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This paper adopts a method of narrative critical review based on a non-systematic search
of the literature to provide insights into the trends of developmental coordination disorder
(DCD) treatment and to point out some future alternative approaches to prevent secondary
health implications in children with DCD. The cause of DCD is unknown, but evidence
suggests that these children have atypical brain structure and function. Interventions to
help children cope with their activity limitations are effective in improving motor
competence and motor skill related fitness in the short term. Although activity-orientated
interventions can improve motor outcomes in children with DCD, high quality intervention
trials and evaluation of long-term effects are urgently needed. Importantly, motor coor-
dination problems associated with DCD extend to exercise-related activities leading to
reduced participation in play and sports, which causes secondary problems in muscular
fitness and body composition. Hence, treatment goals should not be limited to the
improvement of motor skills (in ADL), but should also focus on health-related quality of
life. We therefore propose when noticing motor problems in a child, already before
enrolling but also during intervention, to explore ways to adapt everyday physical activities
to optimally match the child's skill level. Hence, such activities will not only train the skills
and improve physical fitness but will lead to positive engagement, thereby preventing the
child from opting out of active play and sports. This provides the child with chances for
exercise-dependent learning and will also positively impact social-emotional well-being.
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Take home messages

with DCD.

keep children engaged and active in daily life.

e To learn a skill, children with and without motor coordination limitations, need to move and like it!
e Physical activity and fitness examination should be part of the standard assessment and treatment protocol in children

Physical activity prescription pads should be on every pediatrician's desk and should be used to prescribe activities that

Early incorporation of physical activity into their lifestyle is even more important in children with poor motor skills.

e Preparing children with neuromuscular limitations for a lifetime of health requires a solid basis of motor skills and
physical fitness.

¢ High levels of endurance are not required in the majority of games and sports for young children but power and agility are.

e Staying as close as possible to the task the child wants to learn will maximize the transfer to everyday situations (task-

oriented training).

important for the development of effective interventions.

o Adapting tasks to the child's skill level will lead to positive engagement.

e Positive meaningful feedback will give the child a feeling of success (more than telling them what went wrong).
Deficiency in motor control, coupled with a lack of engagement in physical activity, makes children with neuro-
developmental disorders prone to non-communicable diseases later in life.

Understanding the underlying basis of the co-occurring motor difficulties in neurodevelopmental disorders is critically

Developmental coordination disorder (DCD) (also known as
Specific Developmental Disorder of Motor Function (SDDMF);
ICD-10 code F82) is a neurodevelopmental condition charac-
terized by a marked impairment in the development of motor
skills or motor coordination that develops early-on and in-
terferes with an individual's activities of daily living [1]. DCD is
a common and chronic disorder resulting in considerable
consequences in daily life. Prevalence estimates of 5-6% are
most frequently quoted in the literature [2,3] but ranges in
reports between 1.4% and 19%, making it one of the more
common childhood disorders [4]. At least 2% of all individuals
with normal intelligence experience severe consequences of
motor coordination difficulties in everyday living including
academic performance, and a further 3% have a degree of
functional impairment in activities of daily living (ADL) [5].
The diagnosis of DCD requires meeting four diagnostic
criteria, including (A) impaired ability to acquire and execute
motor skills at an age-appropriate level (B) significant inter-
ference with activities of daily living, academic performance,
leisure and play (C) onset early in the developmental period
and (D) the movement difficulties are not better explained by
intellectual disability, visual impairment or other neurological
conditions affecting movement [1,6].

To better understand the neural and performance factors
that may underlie DCD, and their implications for theory and
practice, several systematic reviews of the recent research
have been conducted [1,7,8]. Although there is consensus that
DCD defines a heterogeneous group of children exhibiting
marked impairment in motor skills, no consensus about
symptoms and etiology has been established [9]. Recent re-
views of the functional magnetic resonance imaging literature
indicate that although several brain areas are unquestionably
linked to DCD (frontal lobe, parietal lobe, basal ganglia, and
cerebellum) no neural signature for DCD has yet been estab-
lished [10,11]. For instance, children with DCD have less acti-
vation of the left brain, especially areas responsible for action
observation and motor imagery (mirror neurons system) and
areas for sensory integration [11]. Based on whole-brain

resting-state examination, children with DCD also demon-
strate altered functional connectivity between the sensori-
motor network and the posterior cingulate cortex, precuneus,
and the posterior middle temporal gyrus, preventing efficient
use of action-related knowledge and thereby potentially
impairing motor learning [12]. The involvement of different
brain areas already suggests the widespread implications and
constraints on functioning in children with DCD.

Developmental Coordination Disorder (DCD) and
constraints

Most school children love to play and learn fundamental skills
easily. Practicing catching, jumping and climbing leads to
adaptations, resulting in improved performance in the
particular motor skills and in maintaining good levels of
physical fitness using these skills in active play. This way,
children become increasingly competent in skills with
increasing age and experience. As shown in Fig. 1 [13], the
emerging competency will be the result of child (e.g. weight,
age, genetic make-up and psychological characteristics),
environmental (e.g. opportunities for physical education (PE)
and sports) and task related constraints (the rules of the game,
goals of the task and the equipment used).

