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ABSTRACT

OBJECTIVES Children with developmental disabilities experience motor skill deficits from childhood. 
Participation in motor skill intervention may be a promising way to promote their motor skills. The purpose 
of this study was to review the effectiveness of motor skill interventions on motor skills in children with 
disabilities.

METHODS To select relevant articles about motor skill interventions for children with developmental 
disabilities, a search of a database with pre-determined search terms and a manual search were 
implemented. After screening 476 articles, 21 studies were included in the current study. The studies were 
systematically summarized, and theories of motor development were discussed.

RESULTS Participation in motor skill intervention may be a way to promote motor skills in children with 
developmental disabilities. Dynamic system theory, Newell’s model and Stodden’s model can be used as a 
framework for motor skill interventions.

CONCLUSIONS Ample evidence exist indicating motor skill interventions are effective to promote motor skills 
in children with developmental disabilities. The motor skill interventions should be provided to children 
with developmental disabilities.
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Introduction

Developmental disabilities (DD) refer to combined 
conditions caused by an impairment in physical, learning, 
language, or behavior areas [1]. This includes but is not 
limited to attention-deficit/hyperactivity disorder, autism 
spectrum disorder, cerebral palsy, hearing loss, intellectual 
disability, vision impairment, and other developmental delays 
[1]. DD are a global health issue among all racial, ethnic, 
and socioeconomic groups. One in six, or about 14%, of 

children aged 3 through 17 years had one or more DD [1]. 
Children with DD tend to need more time and repetitive 
practice to master daily tasks because of their difficulty with 
memory, motivation, and attention [2]. In addition to the 
core characteristics of DD, motor skill deficits are a common 
characteristic in children with DD [3]. 

 Motor skills refers to a voluntary goal-oriented movement 
that is learned or relearned and requires the use of limbs and 
skills in which both the movement and the outcome of action 
are emphasized [3, 4]. Motor skills are generally categorized 
into two types: gross and fine motor skills. The development 
of children’s gross motor skills is essential for optimal physical 
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and social development, athletic performance and daily 
activities [5]. Fine motor skills play an important role in 
daily activity performance such as dressing and feeding [6]. 
Strong fine motor skills in children are related with higher 
academic achievement, such as mathematical and earlier 
reading development [7, 8]. Even though a number of studies 
indicates the importance of motor skills in children, children 
with DD experience motor skill deficits from early childhood.

Individuals with autism spectrum disorder (ASD) 
experience motor skill deficits, which present at an early age 
[9, 10]. Motor skill deficits are not currently used to phenotype 
individuals with ASD, yet one study suggests that persistent 
head-lag, a progressive aspect of motor development, is one of 
the earliest defining features of ASD [11]. In the study, infant 
siblings of children with ASD were measured prospectively 
by a pull-to-sit test from 6 to 36 months, and the presence of 
persistent head-lag at 6 months had strong associations with a 
confirmed ASD diagnosis at 36 months of age. Other common 
motor skill deficits indicated in early development include 
delayed postural development [12], delayed interceptive 
actions (catching, hitting, and kicking), and core balance 
ability [13]. In addition, children with ASD aged from 5 – 
10 years showed significant gross motor skill delays when 
compared to their age matched peers [14]. 

Children with attention deficit hyperactivity disorder 
(ADHD) experience more deficits in both fine and gross 
motor skills than children without ADHD [15]. Moreover, 
Developmental Coordination Disorder (DCD) is often 
considered as a comorbidity of ADHD [16]. Children with 
ADHD display slower and more heterogeneous reaction 
times compared to children without disabilities [17given 
the association between ADHD and impairments in motor 
control, we hypothesized that slower or more variable reaction 
times might also correlate with motor development. The aim of 
this case-control study was to explore the relationship between 
motor function, reaction speed and variability, and ADHD. 
After comprehensive educational and clinical assessments, 
motor skill development was evaluated in 35 children ages 
9 to 14 (19 with ADHD]. Moreover, ADHD children with 
high levels of inattention experience poorer motor skill 
performance than ADHD children with hyperactivity or 

impulsivity [18]. A large body of literature has found that 
children with intellectual disability experience motor skill 
deficits [19] – [22]. A study found that youth with ID had lower 
motor skills than youth without disabilities after controlling 
for age and gender. The authors of this study also indicated 
that children’s weight status (high BMI) may partially affect 
their motor skills [19]. The severity of ID may be one of the 
factors negatively impacting the motor skills of children with 
ID [22]. A study found that objectively measured locomotor 
motor skills of children with mild ID are significantly lower 
than in children with borderline ID. 

