. Phys. Occup. Ther. Pediatr. 28, 389–404. doi: 10.1080/01942630802307135

Izadi-Najafabadi, S., Ryan, N., Ghafooripoor, G., Gill, K., and Zwicker, J. (2019). Participation of children with developmental coordination disorder. Res. Dev. Disabil. 84, 75–84. doi: 10.1016/j.ridd.2018.05.011

James, M., King-Dowling, S., Graham, J., Missiuna, C., Timmons, B., and Cairney, J. (2021). Effects of comorbid developmental coordination disorder and symptoms of attention deficit hyperactivity disorder on physical activity in children aged 4–5 years. Child Psychiatry Hum. Dev. 53, 786–796. doi: 10.1007/s10578-021-01155-0

Joshi, D., Missiuna, C., Hanna, S., Hay, J., Faught, B., and Cairney, J. (2015). Relationship between BMI, waist circumference, physical activity and probable developmental coordination disorder over time. Hum. Mov. Sci. 40, 237–247. doi: 10.1016/j.humov.2014.12.011

Kane, K., and Bell, A. (2009). A core stability group program for children with developmental coordination disorder: 3 clinical case reports. Pediatr. Phys. Ther. 21, 375–382. doi: 10.1097/PEP.0b013e3181beff38

King, G., Law, M., King, S., Hurley, P., Hanna, S., Kertoy, M., et al. (2007). Measuring children’s participation in recreation and leisure activities: Construct validation of the CAPE and PAC. Child Care Health Dev. 33, 28–39. doi: 10.1111/j.1365-2214.2006.00613.x

King-Dowling, S., Kwan, M. Y., Rodriguez, C., Missiuna, C., Timmons, B. W., Cairney, J., et al. (2019). Physical activity in young children at risk for developmental coordination disorder. Dev. Med. Child Neurol. 61, 1302–1308. doi: 10.1111/dmcn.14237

King-Dowling, S., Timmons, B., Cairney, J., Missiuna, C., and Rodriguez, C. (2018). Health-related fitness in preschool children with and without motor delays. Med. Sci. Sports Exerc. 50, 1442–1448. doi: 10.1249/MSS.0000000000001590

Kwan, M., Cairney, J., Hay, J., and Faught, B. (2013). Understanding physical activity and motivations for children with developmental coordination disorder: An investigation using the theory of planned behavior. Res. Dev. Disabil. 34, 3691–3698. doi: 10.1016/j.ridd.2013.08.020

Kwan, M., Li, Y., and Cairney, J. (2022). Theory-based correlates of physical activity among children with developmental coordination disorder: A scoping review. Curr. Dev. Disord. Rep. 9, 105–109. doi: 10.1007/s40474-022-00254-4

Largo, R., Caflisch, J., Hug, F., Muggli, K., Molnar, A., Molinari, L., et al. (2001). Neuromotor development from 5 to 18 years. Part 1: Timed performance. Dev. Med. Child Neurol. 43, 436–443. doi: 10.1017/s0012162201000810

Lee, I., Shiroma, E., Lobelo, F., Puska, P., Blair, S., Katzmarzyk, P., et al. (2012). Effect of physical inactivity on major non-communicable diseases worldwide: An analysis of burden of disease and life expectancy. Lancet 380, 219–229. doi: 10.1016/S0140-6736(12)61031-9

Li, Y., Kwan, M., King-Dowling, S., Rodriguez, M., and Cairney, J. (2021). Does physical activity and BMI mediate the association between DCD and internalizing problems in early childhood? A partial test of the Environmental Stress Hypothesis. Hum. Mov. Sci. 75, 102744. doi: 10.1016/j.humov.2020.102744

Lockwood, C., Munn, Z., and Porritt, K. (2015). Qualitative research synthesis: Methodological guidance for systematic reviewers utilizing meta-aggregation. JBI Evid. Implement. 13, 179–187. doi: 10.1097/XEB.0000000000000062

Marsh, H. (1990). Self Description Questionnaire – I (SDQI). Manual. NSW: University of Western Sydney.

Meek, G., and Sugden, D. (1997). Attitude formation towards physical activity in children with developmental coordination disorder. Eur. J. Spec. Needs Educ. 12, 157–170.

Mercê, C., Cordeiro, J., Romão, C., Branco, M., and Catela, D. (2023). Deficits in physical activity behaviour in children with developmental coordination disorder: Systematic review. Retos 47, 292–301.

