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Children with developmental coordination disorder (DCD) demonstrate significant motor deficits that place them
at risk for other health problems such as low physical activity (PA) and overweight/obesity. There is a need to update
the effect of diverse movement-based interventions that use gross motor skills to improve psychomotor develop-
ment of this population. Thus, the purpose of this review study was to investigate the characteristics of effective
motor skills interventions for children with DCD, analyzing types of motor tasks, instructional strategies, and lear-
ning environment. Studies published between January 1994 and December 2015 were extracted based on inclusion
criteria: (1) clear identification of DCD, (2) experimental study design with pre- and post-test, (3) age range of 5 to
12 years, (4) motor/movement-based intervention, and (5) publication in peer-reviewed journal. Of the 317 studies
identified, only seven met the review criteria. Most studies showed significant improvements in various motor skills
of participants with DCD such as manual dexterity, ball skills, and balance. Various types of movement-based inter-
ventions can improve motor skills in children with DCD even though the level of improvement differs from study
to study. However, more rigorous intervention studies are needed to: (1) identify motor intervention best practices,
(2) examine the sustainability of changes, and (3) examine the impact of the intervention on other physical, health,
social, and emotional outcomes.
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Introduction

Cause and diagnosis of the developmental coordi-
nation disorder (DCD)

Atypical brain development that affects learning new
motor skills is generally proposed as a cause of DCD
(Gilger & Kaplan, 2001). The sensorimotor dysfunc-
tion produced in the central nervous system has also
been believed as the main cause of general symptoms
of DCD (Deng et al., 2013). Nevertheless, the cause
of DCD is still unclear (Lichtenstein, Carlstrém, Rés-
tam, Gillberg, & Anckarsiter, 2010).

According to the American Psychiatric Associ-
ation (APA) (2013), DCD occurs when “the level
of motor coordination and learning is substantially
below that expected given the individual’s chronolo-
gical age, intelligence, and opportunity for performing
motor skills”. The Diagnostic and Statistical Manual
of Mental Disorders (APA, 2013) is a global standard
for the diagnosis of DCD and includes four criterion
relating to the motor performance, disturbance in daily
living, onset of symptoms, and the relation to other
medical conditions.

Significantly, the estimated prevalence of DCD is
approximately 5-6% in school-aged children (Blank,
Smits-Engelsman, Polatajko, & Wilson, 2012) and it
can persist into adolescence and adulthood (Rasmu-
ssen & Gillberg, 2000). As a result, DCD has been
described as one of the six most commonly diagnosed
developmental disorders (Kwan, Cairney, Hay, & Fau-
ght, 2013).

Manifestations of DCD

Children with DCD typically show the delayed reac-
tion time to sensory stimuli with decreased adapta-
bility and flexibility in motor learning/motor beha-
vior. In addition, they tend to rely heavily on visual
feedback (Barnhart, Davenport, Epps, & Nordquist,
2003) and demonstrate poorer visual spatial pro-
cessing compared to typically developing (TD) chil-
dren (Wilson & McKenzie, 1998).

More importantly, movement and coordination
problems are the main manifestations of DCD. Chil-
dren with DCD often experience difficulties in play-
ground activities such as hopping, jumping, running,
and catching or kicking a ball. Poor coordination skills



Motor skills interventions in children with DCD: A review study 21 |

in academic activities including writing, drawing, and
using scissors often result in scribbled and more chil-
dish academic performance (Dewey, Kaplan, Craw-
ford, & Wilson, 2002).

The representative outcome of DCD is a low level
of PA. Children with DCD have a lower task and
barrier efficacy toward PA than their peers and they
spend significantly less time in moderate-to-vigorous
PA than their peers (Batey et al., 2014; Cairney, Hay,
Faught, Wade, et al., 2005). Also, children with DCD,
in general, are less physically fit (Faught, Hay, Cairney,
& Flouris, 2005) and remarkably exposed to overwei-
ght and obesity (Cairney, Hay, Faught, & Hawes,
2005). Consequently, children with DCD experience
difficulties with learning new motor skills and show
delayed motor development (Jongmans, Smits-Engel-
sman, & Schoemaker, 2003).

These connective consequences can be explained by
the association; poor motor skills can lead to reduced
motivation to participate in PA and reduced PA dimi-
nishes opportunities to improve a motor skill (McKen-
zie, Alcaraz, Sallis, & Faucette, 1998). In other words,
low participation in PA will impede motor skill deve-
lopment which, in turn, will lead to avoidance of PA
participation (Larkin & Rose, 2005).