One of the main characteristics of cerebral palsy (CP) 
is limited development of movement and posture [23]. If a 
region of the brain (e.g., primary motor cortex) is impaired 
or damaged before, during, or after birth, it is likely to lead to 
postural control dysfunction with deficits in postural networks 
[24]. This is known as a factor related to gross motor skills 
such as upper and lower limb activities [25, 26]. Children 
with CP have lower product-oriented fundamental motor skill 
scores compared to children without cerebral palsy [27]. A 
systematic review including 17 studies indicated that people 
with CP experience running inefficiency, meaning that they 
expend more energy when running compared to people 
without CP [28]. As ample evidence indicates that children 
with DD experience motor skill deficits, it is important to 
promote their motor skills.

Participation in motor skill intervention is one of 
promising ways to promote motor skills in children with and 
without disabilities [29,30]. Motor skill intervention provides 
children with organized and structured opportunities to learn 
about motor skills. Children’s motor skills are reinforced 
and practiced in the interventions by researchers, teachers, 
coaches, or parents. Types of motor skill intervention include 
but are not limited to physical activity-based, technology-
based, family-involved, and group-based interventions. Logan 
and colleagues found a moderate effectiveness of motor skill 
intervention on motor skills in children without disabilities (d 
= 0.39, p < 0.001). Specifically, the study indicated that object 
control and locomotor skills significantly improved from pre- 
to post-intervention (d = 0.41, p <0.001; d = 0.45, p < 0.001). 
Even though the effectiveness of motor skill intervention for 
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children without disabilities has been well studied, the effects 
of motor skill intervention on motor skills in children with 
DD remain unclear. 

The current study, therefore, reviewed the effects of 
motor skill intervention on motor skills in children with 
DD by focusing on five different types of disability: autism 
spectrum disorder, developmental coordination disorder, 
attention-deficit hyperactivity disorder, intellectual disability, 
and cerebral palsy. Moreover, widely used theories (e.g., 
dynamic system theory, Newell’s model, and Stodden’s model) 
explaining motor skill development were explained to support 
findings. 

Text

The current study conducted a literature review search 
to examine the effectiveness of motor skill interventions for 
motor skills in children with DD. Inclusion criteria for the 
current systematic review were as follows: a) peer-reviewed 
article, b) printed in English, c) a publication date between 
January 1990 and June 2018, d) presence of motor-related 
term, disability-related term, and child-related term in the title 
and/or abstract, and e) intervention study (structured motor 
skill programs were provided to children with DD).

Search strategy

An electronic database: Psycinfo was used for the literature 
searches. The search terms used for the current study for the 
database included: “motor skill*” AND “intervention*” AND 
“disabilit*” AND “child*”. The initial search produced 476 
articles. A primary author (BMK) and a research assistant 
reviewed the articles. After screening articles, the number of 
articles included in the current study was n = 21. 

Data extraction

Data from the included studies were extracted by a primary 
author based on the purpose of this study. The following data 
were extracted: author name, published date, country of study, 
study design, characteristics of participants (sample size, age, 
and sex) intervention approach, intervention length, setting, 
outcome measure, and targeted skills and main results. [Table 
1] includes this information. 

Note. ASD = Autism spectrum disorder, CP = cerebral 
palsy, DCD = developmental coordination disorder, ID = 
intellectual disability, DD = developmental disabilities (studies 
include different types of developmental disabilities), PDMS = 
Peabody developmental motor scales, TGMD = test of gross 
motor development, MABC = Movement assessment battery 
for children, GMFM = Gross motor function measure 

Results

Based on the current review, ample evidence suggests 
that participation in motor skill intervention significantly 
and positively influences motor skills in children with DD. 
Most studies in the current review indicated that motor skills 
in experimental groups improved compared to baseline (pre 
vs. post). However, this result should be interpreted with 
caution because a randomized control trial which confirms 
causal effects of motor skill intervention has not been widely 
implemented. Of the 21 studies, only three studies were 
randomized control trials, two of which did not find outcome 
differences between experimental groups and control groups 
[31,32]. This may indicate that motor skill improvements 
through non-randomized control trial studies in children with 
DD may have occurred by chance. Higher quality studies such 
as a randomized control trial should be done to scrutinize 
the effectiveness of motor skill intervention. In the current 
review, the sample size of studies ranged from three to 233. 
Most of the studies had a relatively small sample size, except 
for two studies [32,33]. With small number of participants, 
most studies have generalizability issues. Although participant 
recruitment is a common issue in disability-related studies, 
it is recommended to have appropriate sample size with 
reporting power analysis. 