Michie, S., Van Stralen, M., and West, R. (2011). The behaviour change wheel: A new method for characterising and designing behaviour change interventions. Implement. Sci. 6:42.

Missiuna, C., Pollock, N., and Law, M. (2004). The perceived efficacy and goal setting system. Cambridge, MA: PsychCorp.

Moola, S., Munn, Z., Sears, K., Sfetcu, R., Currie, M., Lisy, K., et al. (2015). Conducting systematic reviews of association (etiology): The Joanna Briggs Institute’s approach. JBI Evid. Implement. 13, 163–169. doi: 10.1097/XEB.0000000000000064

Noordstar, J., Stuive, I., Herweijer, H., Holty, L., Oudenampsen, C., Schoemaker, M., et al. (2014). Perceived athletic competence and physical activity in children with developmental coordination disorder who are clinically referred, and control children. Res. Dev. Disabil. 35, 3591–3597. doi: 10.1016/j.ridd.2014.09.005

Noordstar, J., van der Net, J., Voerman, L., Helders, P., and Jongmans, M. (2017). The effect of an integrated perceived competence and motor intervention in children with developmental coordination disorder. Res. Dev. Disabil. 60, 162-75.

Ouzzani, M., Hammady, H., Fedorowicz, Z., and Elmagarmid, A. (2016). Rayyan—a web and mobile app for systematic reviews. Syst. Rev. 5:210. doi: 10.1186/s13643-016-0384-4

Page, M., McKenzie, J., Bossuyt, P., Boutron, I., Hoffmann, T., Mulrow, C., et al. (2021). The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Syst. Rev. 10, 1–11.

Poulsen, A. (2008). Physical activity leisure-time participation of boys with developmental coordination disorder. Austr. Occup. The. J. 55:298.

Poulsen, A. A., Ziviani, J. M., Cuskelly, M., and Smith, R. (2007). Boys with developmental coordination disorder: Loneliness and team sports participation. Am. J. Occup. Ther. 61, 451–462.

Poulsen, A., Barker, F., and Ziviani, J. (2011a). Personal projects of boys with developmental coordination disorder. OTJR Occup. Part. Health 31, 108–117.

Poulsen, A., Johnson, H., and Ziviani, J. (2011b). Participation, self-concept and motor performance of boys with developmental coordination disorder: A classification and regression tree analysis approach. Austr. Occup. Ther. J. 58, 95–102. doi: 10.1111/j.1440-1630.2010.00880.x

Poulsen, A., Ziviani, J., and Cuskelly, M. (2008). Leisure time physical activity energy expenditure in boys with developmental coordination disorder: The role of peer relations self-concept perceptions. OTJR Occup. Part. Health 28, 30–39.

Public Health England (2016). Health matters: Getting every adult active every day. England: UK Government.

Rivilis, I., Hay, J., Cairney, J., Klentrou, P., Liu, J., and Faught, B. (2011). Physical activity and fitness in children with developmental coordination disorder: A systematic review. Res. Dev. Disabil. 32, 894–910.

Schott, N., Alof, V., Hultsch, D., and Meermann, D. (2007). Physical fitness in children with developmental coordination disorder. Res. Q. Exerc. Sport 78, 438–450.

Silman, A., Cairney, J., Hay, J., Klentrou, P., and Faught, B. (2011). Role of physical activity and perceived adequacy on peak aerobic power in children with developmental coordination disorder. Hum. Mov. Sci. 30, 672–681. doi: 10.1016/j.humov.2010.08.005

Sit, C., Yu, J., Wong, S., Capio, C., and Masters, R. (2019). A school-based physical activity intervention for children with developmental coordination disorder: A randomized controlled trial. Res. Dev. Disabil. 89, 1–9.

Stern, C., Lizarondo, L., Carrier, J., Godfrey, C., Rieger, K., Salmond, S., et al. (2020). Methodological guidance for the conduct of mixed methods systematic reviews. JBI Evid. Synth. 18, 2108–2118.

Stott, D., Henderson, S., and Moyes, F. (1986). The henderson revision of the test of motor impairment: A comprehensive approach to assessment. Adapt. Phys. Activ. Q. 3, 204–216.

Tan, J., Ylä-Kojola, A., Eriksson, J., Salonen, M., Wasenius, N., Hart, N., et al. (2022). Effect of childhood developmental coordination disorder on adulthood physical activity; Arvo Ylppö longitudinal study. Scand. J. Med. Sci. Sports 32, 1050–1063. doi: 10.1111/sms.14144

Tufanaru, C., Munn, Z., Aromataris, E., Campbell, J., and Hopp, L. (2017). Systematic reviews of effectiveness. Joanna Briggs Institute reviewer’s manual. Australia: The Joanna Briggs Institute Adelaide, 3–10.