Moreover, children with DCD often show high
rates of social difficulties, low self-esteem, and asso-
ciated behavioral problems during their childhood and
adolescence (Ward & Rodger, 2004). Therefore, poor
motor skills of children with DCD can be linked to
the low self-esteem and physical inactivity and these
eventually causes diverse health problems (Straker
etal., 2011).

Motor skills learning in children with DCD

The term ,,motor learning” refers to the relatively per-
manent behavioral changes associated with practice
or experience (Schmidt & Lee, 1988). According to
Bo, Langan and Seidler (2008), motor learning can
be divided into two different concepts: sensorimotor
adaptation and sequence learning. The former indica-
tes that people modify movements to environmental
changes by using either sensory input or motor output
characteristics. Whereas, sequence learning enables
individuals to combine isolated movements into one
smooth and coherent action. Significantly, due to poor
sensorimotor adaptation and sequence learning, chil-
dren with DCD often experience difficulties at smooth
body movements or delay in motor learning and those
comorbid problems are substantially overlapped with
Attention Deficit Hyperactivity Disorder, Dyslexia,

and Autism Spectrum Disorder (Kadesjo & Gillberg,
1999).

Kirby and Sugden (2007) stated that ”DCD is defi-
ned on the basis of a failure of the acquisition of skills
in both gross and fine movements, which is not expli-
cable on the basis of impaired general learning and
similar exposure to the opportunity to gain motor skills
as their peers”. Children with DCD typically perform
poor fine and/or gross motor skills, and consequently,
their motor performances are usually slower, less accu-
rate, and more variable than that of their peers (Zwic-
ker, Missiuna, Harris, & Boyd, 2012). Poor static and
dynamic balance, postural control, manual catching
and interceptive action, and sensory-motor coordina-
tion are representative motor skills deficits of children
with DCD (Geuze, 2005; Piek & Dyck, 2004; Wilson,
Missiuna, Harris, & Boyd, 2013).

Nonetheless, it has been proved that motor skills
of children with DCD are likely to be improved by
various interventions such as neuromotor task training,
perceptual-motor and sensory-integration therapy, and
kinesthetic training (Hillier, 2007; Schoemaker, Nie-
meijer, Reynders, & Smits-Engelsman, 2003). These
intervention approaches generally belong to either
process-oriented or task-oriented approaches.

In spite of the efforts to develop effective inter-
vention methods, the level of motor skills in children
with DCD is still low compared to that of their peers.
An updated review, investigating the effectiveness
of newly approached movement-based interventions
and the factors influencing the motor skills of chil-
dren with DCD, is needed to provide the synthesized
results of motor skills interventions for this population
segment.

Therefore, the aim of the present study was to
investigate the characteristics of effective movement-
based interventions and to analyze influencing factors,
including types of motor tasks, instructional strategies,
and motor learning environment.

Methods

Selection of studies

The following electronic databases were used to search
relevant studies published between January 1994
and December 2015: MEDLINE/PubMed, Science
Direct, SPORTDiscus, PsycINFO, and ERIC (Educa-
tion Resource Information Center). January 1994 and
December 2015 were set as the date range for sear-
ching since in 1994 an international panel of experts
was convened at a consensus meeting in London,
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Ontario, which accelerated the discussions and rese-
arch on DCD.

Only studies written in English with full-text avai-
lable were included. Key terms were divided into two
different groups: diagnostic terms and the outcomes
of interest indicating intervention type or method for
motor learning. Subsequently, the following key terms
were used: developmental coordination disorder,
DCD, dyspraxia, coordination impairment, coordina-
tion problem/-s, coordination difficulty/-ies, coordi-
nation deficit/-s, movement skill problem/-s, move-
ment deficit/-s, motor disorder, motor deficit/-s, motor
difficulty/-ies, motor dysfunction, clumsiness, clumsy,
motor function/-s disorder, <AND> exercise, physi-
cal activity, intervention, instruction, teaching, motor
learning, motor development, acquisition, physical
movement, skill improvement, training, practice, per-
formance, movement outcome/-s, movement effect/-s.

Only studies with key terms in their title or abstract
were included for review. To avoid omission of rele-
vant studies, a motor learning expert repeatedly scree-
ned merged studies during the searching process.