 In the current review, as children aged, the targeted motor 
skills tended to shift from fundamental motor skills to sport-
related skills. For example, for younger children with DD (1 – 
7 years old), common targeted skills were object control skills 
(e.g., throwing, catching, and hitting) or locomotor skills (e.g., 
walking, running, and jumping) [34–36]. For older children 
with DD (above 8 years old), however, sports-related skills 
such as swimming, bicycling, ball shooting, and dribbling 
skills were widely studied [37–39]. These represent age-
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.  

related motor development in children [40]. According to the 
mountain of motor development (40), children aged from one 
to seven years develop fundamental motor skills, and after 
that period, children begin to learn context-specific motor 
skills. Even though age does not guarantee improvement of 
motor skills, it is important for interventionists to provide 
chronological age-related interventions because chronological 
age is still a driving force for motor skill development. 
Moreover, age-matched intervention is important for children 
with DD from a social participation perspective. Specifically, 
participating in an intervention may be a starting point 
allowing them to socialize with their peers. For example, 
school-aged children can socialize with their peers by playing 
sports such as basketball and soccer. If children with DD 
do not participate in aged-matched intervention, it may 
be challenging for them to continue to participate in the 
intervention, which in turn leads to limited opportunities to 
socialize with their peers. 

Based on the results of the current review, intervention 
length (i.e., frequency and duration) may be a factor that 
influences the effectiveness of motor skill intervention. 
Most studies in the current review provided motor skill 
interventions to children with DD for more than 16 hours 
and found motor skill improvement in children with DD. This 
is aligned with a meta-analysis including 18 studies, which 
found that the intervention length was a moderator for the 
association between participation in motor skill intervention 
and motor skills in children with ASD [29]. Studies that 
provided 16 total hours or more had significantly larger effects 
on motor skills in children with ASD compared to studies 
that provided less than 16 hours [29]. From a human motor 
development perspective, this may apply in other populations, 
such as children with developmental coordination disorder 
or ADHD. 

In the current review, intervention types varied from 
physical activity-based programs to occupational therapy, 
depending on study purposes. One of the common 
characteristics of successful interventions was that intervention 
contents were matched to targeted motor skills. For example, 
if a researcher targeted object control skills in children with 
DD, the intervention contents were highly related with object 
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control skills. Sit’s study (2019) is an impressive example of 
this [32]. The study was a randomized controlled trial and 
found significant effects of the motor skill intervention. They 
targeted running, jumping, catching, kicking, and throwing 
skills in children with DCD and offered a fundamental motor 
skill training program which focused on the five motor skills. 
If targeted skills and intervention programs are not matched, 
the effectiveness of the intervention may be reduced. A study 
targeted gross motor skills and functional mobility in children 
with DD, but they provided an aquatic aerobic exercise 
program which was not highly related with the targeted 
motor skills [41]. This study only found a negligible effect 
of the intervention on functional mobility and gross motor 
skills in children with DD. Thus, the intervention contents 
should be directly related with targeted motor skills to improve 
the effectiveness of motor skill intervention in children with 
disabilities. 

Even though more research should be done to examine the 
mechanism for the relationship between participation in motor 
skill interventions and improved motor skills in children with 
disabilities, possible explanations for the relationship may 
be found in theories of motor development. These theories 
include but are not limited to the dynamic system theory [42], 
Newell’s model [43], and Stodden’s model [44].

Theories of motor development

The dynamic system theory is one of the most well-known 
approaches to explaining motor development. It conceptualizes 
the combination of complicated nonlinear systems in physics 
and mathematics with traditional biological and psychological 
approaches. There are two main concepts of dynamic system 
theory: (1) development should be understood in the context 
of multiple, mutual, and continuous interaction between all 
levels of the developing system and (2) development should 
be understood in the nested processes that disentangle over 
many timescales [42]. Even though these concepts can be 
applied to all different species, the dynamic system theory 
specifically targets the process of human development. 
Traditional developmentalists considered newly learned 
behavior as originating from either the organism or the 
environment. However, a more recently accepted explanation 

is that development is affected by both the organism and the 
environment. In the theory, this pattern is explained by self-
organization, which refers to the body’s ability to identify a 
stable pattern within the context of the body’s characteristics 
[45]. For example, one characteristic of people with CP is their 
crouch gait. Within the dynamic system theory, the crouch gait 
is the walking pattern that is maximized within the physical 
and neurological characteristics of ambulatory children with 
CP, even though they spend more energy when walking 
compared to children without CP. These are often considered 
attractor states, which means that the body modifies their 
ability in a preferable way depending on constraints (i.e., 
factors that influence motor behavior) [42]. In other words, 
the body’s ability in individuals with CP uses crouch gait as an 
attractor state to maximize their ability to walk by interacting 
with constraints. 