Ulrich, D. (2004). Test of gross motor development 2nd Edition (TGMD-2). Ottawa: UniversitÉ d’Ottawa.

World Health Organization [WHO] (2020). Disability and health. Geneva: World Health Organization.

World Health Organization [WHO] (2022). Physical Activity. Geneva: WHO.

Wright, K., Furzer, B., Licari, M., Thornton, A., Dimmock, J., Naylor, L., et al. (2019). Physiological characteristics, self-perceptions, and parental support of physical activity in children with, or at risk of, developmental coordination disorder. Res. Dev. Disabil. 84, 66–74.

Yu, J., Capio, C., Abernethy, B., and Sit, C. (2021). Moderate-to-vigorous physical activity and sedentary behavior in children with and without developmental coordination disorder: Associations with fundamental movement skills. Res. Dev. Disabil. 118:104070. doi: 10.1016/j.ridd.2021.104070

Yu, J., Sit, H., Burnett, A., Capio, C., Ha, S., and Huang, Y. (2016a). Effects of fundamental movement skills training on children with developmental coordination disorder. Adapt. Phys. Activ. Q. 33, 134–155. doi: 10.1123/APAQ.2015-0008

Yu, J., Sit, H., Capio, M., Burnett, A., Ha, S., and Huang, Y. (2016b). Fundamental movement skills proficiency in children with developmental coordination disorder: Does physical self-concept matter? Disabil. Rehabil. 38, 45–51. doi: 10.3109/09638288.2015.1014067

Zimmer, C., Dunn, J., and Holt, N. (2020). Experiences in physical education for children at risk for developmental coordination disorder. Adapt. Phys. Activ. Q. 37, 385–403. doi: 10.1123/apaq.2019-0193

Zwicker, J., Missiuna, C., Harris, S., and Boyd, L. (2012). Developmental coordination disorder: A review and update. Eur. J. Paediatr. Neurol. 16, 573–581. doi: 10.1016/j.ejpn.2012.05.005

Zwicker, J., Suto, M., Harris, S., Vlasakova, N., and Missiuna, C. (2018). Developmental coordination disorder is more than a motor problem: Children describe the impact of daily struggles on their quality of life. Br. J. Occup. Ther. 81, 65–73. doi: 10.1177/0308022617735046



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Understanding factors that influence physical activity behavior in people with developmental coordination disorder (DCD): a mixed-methods convergent integrated systematic review



		1 Introduction



		2 Methods



		2.1 Eligibility criteria



		2.1.1 Study design



		2.1.2 Participants



		2.1.3 Intervention



		2.1.4 Comparators



		2.1.5 Outcomes







		2.2 Search strategy



		2.3 Data sources



		2.4 Article screening



		2.5 Critical appraisal



		2.6 Data extraction



		2.7 Data transformation



		2.8 Data synthesis and integration







		3 Results



		3.1 Characteristics of included studies



		3.1.1 Design



		3.1.2 Setting



		3.1.3 Identification of DCD



		3.1.4 Quality of the studies







		3.2 COM-B analysis



		3.2.1 Physical capability: physical strength, skill, or stamina (capacity to engage in the necessary physical processes)



		3.2.2 Psychological capability: knowledge, psychological strength, skill, or stamina (capacity to engage in necessary thought processes)



		3.2.3 Physical opportunity: opportunities provided by the environment, such as time, location, or resource (physical opportunity provided by the environment)



		3.2.4 Social opportunity: opportunities as a result of social factors, such as social norms and social cues (cultural milieu that dictates the way we think about things)



		3.2.5 Reflective motivation: reflective processes, such as making plans and evaluating things that have already happened (evaluations and plans)



		3.2.6 Automatic motivation: automatic processes, such as our desires, impulses and inhibitions (emotions and impulses arising from associative learning and/or innate dispositions)