DCD is sometimes called a motor learning deficit, as these
children have difficulties learning to perform all kinds of
motor skills in daily life, whereas their typically developing
peers seem to acquire them almost effortlessly. Having an
adequate amount of practice is critical for producing mean-
ingful gains in motor performance during development.
Therefore, the clause in the fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) emphasizes
that the criterion “learning and execution of coordinated
motor skills is below expected level for age”, is only met in
case the child has been “given opportunities for skill learning”.
All factors impacting the performance of active play in chil-
dren can be categorized as either personal (motor skills,
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Fig. 1 Multi-component model of motor skill development and performance — adapted from Wilson et al., 2017 [13].

fitness levels, self-efficacy) or environmental factors (oppor-
tunities, safety, physical education (PE) options).

Child factors specific for DCD

There is agreement that the core deficit in children with DCD
lies in the motor competence, which in a global perspective
contemplates all forms of tasks directed to objectives that
involve coordination and control of the human body [14].
Although highly prevalent in school-aged children, DCD re-
mains underdiagnosed. Unlike a condition such as cerebral
palsy, the symptoms of DCD can be hardly visible and there-
fore overseen to impact functioning compared to other more
overt pediatric movement-related conditions. Even in high-
income countries, medical professionals have little knowl-
edge of DCD [15]. Obtaining a diagnosis and therapy is quite a
challenge for children with DCD and their families [16]. In case
a child suspected of DCD gets diagnosed, getting intervention
may be hard and many children end up on a waitlist for quite
some time. This makes these children vulnerable at different
levels of functioning. Because of their difficulties with coor-
dination of fine and gross motor skills, they are usually unable
to successfully participate in school, sports and leisure games,
which often leads to exclusion, teasing, or even bullying [17].
Negative reactions from peers may lead to withdrawal from
arts and craft activities, sports and games, which in turn again
impacts their motor competence and social acceptance,
eventually causing a vicious circle of avoiding participation in
motor activities [18] (Fig. 2). As a consequence, the primary

motor disorder in these children has far-reaching conse-
quences at a psychological level, as all these factors may
contribute to the development of internalizing symptoms as
anxiety and depression [18].

Children with high levels of motor competence tend to have
a higher engagement in physical activities and better physical
fitness, both cardiovascular and muscular [19]. Due to their
participation avoidance, children (who may be clinically diag-
nosed) with DCD show diminished physical activity levels and
fitness compared to their well-coordinated peers, and are
therefore at a higher risk of developing a range of poor health
outcomes such as metabolic, cardiovascular and musculo-
skeletal diseases [20,21]. They may also be at risk of low bone
mineral density (BMD) because they have difficulties with the
acquisition and execution of many basic movement skills such
as running, jumping and hopping. These skills are well recog-
nized as ideal for improving and developing BMD from early
childhood into adulthood through interactions between muscle
and bone [20]. Some scientists are currently defending the
concept of “Exercise Deficit Disorder” (EDD), which is used to
describe a condition characterized by reduced levels of regular
physical activity (<60 min of daily moderate-to-vigorous phys-
ical activity, MVPA) that are recommended because of their
association with positive health outcomes [22]. This highlights
the need for the awareness of EDD in order to prevent it during
childhood [23], a phenomenon that may also be applicable to
many children with neurodevelopmental disorders.

Furthermore, DCD is often accompanied by other medical
conditions such as Attention Deficit Hyperactivity Disorder
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Fig. 2 Vicious circle of DCD - The solid black lines depict the primary problems and their consequences; the dotted lines
represent the secondary problems. Apart from the motor difficulties (black text), children with DCD may also experience social-
emotional and psychological consequences (orange text). The impairments in motor coordination, postural control and
balance, executive functioning and visuospatial memory result in difficulties with gross and fine motor skills needed for
participation. Due to their clumsiness, children with DCD will be less accepted by peers, which may lead to exclusion, teasing
and even bullying, potentially causing participation avoidance or withdrawal. Once children move less, they will have less
opportunities for learning skills and their motor impairments, ADL difficulties and feelings of exclusion will become more
pronounced. Additionally, they may develop secondary problems due to lack of movement, such as decreased muscular fitness,
bone mineral density and could even develop exercise deficit disorder and/or dynapenia. Along these additional motor
problems, their psychological well-being can be affected, amplifying the negative effects on movement.

(ADHD, co-occurrence: > 50%), Specific Language Impairment
(co-occurrence: < 70%), Autism Spectrum Disorder (ASD, co-
occurrence: < 70%) and other cognitive impairments such as
visuospatial short-term and working memory deficits [1].
Strong evidence indicates that DCD is associated with
emotional, social and learning disorders [24]. However, it is
often difficult to determine whether behavioral problems are
coexisting disorders or long-term consequences of negative
social experiences due to poor motor competence [1].

Importantly, different neurodevelopmental disorders may
exhibit shared symptoms and substantial epidemiological
comorbidity. Although, not included in the diagnostic criteria
for ASD or ADHD, motor deficits are common characteristics
in these children. Difficulty in performing age-appropriate
motor skills affects up to 83% of the children with ASD
[25,26] and 50% of the children with ADHD [27]. Given their
motor restrictions, children with neurodevelopmental diffi-
culties have reduced levels of sports participation and typi-
cally have decreased fitness, which often prevents them from
participating with their peers, thereby indirectly reducing
opportunities to develop age-appropriate communication,
social, and behavioral skills [28] and places them at risk for
secondary health problems (i.e. low cardiorespiratory fitness
and overweight) [29].