Newell (1986) categorized the constraints into three 
different types: individual, task, and environmental <Figure> 
[43]. The individual constraint subdivides into structural 
(i.e., physical characteristics of humans, such as height and 
weight) and functional (i.e., psychological states of humans, 
such as attention and motivation) constraints. Motor behaviors 
are influenced by these two components. For example, there 
are two persons who play basketball. One person is highly 
motivated but the other person is demotivated toward playing 
basketball. Even though they have the same basketball skills, 
the motivated person may show better performance (i.e., 
motor behavior) compared to the other during a game because 
of the functional constraint (i.e., motivation). Environmental 
constraints refer to factors that influence motor behavior from 
outside the individual, such as weather, surface of the ground, 
and peers. For instance, an individual’s basketball dribbling 
skills may vary depending on where they dribble (e.g., sand 
vs. hard surface). Lastly, task constraints include the goals, 
rules, and equipment that influence motor behavior. During 
a basketball game, the reason why players do not kick the 
basketball is because of the kick ball rule. If there were no 
kick ball rule in the basketball game, players could use legs as 
well. This suggests that human motor behavior is affected by 
task constraints. It is important to note that as each constrain 
is related to the others, the effects of constraints on motor 
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behavior is not straightforward but complex, suggesting that 
motor development is non-linear and should be interpreted 
by considering multiple factors <Figure 1>. 

Figure 1. Newell's constraints model. Note: Figure adapted from Newell 
(1984).

Another model that has been widely used in explaining 
motor development is Stodden’s model (2008) [44]. This 
model highlights the bi-directional relationship between 
physical activity and motor skill development. This means that 
even though motor skill proficiency is a factor that impacts 
participation in physical activity, conversely, physical activity 
has also been considered as a factor that influences the motor 
skill development of children [47]. A study confirmed that in 
pre-school-aged children, engaging in moderate to vigorous 
physical activity (MVPA; activities that take moderate or hard 
physical effort and make an individual breather somewhat 
hard or much harder than normal) was significantly associated 
with total movement skill scores (r = 0.18, p < 0.001), but light-
intensity physical activity (activities that take the least amount 
of physical effort and make an individual breather a little bit 
harder than normal) was not related with the motor skills 
of children [48]. Another study found that pre-school-aged 
children who had higher levels of MVPA were least likely to 
be in the low motor skill tertile compared to children who 
had lower levels of MVPA [49]. This association was clearer 
in four-year-old children than in three-year-olds. Due to the 
fact that fundamental motor skill development is an emerging 
stage in three-year-olds, motor skills may be less of a facilitator 
for PA participation compared to the motor skills of children 
aged four. 

Other studies investigated this association, focusing 
on type of PA [50] and duration of PA (51). In a study, 
physical activity (very active indoor and outdoor play) was 
significantly correlated with a specific type of motor skill 
development (throwing at a target, running speed; r=0.24, 
p = 0.01; r=0.21, p = 0.03) [50]. The authors indicated that 
one possible mechanism is that children can use their whole 
musculature and power-related ability, which are connected 
to improving running velocity and jumping distance during 
outdoor play. Moreover, the duration of PA was associated 
with motor difficulty in pre-school aged children [51]. In this 
study, children who participated in PA less than 840 mins/wk 
were significantly more likely to experience motor difficulty 
(MABC-2; <5th percentile) than children who participated in 
physical activity over 840 min/wk (OR=2.3; 95% CI:10, 5.1). 

A recent study suggests that physical activity behaviors 
in young children with DD were associated with their motor 
skills (β = 0.20, p < 0.001) [52]. In this study, 6% of the 
motor skills of young children with DD were explained by 
the children’s physical activity behaviors and parental factors. 
The authors of this study suggest that even though physical 
activity participation influences motor skill development in 
young children with developmental disabilities, it does not 
guarantee the improvement of motor skills. Therefore, to 
maximize a child’s motor skills, the motor skills should be 
taught, reinforced, and practiced [55]- [56]. To promote motor 
skills in children with DD, interventionist should embrace 
the theory-related frameworks into their interventions and 
encourage children with DD to participate in the interventions 
[56]. 
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