		3.2.7 Behavior: the product of perceived capability, opportunity and motivation











		4 Discussion



		4.1 Strengths and limitations



		4.2 Future research



		4.3 Practical implications and recommendations







		5 Conclusion



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fnhum-17-1274510-t002b.jpg
Cermaketal, | CS 75% | Us:31DCD MABC-2, <I5th ‘Parent’s report Parental Isral and the US,
15 (93 years) and 44 challenges in ADL regardingmedical | children with DCD
D (95 years) history demonstrated reduced physical
Israck:22 DCD actvity, increased edentary
(87 years) and 21 behavior, poorer ftness and
(gils increased overweight vs typical
190 yars))
Howieetal, | RCT 6% | 2DCDormCD | MABC2 Dep-Q Parents reportedno | No significant diffrences in
10-12 years known behavioralor | time spent i sedentary,light,
neurologicaldisorders | moderate or vigorous physical
actvity the
intervention and control
periods.
Howieetal, | RCT o ‘Sample as Howie et al. (2016) o)
2017 ‘more confident,
improved ftness and an
incressed: ©
participate in sports and
physical activity.
King. os 7% | 111pbep MABC2, <Sthfor | Determined via ‘Young children,so n carly | Excluded f had a "No group differences o
Do (49 yaars) PDCDand 6th-16th | interview with parents i
etal, 2019 177:DCD forDCD conditionaffecting | Children with p-
same (49 years) ‘motor control accumulate MVPA inshorter
asCATCH 301TD (syears) bouts.
Cairneyetal, | Cs 00 | 257eDCD MABC2, <16th ‘Determined via parent Excluded those with | No group diferencesfor BMI
2019 011D semi-sructured any known percentile or physical actvity.
-5 yarsofage interview neurological or Children n the rDCD group
asCATCH physical condition | had significantly lower aerobic
which might affect | and musculoskeletal
‘motor control and larger wast circumference.
James et os 7% | 2s8atdeD MABC2, <16th ‘Young children, 5o n carly | Parents eported ‘When adjusting symptoms of
2021 (49 yaars)
Same sample 301TD (50 years) 'DCD ae lessacive than their
asCATACH ™D peers.






OPS/images/cover.jpg
, frontiers ‘ Frontiers in Human Neuroscience

Understanding fac
influence physical
behavior in peop
developmental coo

tors that
activity
e with
rdination

disorder (DCD):
a mixed-methods convergent
Integrated systematic review





OPS/images/fnhum-17-1274510-t002a.jpg
[T % Sample DMS IV and DSM 5* DSM IV DSM 5 Summary outcome
design Quality
score

CriterionA  CriterionB | CriterionC | Criterion D Criterion C Criterion D
Poor The deficits | Notdueto | Motor Onset of Not better
acqui nterfere with | general difficulties are symptomsisin  explained by

execution activitiesof | medical inexcessof the early intellectual,
of motor skills _ daily living and | any developmental
intellectual  period neurologi
eria | deficits condition
for PDD

Behavior

Long x| #4pco BoTMPSF Chidren vith known Chidren with DD
710 eaming diailes articpated less nstructured
o tayers and physical hal, e lay actviisbut his

problems were i ot change ithage.
xuded

o 7% | @boswihDoD | MABC2 Parentreport Facudediffada | Bxcuded if1Q < T00n 1P and MVPA both siglower

- Moot | <15 diagnosed st inDCDvspees
pco newrdlogicl Roys with DD spentles e
1013 yers porhiatic condiion in sructured and unstructured
PA compared o pers.

@ 7% | mppco BOTMPand MABC K brie 1Q et Divergence i free playactivty
w2 <in occurs for femal

Same sample St age for sumple: probable DD, bt no for

aPHAST S years 11 monthe e,

sudy

@ 7% | 193p0cD ALSAPC coordination | 23 tem ADL scle | Excluded thosewith | Fcluded thoe scoring oys with p-DCD wereles
a1381D et (e e per sl | completed b parent | Known beow 700n short hysicallyactve than boys
7 yearsand 12 years | from the MABC), visalnewologeal | formof WISC.IL ilhout DCD (n0 rowp

s condiion ilrencein i)

o S| 32DCD (128 year) | MABCZ, <150 Ul heKBIT2 10 Girls DCD/ADHD ~ contral
30DCD/ADHD ddermine pical 10 for dlysep count. No ther

Same sample (129 years) ilrences n i coun.

aPHAST 487D (127 years) Roys no diferences in daily
sudy i count between groups.

o 7% | @DCDbap | MABC, <isin Puntidentfied | Bxcuded ifhada | Excudedin1Q <700n Boys with DCD reportd fewer
13 boys without ilfculieswith aily | previouly diagnosed | STTRS (MVPA) aciviis and
pcp tiving kil newdlogiclor mjority of PAin DCD group
1012 yers medical disorder were completed ndiidualy or
11 montns in e home environment.

o 7% | 9pDCD Gy | MABCZ, <15 | Parets rporedon Teachers epored o Chidren with DG
10months) actiiisof daily ing cognitve diffcales articipated nles MYPA, had
9TD (8 years, higher BMIs, decreased
1 months) rengthand cardiovascalar

finess.