Inclusion and exclusion criteria

Five inclusion criteria were set up based on PRISMA
guidelines (Moher, Liberati, Tetzlaff, Altman,
& Prisma group, 2009):

1. The study should inform medical identifica-
tion of DCD according to DSM-5 guidelines
(APA, 2013) or previous version; DSM-IV
(APA, 1994; APA, 2000). Additionally, it is
considerable to include studies that used stan-
dardized tests to identify DCD.

2. Research design should be an experimental
design such as randomized controlled trial
(RCT) or quasi-experimental design with
a control group and pre- and post-tests.

3. Participants should be 5 to 12 years of age
at any level of DCD.

4. The intervention should be movement-based
motor skills learning or sport-specific training
with a defined period of or less than 12 weeks
to minimize the non-treatment effect resulting
from the natural growth of children.

5. The study should be published in a peer-
reviewed journal with full-text accessibility.

Meanwhile, four exclusion criteria were set up
to avoid misinterpretation or over-representation
of results:

1. Studies that include participants with identi-

fiable neurological disorders (e.g., cerebral
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palsy) or other health conditions such as
stroke, leukodystrophy, traumatic brain injury,
autism spectrum disorder, language disorder,
or muscular disorders were excluded.

2. Studies with mixed or multiple interventions
design were excluded due to the likelihood
of misinterpretation of the result.

3. Duplicated studies with interim data or same
subject cohorts in multiple publications were
excluded in order to eliminate over-represen-
tation of that particular result (Crowther, Lim,
& Crowther, 2010).

4. Studies with an unclear description of interven-
tion were excluded (e.g., studies without spe-
cific tasks description, frequency, or duration).

Information on publication year and author, par-
ticipant characteristics, sample size, gender ratio,
identification method of DCD, study design, type and
duration of intervention, motor skill assessment tool,
and outcome measures were extracted.

Results

Procedure of study selection

A total of 317 studies were identified through preli-
minary e-database searching. After the screening pro-
cess, only seven studies were selected as those ful-
filled the inclusion criteria (Figure 1).

Characteristics of included studies

The characteristics of the included studies are descri-
bed in Table 1. Among the articles analyzed, there was
a total of 353 participants (children with DCD: 299,
TD children: 54) with the age range of 5-12 years and
the majority of participants was boys. Five studies
used quasi-experimental study design, while only two
studies used randomized controlled trial.

The most frequent method for assessment of the
intervention effects was the Movement Assessment
Battery for Children (MABC)-2/MABC and additio-
nal assessment tools were simultaneously used, inc-
luding Trampoline Body Coordination Test, isokinetic
machine and unilateral stance test, hand-held dynamo-
meter, functional strength measure, Bruininks Oseret-
sky Test, and bilateral coordination and agility test.

The dominant setting in which the interventi-
ons were applied was the school. Also, interventi-
ons were applied to children under the supervision
of motor learning experts in most of the included
studies (Coetzee & Venter, 2015; Ferguson, Jelsma,
Jelsma, & Smits-Engelsman, 2013; Giagazoglou,
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SPORTDiscus

n=105 n=730

n=>51

n=105 n=26

Merged results

n=317

133 articles overlapped

184 original articles were screened by title and abstract

173 studies not meeting inclusion criteria were excluded

e unclear identification of DCD (n = 63)

* non-experimental design (n =51)

 without control group (n = 20)

* age of participants is over 12 (n=7)

* non-motor/movement-based intervention (n = 27)
¢ unavailable data (n = 5)

4 studies using same cohort of participants
for multiple publication were excluded

7 articles were included in review

Figure 1. Flowchart of study selection

Sidiropoulou, Mitsiou, Arabatzi, & Kellis, 2015; Jel-
sma, Geuze, Mombarg, & Smits-Engelsman, 2014;
Peens, Pienaar, & Nienaber, 2008; Tsai, 2009). Whe-
reas, Fong, Chung, Chow, Ma and Tsang (2013) used
both institutional and home-based settings as children
trained Taekwondo at the administering institute and
home with a self-training curriculum..

Effectiveness of motor skills interventions

Ferguson et al. (2013) compared the effectiveness
of Neuromotor Task Training (NTT) and Nintendo Wii
Fit training. The Wii Fit intervention, witch consisted
of practicing body movements according to the pro-
vided stimuli, showed improvements in fundamental
motor skills even though the result were not statistica-
lly significant. The effect of Wii Fit training on motor
skills improvement was repeatedly proved (Jelsma
et al., 2014). Results showed that the balance of chil-
dren with probable DCD was significantly improved
after 6 week Wii Fit training, while no significant

improvement was found in manual dexterity and aim-
ing and catching.