Environmental factors

Not only are the emerging activities of daily living dependent
on the child's characteristics (intrinsic), they are also highly
dependent upon the environment. Environmental constraints
are features related to the physical environment like the
weather or to the sociocultural factors, such as family, school
context and cultural expectations (religion, gender, local sport

tradition) [30]. Facilitating physical environmental constraints
include the parks, backyards, empty spaces and alleyways
that provide the backdrop for active play and early sport ex-
periences of many children. Various researchers report that
socioeconomic influences play a significant role in obtaining
movement proficiency and physical fitness. An environment
poor in resources (play areas, membership fees for sports
clubs, safety) or that lacks stimulating factors (parents, sib-
lings, PE classes, only focus on academic outcomes) is
considered to hamper motor development [31]. Children in
disadvantaged circumstances have fewer chances of partici-
pating in organized physical activity and sports, which im-
pedes the development of fundamental movement skills and
physical fitness. Research also showed that fundamental
motor skills proficiency generally increases with increasing
socioeconomic conditions [32,33]. Furthermore, each context
places specific demands on the motor competencies and
physical activities of infants and children. The quality of living
conditions, the family size or number of siblings and overall
socioeconomic circumstances are potentially important fac-
tors to take under consideration [34]. Thus, environmental
factors are crucial for developing motor competence and
physical fitness in children, especially those with DCD.

Task constraints

Task constraints consist of modifiable features related to the
task or activity itself like the tools used, temporal and spatial
limits for success. For example, in ball skills, numerous con-
straints, such as ball size, bouncing properties, speed, trajec-
tory, distance, and height of interception point, can make the
catching task simple or complex. When starting with ball
skills a soft, medium sized ball can be more efficient for
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dodgeball or aiming at a lowered basketball hoop will build up
more self-confidence. Consequently, optimal matching be-
tween a child's skill level and the challenge posed by an ac-
tivity will lead to positive engagement. This may be one of the
factors why children with DCD opt out of active play and
sport. If we can keep their skill level matched with the level of
task requirements in PE, sports and active games, they will
have positive experiences and opportunities to keep learning
and improving their skills. Rehabilitation research has shown
that task context can be a great and important factor in
improving motor performance in individuals with movement
disorders [35]. If we can help children to move more compe-
tently, they will be more engaged in physical activity and more
likely remain physically active into adulthood [36,37].

Assessment and treatment in children with DCD

While the motor difficulties of children with DCD may appear
to be less debilitating than those experienced by children with
severe physical disabilities, it is the high prevalence of DCD,
and its impact on children's social-emotional well-being and
future health status, that makes DCD a significant condition in
need of appropriate intervention.

Overall, DCD has long been an under-researched neuro-
developmental disorder, especially in non-Western countries
and in low- and middle-income countries, but recent research
in these areas has grown substantially [33,38,39]. Further-
more, the publication of a set of international clinical practice
recommendations for professionals working with individuals
with DCD [1] has highlighted the importance of multidisci-
plinary research. Blank and colleagues (2019) made efforts to
improve the identification, diagnosis and delivery of evidence-
based interventions for children with DCD by composing a
clinical practice guideline. However, more extensive imple-
mentation of the diagnostic guidelines into clinical practice is
still needed [1]. Moreover, implementation will be different
per country, given the diversity of opportunities and priorities
[40,41]. Two accompanying reviews for these recommenda-
tions concerned the exploration of mechanisms underpinning
the motor coordination difficulties [8] and evaluation of the
efficacy of intervention for individuals with DCD [7].

Assessment

Current knowledge

To enable effective identification and management of children
with DCD, the appropriate assessment and intervention
should be undertaken. Consequently, movement coaches (or
therapists) need to identify those tasks that require
improvement and use these tasks in their intervention plan-
ning. As in many areas of developmental disabilities, there is
no gold standard for assessing DCD, so not surprisingly, a
significant number of studies have explored the concurrent
validity of different tests of motor proficiency and impaired
coordination for identifying children with this condition and
to plan treatment [42]. Moreover, most tests are only validated
and normed for Western countries (mainly USA and UK) and
not specifically developed for other cultures [7,43—45]. As
mentioned before, a child's movement skills are determined

by how well the child utilizes his/her personal attributes and
information about the environment and task demands to
create the desired movement outcomes. However, this is not
the way the most frequently used tests are currently
developed.

To objectify the age-inappropriate motor competency in
children with DCD (criterion A), the Movement Assessment
Battery for Children, 2nd edition (MABC-2) and
Bruininks—Oseretsky Test for Motor Proficiency, 2nd edition
(BOT-2) are often applied in research and clinical practice
[1,46,47]. Both tests are psychometrically sound to determine
the level of motor performance [48]. For the MABC-2, norms
were established by the developers in the United Kingdom and
cross-culturally validated with own norms in the Netherlands
and Flanders (Belgium), China and Brazil [49-51]. The de-
velopers of the BOT-2 also established norms in the United
States and a cross-cultural validation was done in Turkey,
Brazil and Germany [52—-54]. Some test items in both tests
come close to everyday tasks, but they give less information
about the adaptability to changing task demands and the
critical skill level the child can master [48]. Adaptation of
existing behaviors to a changing or new performance context
involves the process of skill transfer [55—57], which is known
to be difficult for children with DCD. Recently, a new psy-
chometrically sound motor scale was developed, the PERFor-
mance and FITness (PERF-FIT) test battery [58—60]. The PERF-
FIT provides an integrated way to evaluate increasing levels of
fundamental motor skills and muscular-fitness that has
cross-cultural applicability. This instrument was specifically
developed for low-resourced areas, lacking the means to
purchase expensive test equipment.