OPS/images/fnhum-17-1274510-g001.jpg
Identification

Screening

]

Included

Records identified from:
Pub Med (n = 2,525)

Psych Info (n = 992)
EMBASE (n = 1,575)
Scopus (n = 3,110)

CDAS (n=107)

Cochrane Library (n = 190)
Web of Science (n = 2,259)
CINAHL (n = 2,875)

ERIC (n = 552)

Records removed before
screening:

Duplicate records removed
(n=6,687)

Records screened
(n=17,428)

[

Records excluded
(n=17,242)

Records sought for retrieval
(n = 186)

Records not retrieved
(n=0)

Records assessed for eligibility
(n=186)

Records excluded:

Did not meet eligibility criteria (n
=137)

Duplicate records removed (n =
6)

Studies included in review
(n =43)







OPS/images/fnhum-17-1274510-t002f.jpg
Silman etal, 100 | 61ppCD MABC2, <15th KBIT-2 wsed to Lower perceived adequacy in
2011 611D determine1Q 'DCD compared to peers.
12-13 years Perceived adequacy and
physical activity were
inthe rlationship between
DCD and ftnes.
Engel-Yeger 100% | 33DCD (767 years) | MABC.<15th Disgnosed bya Children with DCD showed
etal, 2012 33D (.84 yaars) peditrican lower preference to participate
neurologist inactvites compared to peers.
Kwanetal, 100 | 19ppCD MABC2, 15t Had MABC-2 scores KBIT-2used t0
2013 2m across two time points determine1Q cognitions in DCD compared
Same sample 13-4 years with both flling below topeers.
aspHAST 15th, taken as Attitudes and subjective norms
study indication of ADL for PA partaly mediated the
ip between DCD and
A
Batey etal, s% | 20pDCD MABC2, <15th Excluded if <70 on A dirct effct of DCD on PA.
2014 (133years) Kaufman 1Q test was observed for boys, but ot
Same sample 76D (132 years) for girls. Neither task effcacy
aspHAST nor barrier efcacy
study the between DCD
andpa.
Noordstar s% | 31pcp MaBC Reported difficulties ‘No underlying No difference between groups.
etal, 2014 31 controls with acivtis of daly neurologicaldisorders | for perceived athletic
7-12years living were present competence scores, butlow
perceptions of-
competence
common n the DCD group.
Engel-Yeger 7% | 7DD MABC,<15th Allbadbeen referred | Excluded ifthey had Children with DCD showed
etal, 2015 2™ fortherapy ‘positive neurological Tower adequacy o
610-9yaars signsivisual ity compared to peers.
impairments Children with lower adequacy
of physicl activity showed

lower motor performance.
(predicted 78% of total MABC
score).







OPS/images/fnhum-17-1274510-t002e.jpg
Yuetal, 2021

73DCD.

6-10years

MABC-2, <5th

Noknown

impairments or other
conditions

Cairney etal,
2005

44pCD
556D
-l years

BOTMPSE, <10th

Cairney etal,
2005

44DCD
556D
-l years

BOTMPSE, <10th

Poulsenetal,,
2007

Qe

s0pCD
131D
Mean age 11 years

MABC

Reported difficulties
with tasks of daily
living

No reported
intellectual

Cairney etal,
2007

44ppCD
561D

-l years

BOTMPSE, <10th

Children with known

learning disabilities
and physical health

Kane and
Bel, 2009

Case series

3DCD children

BOTMP-SF

Excluded ifhad any.

WISC <70

Self-fficacy for PA isa key
contributor to participation in
PA.







OPS/images/fnhum-17-1274510-t002d.jpg
43DCD

7-10years

MABC-2

43DCD divided.

MABC-2, <16th

Self-report

‘Females aged
13-16 years.

perceived motor

competence
ADL questionnaire
completed in week |

No diagnosis ofa

Recruited from

‘motor performance was.

97ppCD
1857 1D

Starting age
9-10years

Test of Motor
Proficiency Ist Edition
(BOT-SE).