The effect of martial arts training was also investi-
gated. Fong et al. (2013) executed 12 weeks of Taek-
wondo training for children with DCD and the results
proved that children in TKD group showed slower
outcomes in a unilateral stance test that measured
body sway velocity than children in the control group,
but the equivocal effect was found in reactive balance
control.

Meanwhile, Giagazoglou, Sidiropoulou, Mitsiou,
Arabatzi and Kellis (2015) used the trampoline as
a primary intervention tool. In spite of significant per-
formance improvement in all balance post-tests after
12 weeks of balance training program, there were no
statistically significant differences between the expe-
rimental and control group. However, the significant
result was found in univariate group X time interac-
tion effect of all 9 motor domains and in the total score
of the Trampoline Body Coordination Test (TBCT),
including segmental movement flow, body posture,
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muscle strength, rhythm, balance, side asymmetry,
body stability, and decreased redundant movements.

In a current study by de Milander, Coetzee and Ven-
ter (2015), the experimental group was trained using
a perceptual-motor intervention program implemented
by a Kinderkineticist who is familiar with the motor
development of young children. Authors reported
that the Kinderkinetics program as an early funda-
mental motor skills intervention positively influenced
balance ability, whereas manual dexterity and aiming
and catching showed no significant changes. In addi-
tion, there was no significant difference in the overall
motor proficiency level between the experimental and
control groups.

Similarly, Peens, Pienaar and Nienaber (2008)
examined the motor skills-based intervention in addi-
tion to self-concept enhancing and other psychomotor
interventions. After 8 weeks of the intervention period,
children with DCD who endured a basic motor skills
program showed greater improvement in fundamental
motor skills than self-concept enhancing or psycho-
motor intervention groups. However, after a retention
perion of two month, motor proficiency a showed no
significant changes in all included groups.

Lastly, a ball-oriented intervention training was
implemented by Tsai (2009). In this study, children
with DCD were regularly trained in table tennis
in a series of 50-min sessions for 10 weeks. The results
demonstrated that the table tennis program significa-
ntly improved motor skills of the DCD-training group
over time.

Discussion

From the review, motor/movement-based interven-
tions using large muscles showed positive effects
in improving motor skills of children with DCD even
if the level of improvement was varied and some out-
come measures resulted in equivocal effect. Present
qualitative review study investigated characteristics
of the various types of fundamental and sport-specific
motor skills interventions and examined the influential
factors enhancing motor skills.

It has been generally accepted that due to the motor
deficiencies such as poor predictive control, thythmic
coordination and timing within and between limbs,
and executive function, children with DCD often stru-
ggle with participating in PA and learning new motor
skills (Wilson, Ruddock, Smits-Engelsman, Polatajko,
& Blank, 2013). As such, the low level of PA and poor
motor abilities have been manifested among children
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with DCD (Batey et al., 2014; Cairney, Hay, Faught,
Wade, et al., 2005; Straker et al., 2011).

Nevertheless, the findings of the present review
suggest that motor skills interventions focusing on
gross motor movement can be recommended to
improve motor performance of children with DCD.
Even though the required time for motor skills acqu-
isition to children with DCD is unsurprisingly higher
than TD children (Missiuna, 1994), it should be
highlighted that developmentally appropriate motor
skills interventions have high potential to reduce
disparities in motor skills development among this
population segment. In other words, it is critical to
consider various motor skill capacities and develop-
mental maturity of children with DCD when desig-
ning instructional environment (Graham, Castenada,
Hopple, Manross, & Sanders, 1992).

In review, the type of interventions was catego-
rized as task-oriented interventions, including fun-
damental motor skills and video game-based Wii Fit
training, or sport-specific interventions, including
Tackwondo and a Table tennis program. The tas-
k-oriented interventions are generally aimed at prac-
ticing specific motor skills that child struggles with.
This type of intervention has shown the largest effect
size compared to other intervention approaches (e.g.,
process-oriented and physical therapy and chemical
supplements) (Harris, Mickelson, & Zwicker, 2015)
and similar results were shown in review.