The diagnostic process for children with suspect of DCD is
depicted in Fig. 3. To establish whether the motor skill diffi-
culties presented by the child also impact its daily functioning
(criterion B), several measurement tools can be applied: the
MABC-checklist, the DCD questionnaire (DCD-Q) and the
DCD-Daily. The MABC-checklist and DCD-Q are both parental
questionnaires gauging the difficulties with daily activities.
The MABC-checklist has poor sensitivity (41%) and fairly good
specificity (88%) [61], whereas overall sensitivity and speci-
ficity of the DCD-Q are good (85% and 71%, respectively) [62],
indicating such questionnaires are mainly useful in children
referred for diagnostic assessment and not for general
screening purposes. The DCD-Q has been the most widely
researched and used in many countries around the world
[62—67].

The DCD-Daily consists of a questionnaire, which covers
domains of ADL that are relevant for children (“self-care and
self-maintenance,” “productivity and school” and “leisure and
play”) and a standardized performance measure that com-
prises 18 short tasks covering the domains of selfcare (feeding,
dressing), school (writing, crafts, coloring, cutting) and play
(hopping). Both sensitivity and specificity of the DCD-daily are
good (both 80%) [68]. The instrument is currently under study
for use in other cultures.

Early signs of motor difficulties (Criterion C) are usually
mapped during anamnesis and if any signs of other medical
conditions such as neurological disorders or intellectual dis-
abilities come up during the history taking or observation
(Criterion D) a multi-disciplinary approach is required.
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Fig. 3 Flowchart for the diagnosis of DCD using DSM-5 criteria — adapted from Smits-Engelsman et al., 2015 [47].

Standardized tests are needed to enable diagnosis
(confirm criterion A) and identification of impaired motor
domains, but may not be very helpful for treatment plan-
ning. In contrast to standardized tests, task performance
analysis, which comprises an activity-oriented assessment,
will reveal the specific difficulties a child encounters in his/
her everyday context. These assessment approaches focus
on the analysis of performance (of skills that keep children
engaged and active in daily life) and incorporate loading
and unloading aspects of skills (tasks) and contextual fac-
tors that can influence behavior. Information gained during
task performance analysis can be used to shape the
treatment.

Future implications
To meet the criteria for DCD, the DSM-5 states that children
should have had the opportunity for learning and using the

skills they are showing problems with. As motor development
occurs in a specific social context, the environment in which a
child is reared is important. However, if motor skill execution
in tests is normed for a certain population, it is by definition
based on the performance level of age- and gender matched
peers in that specific cultural environment. This would mean
that every motor skill norm-referenced test should have
culturally adapted norms. An important other implication is
that, these commonly used assessment batteries provide only
a limited view of the overall movement competence of chil-
dren. Moreover, the question remains whether the “average”
South African, Chinese, Australian, American or European
child exits. Many societies have large diversity within their
citizens. Hence, assessment of motor tasks should not be
isolated from their functional context because spontaneous
exploration of possibilities for actions is necessary to accom-
plish a goal-directed activity [69].
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Assessing motor skills outside a functional context, can
lead to either an over- or under-estimated DCD prevalence,
reflecting only the number of children who performed poorly
on standardized motor assessment tools rather than the
actual number of children who experience difficulties in daily
living and have limited ability to participate in physical ac-
tivity in their society due to their motor coordination de-
ficiencies. To obtain a more holistic picture of the movement
competencies of children, future clinical studies should
examine both every day motor tasks used in that society
(using cutlery, getting dressed, catching a ball during a game
played during recess), and fitness related skills (running, stair
walking, carrying a box with tools, jumping rope, forms of
active transportation) because active children become active
adults.

Motor skill related fitness is a modifiable risk factor for
physical inactivity and overweight, meaning that monitoring
fitness and muscle strength is of considerable importance for
prevention, but it requires validated tests or specialized
equipment to follow up on the child's performance level.
Consequently, physical fitness is rarely measured in pop-
ulations with a lower socioeconomic background due to time,
budget, and logistic limitations. An alternative to objective
testing is to use self-rated measures obtained from question-
naires. However, little is known on the precision of the self-
rated physical fitness levels in children and existing evidence
is hampered by cultural bias towards Western communities.
Fortunately, some reliable field-based tests for both aerobic and
anaerobic capacity, and functional strength and agility are
available that could also be used during the assessment of
children with DCD [70]. However, studies on what these fitness
tests are measuring in children with DCD are needed because
the development of motor competence and physical fitness are
linked directly via neuromuscular function [14], and the two
components are hard to separate [31,71].

Recently, more apps measuring jump distance or height,
balance sway, running and bike trajectories, or fine motor
skills became available, which can assist in having more
regular updates on the child's level of performance. It is even
better if these objective measurements are built-in in games
with stimulating goal setting linked to some kind of reward
system.