Excluded children with
known physical or
learning dificulties

King-
Dowling
etal, 20187

asCATCH

111DCD
177:DCD
30

Children 4-5 years

MABC-2,DCD < Sth,
DD between 6th and
6th

Fongetal.,
w18

75%

52DCD (7.5 years)
61TD (7.2 years)

HOMPT <orsquilto

R e

pep-Q

Excluded those with.
diagnosed.

ehich would better
explain the diffiulties







OPS/images/fnhum-17-1274510-t002c.jpg
Brownetal, | CS 75% | 2881DCD MABC-2, <16th Young children, soin early | Excluded those witha | Movement compositions were.
200 (487 years) i )
Same 300D (5 years) medicl condition | preschool.age children and.
ascaTc which might afect dassiod asat risk of
motorcontrol bep.
Tanetal, Long 7% | s00co Zurich Newromotor | Determined viacinical Partcpantsat ik of DCD had
o s3me assesment imerviews with alover total number of steps
s55TD parents than those notat risk
5 yearsand 25 years indicatedthat DCD
isk tatus incressed time spent
i sedentary light acivity and
decressed time spent in MVPA.
Physical capability
Fongetal, s 005 | st y Nomtalctual Childen with DCD
201 71D (syear) | score < 42 with ADL neurological impairment partcpated i fever
conditions which and partcpated s often than
‘might explin the peers.
dificulies Companionship,locton of
participaton,and.
Jevel did not differ between the
o groups.
josictal, | Long 1005 | 103p0CD Excluded children with | Figher BM1and waist
2015 251D “Tes of Motor Known physicalor foundin DCD
Same sample 9-10years st Editon dificultics | compared o peers. This
as PHAST (BOT-SF) difference increased over time.
sudy Physical sctvity did ot
mediteor moderste
ip between DCD and.
body
Yaetal, rer % | sswihpen MABC2 <lth | Teachersreported | Parent reported that Children who ecetved.
20162 (DCD[Exp] = 22; ‘motor difficulties. the children had not ‘movement skills
DCDiCon] - 16) been disgnosed with training viewed themselves 35
61D other disablties having bettr physcal
(Diesp) =17; physcal strength
‘TDlCon] =29) and physiclfitness compared
Aged5-10 years o those n the control groups.








OPS/images/logo.jpg
’ frontiers | Frontiers in Human Neuroscience







OPS/images/fnhum-17-1274510-t001.jpg
COM-B components

Possible facilitators of physical

Possible measures

activity behavior

Capability: individual’s physical and psychological capacity to engage in the behavior

Psychological: the capacity to engage in
necessary thought processes

Need knowledge of suitable local activity
opportunities

Need to know about easy and manageable activities
that are safe

Children’s self-perception and adequacy in predilection for physical
activity

Physical: the capacity to engage in the
necessary physical processes

Motor coordination problems
Reduced fitness

Adolescent Motor Competence Questionnaire, Developmental
Coordination Disorder Questionnaire, Movement Assessment
Battery for Children/Movement Assessment Battery for Children -
2nd ed, Test of Gross Motor Development, Bruininks Oseretsky Test
of Motor Proficiency/Bruininks Oseretsky Test - 2nd ed, Canadian
Agility and Movement Skill Assessment; Physical Activity
Questionnaire

Opportunity: all factors lying outsi

de the individual that makes the performance of the behavior possible or prompt it

Social: cultural milieu that dictates the way
we think about things

Family and peers provide encouragement to be
active.

Want to be active with other people with DCD who
understand their current situations.

Opportunity to be part of a group, to create
accountability and provide encouragement.

Social support for exercise behavior scale

Physical: physical opportunity provided by
the environment

Need accessible and pleasant walking routes or
groups —good pavements or footpaths, safe and
greenspace.

Need appropriate and accessible recreational spaces
and differentiated programs

Neighborhood environment scale
Presence of recreational facilities index
Participation and environment measure for children and youth

Motivation: all brain processes tha

t energize and direct behavior

Automatic: emotions and impulses arising
from associative learning and/or innate
dispositions

Social interaction with other people is a motivation
to be active.

Want to take part in physical activity that is fun
and enjoyable

Physical literacy in children questionnaire

Physical exercise self-efficacy scale

Exercise self-identity scale

Perceived behavioral control.

Positive and negative affect schedule short form

Children’s assessment of participation and enjoyment/preferences for
activities of children

Reflective: evaluations and plans

Understand the physical and mental health benefits
of physical activity

Canadian assessment of physical literacy
Physical literacy in children questionnaire
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