Interestingly, the video game-based interventions
in pursuit of involving preferable activities by chil-
dren with DCD were newly examined. In fact, the
impact of the Wii Fit training program on balance
has been proved in adult populations by a few studies
(Bieryla & Dold, 2013; Fung, Ho, Shaffer, Chung,
& Gomez, 2012; Nitz, Kuys, Isles, & Fu, 2010). Its
beneficial training effect was also found in balance
and overall motor performance among children with
DCD (Ferguson et al., 2013; Jelsma et al., 2014).
However, one of the findings showed an equivocal
result due to the lack of statistical significance (Fer-
guson et al., 2013). Therefore, more studies on a large
scale are needed to support the effect of Wii Fit trai-
ning on balance in children with DCD. The possible
reasoning of the Wii Fit program’s balance-enhancing
effect is because it leads players to utilize visuomo-
tor coordination and balance by reacting to constantly
changing stimuli while watching the screen (Ferguson
etal., 2013).

Tackwondo training, once a week, showed no
positive changes in reactive balance control in chil-
dren with DCD (Fong et al., 2013) while other studies
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reported the improved results in balance by participa-
ting in intervention programs 2 to 3 times per week,
depending on the study design. This finding is in line
with the relationship between frequency and training
effect; higher frequency, better effect given the inten-
sity is controlled (Delisle, Werch, Wong, Bian, & Wei-
ler, 2010; Nieuwland et al., 2000). Nonetheless, we
should interpret this finding with caution as the effect
of motor skills intervention can be influenced by
intensity and duration of intervention and other exter-
nal factors (e.g., instructor/therapist proficiency of
teaching skills, quality of the program, and parental
intervention). Still, an intervention strategy with daily
tasks for children with DCD is recommended (Harris
et al., 2015).

We found a noticeable tendency in the included
studies in which the school was uniformly set for
providing intervention even though the tasks given
to children with DCD were varied. This similarity
in the learning environment can be interpreted as the
convenience of intervention execution since monito-
ring each child at his/her home is time-consuming and
can reduce reliability of findings due to the heteroge-
neity of each individual’s home environment.

Lastly, only one study (Peens et al., 2008) measu-
red retention effect after 2 months of intervention com-
pletion, which enables researchers to reflect the sustai-
nability of changes. No further improvements were
found after the retention period in the motor skills
intervention group (Peens et al., 2008). More stu-
dies with retention tests should be further analyzed to
verify the sustainability of the effect of motor skills
interventions.

Limitations

In spite of countless published studies focused on chil-
dren with DCD, the studies based on motor skills inter-
vention with pre- and post-test design are still lacking.
Consequently, the present review study faced limitati-
ons such as low number of included studies and small
total sample size of target population, which may yield
the interpretive bias.

Included studies provided data in motor skills out-
comes and specific type of intervention with duration
and frequency. However, it is still unclear how inten-
sively the interventions were provided and how exter-
nal variables (e.g., parental intervention or quality
of instruction) were controlled.

In addition, due to the excessive level of methodo-
logical and clinical heterogeneity of interventions, it
was impossible to draw synthesized data of outcome
measures. Furthermore, since there was no effort

made to examine the relationship between improved
motor skills and other health-related outcomes among
children with DCD, it is questionable to state that
the motor skills interventions genuinely assists those
children with DCD in improving other physical, beha-
vioural, and functional outcomes.

Thus, more rigorous intervention studies with
experimental study design, investigating the relati-
onship between motor skills and daily activities, the
sustainability of changes, and the impact of the inter-
vention on other physical, health, social and emotional
outcomes should be conducted. Also, it is necessary
to specifity the clear methodology and intervention
description to provide more valid evidence-based
motor skills intervention for children with DCD.

Perspective

Various types of motor/movement-based interventi-
ons can improve motor skills in children with DCD.
In spite of the differences in duration, frequency, and
period among interventions, the majority of studies
demonstrated the promising effect in improving motor
performance of children with DCD.

Nonetheless, studies with pre- and post-test experi-
mental design in which the researchers can assess more
accurate and clearer changes in outcome measures,
are still lacking. In addition, there are limited studies
reporting the retention effect, intensity of intervention,
and relationship between motor skills and other daily
activities. Consequently, it is difficult to provide clear
guidelines for children with DCD in order to sustai-
nably improve various motor skills and other health
outcomes.

Therefore, more rigorous intervention studies are
needed to:

1. identify motor intervention best practices,

2. examine the sustainability of changes, and

3. examine the impact of the intervention

on other physical, health, social, and emotio-
nal outcomes.
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