Children with DCD experience significant activity limita-
tions that are associated with impairments in the develop-
ment of fundamental movement skills and postural control or
balance. The control of posture limitations in children with
DCD has been widely described and summarized in the liter-
ature [72]. However, the frameworks used to subdivide
postural control have been diverse, e.g. static versus dynamic
balance or anticipatory versus reactive control. In order to
improve consistency in the approach to assessment and
treatment, Dewar and colleagues (2017) proposed an over-
arching construct of postural control and its elements to be
used in cerebral palsy [73,74]. This construct defines stability
limits and verticality, anticipatory postural adjustments,
reactive postural responses, sensory orientation and stability
in gait [74]. Such an approach could be valuable to apply in
children with DCD as well.

Due to participation avoiding behavior, health-related
quality of life (HRQoL) is an important aspect of overall

assessment, including screening of mental health, emotional
and behavioral problems [75,76]. Improvement of HRQoL
should be included as one of the treatment outcomes assessed
in addition to the core aspects of a developmental disorder
[77]. Eventually with coaching or treatment we want to lessen
the impact of the disorder on well-being and daily func-
tioning. An effective intervention induces improvements of
the core symptoms of a disorder but also diminishes its
impact on daily activity and future life. Furthermore, these
children need to experience success in movement-related
practical life skills, highlighting the need for the identifica-
tion of protective factors when developing intervention pro-
grams. Positive self-perception, positive parenting, positive
feedback from teachers and coaches, positive peer relation-
ships and social acceptance, good social communication
skills, and absence of bullying will make them more resilient.

In summary, the activity-oriented assessment approach
will focus on the measurement of performance of skills that
keep children engaged and active in daily life and that in-
corporates loading and unloading aspects of skills/tasks and
looks at contextual factors that can influence behavior. DCD
does not only manifest itself on motor coordination diffi-
culties, it has a widespread impact on different domains of
functioning such as the cognitive, language, and social-
emotional domains, which creates a challenge for good
assessment [78]. Therefore, if indicated, a multidisciplinary
approach is needed to disentangle primary and secondary
underlying factors in children with DCD to understand the
practical implications [75,79].

Interventions

Current knowledge

The ultimate goal of intervention in children with DCD is to
lessen the impact of the disorder on well-being and daily
functioning. Therefore, clinicians should prescribe in-
terventions that are most likely to produce the greatest
improvement in motor outcomes. Significant effort from
many perspectives and disciplines has been made to develop
interventions that remediate motor impairments and alle-
viate the associated problems in DCD. A wide variety of in-
terventions is used to support children with DCD. For the
purpose of this paper, we will focus on neurorehabilitation or
motor-based studies, i.e. occupational and physical therapy,
and physical education-based interventions. Such in-
terventions can be grouped based on the International Clas-
sification of Functioning, Disability and Health for children
and youth (ICF-CY) [80] level they are tackling (Table 1).

The simplest summary of the literature is that there is
evidence to support the idea that what is trained will improve;
pointing to an advantage for activity- or task-oriented training
(like Cognitive-Orientation to Occupational Performance (CO-
OP), Neuromotor Task Training (NTT)) because by definition
these approaches stay as close as possible to the activities that
need improvement [1,44,45,81]. Impairment oriented ap-
proaches focus on reducing impairments. However, these
improvement do not necessarily transfer into improvements
of daily activities and participation, and are therefore not
recommended in isolation [1,82]. A task-oriented approach
allows us to help children with DCD overcome activity
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Table 1 Intervention approaches for children with DCD.

1. Impairment oriented interventions

Goal: improvement of body functions and prevention of significant deviation or loss body function or structure, considering developmental

risks.
2. Activity oriented approaches

Goal: Improvement of the execution of a task or action. Removing the activity limitations that an individual may have in executing activities,
considering the task and context specificity. The training situation is similar to the common encountered constraints and environment where

the activity has to be performed after the intervention.
3. Participation oriented approaches

Goal: Improvement in the child's involvement in a real-life situation. Removing restrictions that individual may experience in involvement in
life situations, considering the environmental factors of the physical, social and attitudinal environment in which the child lives. To ensure
transfer of the new activity abilities to the real-life situation, active involvement of the child, parents and/or teachers is needed.

limitations and participation restrictions by practicing real-
life activities with the intention of acquiring a skill, instead
of focusing on the underlying deficits. Although there is evi-
dence that interventions aimed at improving motor capacity
are beneficial for children with DCD on the short run, long-
term studies are lacking [45,81,83]. Moreover, no hard evi-
dence is currently available verifying that one task-oriented
approach should be preferred over another in children with
DCD. Based on the best available research evidence, Preston
and colleagues (2017), concluded that the most effective
motor-based interventions had some features in common: a
task-oriented approach was a key feature and even when in-
terventions were group-based, they were tailored to the indi-
vidual needs and particular interests of the children [44].
Consequently, therapists and coaches should identify those
tasks that need improvement, and use these tasks in the
training program and as a part of the objective evaluation of
the efficacy of the training program [84]. For each child there
should be a balance between the skill capacity and the skill
level of the tasks. However, in children with negative experi-
ence, the balance between skill level and challenge of the task
is even more critical. Although many intervention studies
took place in schools, evaluation of adapted PE for children
with motor impairments is still lacking in literature [85].
Bonney [86—88], Neto [89] and Jelsma [90] have shown in three
different countries that children with DCD may improve their
motor performance (like dynamic balance) by playing active
video games (AVG) during school hours. Ferguson and co-
workers (2015) have shown that a school-based health pro-
motion plan that focuses on increasing opportunities for
physical activity may be effective in improving motor perfor-
mance in children with DCD and can increase fitness levels in
general [31].

In individuals with DCD the acquisition of basic fine and
gross motor skills is the primary focus. Although DCD is
defined as a deficit in skill acquisition, few studies have
addressed the process of motor learning. There is no doubt
that children with DCD show poor motor skills, which may
indicate less effective learning. However, the literature is not
ubiquitous that a motor learning deficit causes the low motor
performance. Children with DCD benefit from practicing
motor skills, still their performance lags that of their peers.
Hence, it is not clear if their motor learning is impaired and if
so, which aspect of learning (which learning phase and which
aspects of the learning process: performance, consolidation,
retention, near or far transfer) is affected. What we do know is

that training in DCD does lead to gains in motor performance,
which seems to suggest they are able to learn new skills [91].
Consolidation, retention, and transfer of motor learning have
been studied less often in DCD [86,88,92], and need to be
investigated in future research. Moreover, studies comparing
intervention effects and motor learning differences in chil-
dren with comorbidity or co-occurring neurodevelopmental
disorders are virtually lacking.

How to apply effective treatment in children with DCD. Given
the large number of ways to help children with DCD and their
families, we will discuss one example of a task-oriented
approach (NTT) and one example of an adjunct intervention
(Virtual Reality (VR)), since we have studied those.

Activity-oriented approach. One of the recommended
activity-oriented approaches is NTT [1,44], specifically devel-
oped for children with DCD to facilitate participation [7]. Ac-
tivity in this context is defined as the execution of a task or
action by an individual (ICF-CY) [80]. NTT is based on motor
control and motor learning principles but also takes motor
teaching and motivation principles into account. Treatment of
children with DCD must be based on an understanding of the
functional nature of the limitations. Interventions may then
be tailored to the unique combination of symptoms and
problems exhibited by the child. Within the NTT therapy
framework, the child's needs, i.e. the specific activity prob-
lems the child has, are analyzed and then the factors within
the environment-task-child that contribute to these problems
are determined. This is called the constraint or task analysis.
Each activity or task has a specific goal that involves physical
movement (e.g., rope skipping, free-throw shooting in
basketball, walking on stepping stones, tying shoelaces,
writing neatly, etc.) and is normally learned and refined with
practice. Insight into the task constraints of an activity is
required for the therapist to load the different task demands.
In the task performance analysis, attention is given to the
specific components of the task, identifying the task demands
and difficulties that are present in the individual child's per-
formance of that task. This is done for example by varying the
demands of the task (i.e. task (un)loading) or the environment
and observing its effect on the child's movement performance
and outcome. To make a task more difficult or easier, three
principles can be applied: changing task requirements,
decreasing or increasing workload and subdividing or linking
activities. Changing task requirements refers to adapting
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factors by which the coordination demands get easier or
harder, i.e. spatial (distance, direction, precision) and tempo-
ral features (timing, tempo, decision time, duration).
Increasing workload means that the task is adapted so it in-
creases or decreases strength, fitness and speed. By increasing
the workload, the task-oriented approach integrates with as-
pects of an impairment-oriented approach (strengthening or
improving anaerobic capacity) however within the specific
task context. If the task is combined with other tasks, then
linking has been applied. Linking refers to the coupling of at
least two skills that can be performed separately. Linking can
be parallel (dual task) or serial (dribble the ball then shoot).

Virtual reality and physical activity. Although playing
outside with other children will have many benefits besides
being physically active, this may not always be possible due to
circumstances, such as: safety, air pollution, lack of parks, sport
facilities and playgrounds, and lack of supervision. Given this
fact, new technologies may help to keep the children motivated
for the practice of physical activity [93—96] and also play with
other children over the internet. AVG could offer movement
experience comparable to playing outside [95,96]. The games
are very entertaining leading to longer times on task. If children
truly like to engage with AVG, this may open doors to social
(multiplayer games) activities using these new technologies.
This way AVG can potentially provide rich exercise environ-
ments that entice participants to work longer, harder, and more
often because it is fun and may help in solving some of the
motor control problems. Tasks practiced within virtual envi-
ronments may enhance motor skill learning through the inte-
gration of multiple sensory processes such as proprioceptive,
visual, auditory, and vestibular information with the engage-
ment of cognitive processes. Feedback given by AVG is not
experienced as negative, maybe because it is not given to the
child but to its Avatar or in another universe. Representation on
the screen of each body response may help improve speed and
anticipation in agility and balance tasks. Children watch the
Avatar carefully and get immediate, safe feedback, something
that is not always the case during life intervention or training.
We tend to explain to the child what (s)he did wrong (“You
didn't make your arms swing when you jumped”) and put less
emphasis what went well (“You reached for the sky with your
hands in this great jump”). Giving meaningful positive feedback
is one of the most important abilities that a therapist of
movement coach should possess.

The results regarding the effectiveness of the application of
AVG in intervention are promising [7]. The evidence of the
effectiveness of AVG in children in terms of motor learning
(retention, transfer, generalization to real-world situations) is
still in its early stages. One reason to expect that training in
virtual reality (VR) supports motor learning is that the
performer must resolve differences between sensory signals,
thereby requiring active error correction [97]. Sensory feed-
back linked to the actual task performance may generate
more accurate repetition than indirect verbal or visual rein-
forcement given by a therapist. Motor learning is not only
experience-dependent and feedback-related but also largely
dependent on the type and intensity of practice as well as on
the environmental context in which practice occurs [98].
Despite the caveats related to the validity of movements made

in different VR environments, some studies in typically
developing children and children with DCD suggest that
movements acquired through practice in AVG may transfer to
meaningful real-world function. The AVG systems combine
gaming and physical activity, via digital platforms (e.g., con-
soles, wearables, smartphone apps, VR glasses) and are
plausible alternative strategies to encourage physical activity
participation [93]. Thus, even if the motor patterns learned in
a soccer or tennis game would not transfer to better hitting or
kicking a ball in the real world, children still perceive these
activities as fun [90] and like to keep doing them which also
limits their sedentary time and may improve their anaerobic
fitness [87] and dynamic balance [90].

Comorbidity in DCD and motor problems in children with other
developmental disorders. As mentioned above, physical activ-
ity promotes the development of motor skill competence in
children with neurodevelopmental disorders. One under-
studied aspect to be considered is health-related physical
fitness when children are primarily referred for behavioral or
emotional problems. Also, in these children, even without
meeting all the criteria for DCD, motor impairment can be a
barrier to sports participation; the child cannot keep up with
their peers, in turn reducing motivation to continue, which
may additionally affect these children with comorbidity so-
cially and emotionally. This emphasizes the need for in-
terventions to promote optimal motor skills as well as overall
fitness for these groups.

Importantly, teaching a group of children with mixed levels
of — motor and social-skills requires specific expertise among
trainers and physical educators. Appropriately differentiating
for various motor skill levels within the normal spread of motor
development is a core competency for PE teachers and pro-
fessional sports coaches. However, they may not be trained
sufficiently at the lower motor skills levels seen in children with
DCD and in the specific didactics needed for children with
motor disabilities. This is especially the case if combined with
emotional, behavioral and social challenges. If the level of
motor skill is really low, individual or small group intervention
may be needed at the start. Later the movement coach (e.g.
pediatric physical therapist, special physical educator) will
facilitate the transition from training adapted for children with
motor difficulties to more mainstream sports participation, by
preparing them for competition elements and social interac-
tion [99]. Community sport centers may be the place where
children can maintain appropriate levels of physical activity
and physical fitness. This is essential in developing healthy
lifestyles and providing a setting for families of children with
and without motor disorders to engage in recreation together
and to develop friendships among families [99].

Future implications

Clearly, effective training approaches exist and can be applied
in clinical practice [1,7,44]. Unfortunately, before children who
are suspected of having DCD are actually being treated, they
often have to wait quite some time before being diagnosed due
to the general unawareness of the disorder in pediatric care-
givers or the waitlists in centers for diagnosing developmental
disorders. Also, once they find their way to treatment, not all
therapists are fully familiar with activity- or task-oriented
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approaches, which then may lead to limited or absent prog-
ress in motor performance and therapy goal achievement.
The longer the child has to wait before adequate treatment
can be commenced, the higher the chance of opting out of
gross and fine motor activities and avoiding participation with
a vicious circle of primary and the development of secondary
physical, social and emotional malfunctioning as a result
(Fig. 2). In this section, we will therefore discuss the need for
critical assessment of treatment efficacy, when children with
(suspected) DCD find their way to a therapist. Finally, we will
share our view on secondary prevention as it seems that,
despite our good intentions, we are often being too late and
are doing too little for children with DCD.

Setting treatment goals and tracking treatment success. When
a child and his/her parents have applied for treatment,

treatment goals will set in consultation with the child, parents
and environment. Next, the training takes places according to
an activity- or task-oriented approach (Fig. 4). Once the
training has started, the progress should be assessed together
with child, parents and environment and the effectiveness of
the treatment should be tracked carefully and objectively
measured. New media (apps, smart watches, activity trackers)
can be used as additional measures of skills and activities and
also as motivators. If the child shows progression in motor
functioning and the goals are met, actions should be put in
place to watch and monitor the transfer of the newly gained
skills to everyday life. When the child shows progression in
motor functioning, and the goals are not yet met, continuation
of treatment is in order and evaluated again after the second
treatment series. However, if progress in motor functionin is
limited or absent, either the goals and/or the treatment

Child referred to therapist for help with activities and participation

Goal setting in consultation with child, parents and environment (school, sport,
physical educator)

Treatment according to the task-oriented learning and training principles

Systematic evaluation (goals and objective outcomes) in consultation with child,
parents and environment after 3 to 6 months

Progress in general motor functioning

Goals notmet yet
(but good

progress)

Goals met

Continue
treatment and if
needed adapt
strategy

Objective assessment

No or limited progress in general motor
functioning (goals not met)

Consider referring
for Adapt goals and
multidisciplinary || treatment strategy
examination

No other medical
condition

Other medical
condition

Specific treatment
for other condition

Fig. 4 Treatment process with potential steps to be taken by the treating therapist.
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strategy should to be adapted or referral for a multidisci-
plinary examination considered. When multidisciplinary ex-
amination does not reveal any other condition that can
explain the poor motor performance (e.g. neurological or other
comorbid disorder), the goals and intervention strategy
require adaptation. If another underlying condition is present,
those specific treatment protocols should be followed.

Prevention is key to avoid doing “too little” and being “too
late”. Early childhood is a critical time for the development
of fundamental movement skills, which are considered the
building blocks of more complex movements and a key
factor in promoting lifelong active lifestyles and health
[100]. Hence, merely focusing intervention on improvement
of fundamental movements, like included in the standard-
ized motor performance tests, means we will do too little to
help children with DCD on the long term. Thus, the inte-
gration of both health- and skill-related components of
physical fitness into physical activity promotion is specif-
ically important in this group of children and should not be
overlooked [101].

Motor delays and difficulties in children with DCD are
typically observed early in life but children are usually diag-
nosed between 5 and 7 years. The international guideline
recommended not labeling children under the age of 5
because the lack of stability of DCD diagnosis at early ages [1].
But shouldn't we be stimulating motor development earlier
and focus on young children? Not diagnosing, but helping
parents and teachers who feel disheartened by the unrelent-
ing encouragement required by the children with and at risk
for DCD. If motor performance is lower, children need more
and not less physical activity experience. By focusing on their
strengths (e.g., activities they can do) instead of their weaker
points (e.g., their motor problems), children will manage to
preserve a more positive self-image [77]. Goals should be
realistic, and divided into smaller steps but still aiming for the
child to reach his/her full potential. Supporting the child in
day-to-day tasks takes up a lot of time (mostly of the mother)
and a support systems (father, grandparent, siblings, clubs, PE
teacher, coaches) will help to find time and ways to keep the
child moving and enjoying the games or active transportation
it has mastered [102].

Children with DCD spend less time participating in recre-
ational physical activities and may experience lower physical
fitness than children without DCD [103]. Low levels of
muscular fitness, i.e. muscular strength, muscular power and
muscular endurance, in children are associated with poor
motor competence, functional limitations and adverse health
outcomes [104,105]. Children who do not develop the prereq-
uisite motor skills early in life may not develop the motor skill
repertoire and perceived confidence to meet recommenda-
tions for daily levels of MVPA [106,107]. Thus, it is clear that
motor competence plays an important role in growth, devel-
opment, and opens up opportunities that lead to a physically
active lifestyle, in which prevention and non-structured
intervention (activity prescription) are key. Importantly, out-
door play and sport-like games in young children are char-
acterized by short periods of intensive physical activity,
interspersed with short periods of reduced or less intensive
activity. Both motor skills and anaerobic capacity are of

importance in these short burst activities. High levels of
endurance are not required in the majority of games and
sports for young children but power and agility are [108]. By
giving these children the right environment and tasks to
experience the fun of moving, they have opportunities to
practice and learn motor skills. Experiencing movement as a
fun activity, will then encourage them to move more
frequently and maybe even more intensively. Feeling more
competent will motivate children with motor coordination
problems to participate in a variety of physical activities
without the stress of embarrassment and instead with feel-
ings of perceived motor competence. Furthermore, partici-
pating in active play is an option for making friends. Raz-
Silbiger and colleagues (2015) indeed showed that children
with DCD who participated more in vigorous physical activ-
ities had higher parent-rated HRQoL in the social domain than
children who participated less in vigorous activities [109]. So,
we may conclude that treatment of DCD may not just be a
matter of practicing motor skills but also of creating an envi-
ronment in which children can engage in activities and learn
to detect and correct their motor performance [77]. Further-
more, it allows children to adopt an active life style, which is
known to correspond with positive health outcomes and with
smaller increases in weight and adiposity during childhood
and adolescence.

Given the importance of a stimulating environment,
natural play spaces should also provide for more diverse
forms of play for children of varying ages and competencies.
Parents need to see the importance of active play (not as a
waste of academic time) and it should not be a safety haz-
ard. Public parks, playgrounds, community centers, walking
trails/hiking areas, all can provide a variety of opportunities
to practice movement skills. Safe environments (physically
and psychologically) where the children can be active and
keep practicing, need to be part of the overall approach.
Important factors may be to create a support system, which
encourages children to stay active over time. Research has
shown that, to be effective, physical activity interventions
need to be embedded in pediatric health care by practi-
tioners, stakeholders, and policy makers [110,111]. Move-
ment coaches and pediatricians can be advocates, but they
are usually not experts in politics. However, we do have an
obesity- and inactivity pandemic [111], which will not reside
by itself. Hence, we need community engagement that
strives for inclusive, accessible, and walkable/bikeable
communities. Children intrinsically want to move if we give
them the right environment and support. For children with
neurodevelopmental disabilities, inclusive active play and
transportation is even more important. For them (and all
other children with health risks) we need to create a public
realm with as many safe movement affordances as possible.
Thus, communities and government need to ensure safety
within these public environments and they have an
important role to play in advertising the importance of
physical activity in children and youth. True safety begins
with designing our streets to prioritize safe and accessible
active transportation, thereby allowing physical activity as
part of daily life. These are huge challenges for communities
to engage in implementing ideas on active living and
mobility [112].
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Prospective

Children with motor problems (at risk for DCD) and their family
need support, also in the early stages, even before the child is
diagnosed. Given that children with poor motor skills need
more practice time and that motor skill proficiency is an
important predictor of future physical activity, maximal affor-
dances for safe and fun movement experiences should be made
available taking into account the child, task and environmental
constraints. Once enrolled in intervention, the main focus
should be on improving meaningful activities and to facilitate
participation. Prevention of activity-avoiding behavior of chil-
dren with DCD and improvement of health-related quality of
life is an important aspect of assessment and intervention.
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