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Abstract

Purpose of the Review This paper examines physical and emotional coherence in young people with developmental coordination
disorder (DCD). Specifically, the transactional relationship between motor and non-motor/executive dysfunction in children with
DCD and its impact on psychosocial functioning is explored.

Recent Findings This paper integrates the subjective reported experiences of young people with DCD with objective measure-
ments and findings from neuroimaging studies.

Summary Consideration of the transactional relationship between the person, the activity and the environment, whether these
factors be physical, social, attitudinal or virtual, will be fundamental to our understanding of the mechanisms underpinning
organisational and emotional issues presenting in DCD. Integrating the experiences of young people with research evidence will

be essential to improve outcomes for young people with DCD in clinical practice.
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Introduction

Children with movement difficulties that impact on functional
skills, specifically activities and participation involving motor
skills, are categorised as having Developmental Coordination
Disorder (DCD) when these difficulties cannot be attributed to
age, intellectual disability, experience or known neurological
disorder [1]. The diagnosis of DCD has emerged more recent-
ly from previous labels, some of which have been subsumed
under this overarching term to include concepts of motor
learning, motor memory and motor planning.

In this latter respect, the terms dyspraxia or developmental
dyspraxia have been used at times synonymously or inter-
changeably with DCD to capture the phenomenon of
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‘organisation of movement’ which involves the process of
forming ideas, motor planning and movement execution that
can be observed in DCD. More recently the term ‘dyspraxia’
has become associated with other neurodevelopmental disor-
ders especially autism spectrum disorder, and linked to gesture
production [2—5]. While an International Consensus for the
management of DCD does not recommend this term as it
recognises it is not equivalent to DCD, individuals with the
condition prefer to use the label of dyspraxia to define their
condition or describe themselves [6-8]. Many children and
young people nevertheless present with functional difficulties
that reflect problems in organisation of behaviour and actions
which at face value are not predominately motoric in nature,
e.g. organisation of materials on a desktop to prevent them
from falling to the floor. These organisational difficulties can
impact more on day to day life over time than poor motor
coordination.

Additionally, co-occurring mental health difficulties have
been identified in people with DCD including internalising
problems such as depression and anxiety and externalising
behaviours such as Attention Deficit Hyperactivity Disorder
and also social impairments [9—11]. These psychosocial prob-
lems may persist into adulthood and have significant impacts
on adaptive behaviour and mental health outcomes [12—14].
What remains unclear is the extent to which psychosocial
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issues in DCD are integral features or experiential conse-
quences of a person’s coordination and associated difficulties.

This paper will therefore examine physical and emotional
coherence in DCD, including the relationship between think-
ing, planning, doing and feeling in DCD. New findings re-
garding executive functions and emotional regulation will be
examined, with a focus on the transactional influences of per-
sonal, contextual and task-specific factors on behaviour and
participation. Examples drawn from a recent qualitative study
with teenagers with DCD will be used to contextualise the
findings.

Presentation of Organisational Deficits

Consideration of DCD as more than just a movement difficul-
ty has been evidenced by a number of researchers [15]. The
advent of more ecologically valid assessments reflecting ‘real-
life’ contexts has highlighted the broader deficits and impact
of movement problems of individuals with DCD. In this re-
spect, poor organisation of body movements in relation to
space has been shown to impact on capacity to move through
gaps, navigate obstacles, and manage daily tasks such as
buttering bread or drying oneself after a shower or bath
[16—18]. In particular, being able to ride a bicycle is a valued
activity for children with DCD in some cultures, but presents
additional challenges for these children which are not just due
to their difficulties mastering the required motor skills but also
due to organisational and planning problems affecting capac-
ity to navigate, particularly over different terrains [19].
Difficulties in learning new motor tasks continue to chal-
lenge individuals through to adulthood. Problems may mani-
fest in recording messages or taking notes, preparing meals,
packing a suitcase, managing money and many other common
daily activities across home, work and community environ-
ments [15]. Learning techniques to cope with a new job can be
particularly difficult for adults with motor deficits [20].
Driving skills, such as regulating speed and coping with dis-
traction, distance perception and slow reaction times have all
been shown to be compromised in young adults with DCD
and impact on their capacity to avoid hazards [21].
Qualitative analysis of interviews of teenagers with DCD
epitomise some of the organisational difficulties and conse-
quent frustration experienced when performing typical daily
tasks. For example, one teenager described his difficulty
organising materials in his workspace: “Say I’m eating my
breakfast ... and I’ve got the butter open there where I’'m going
to put my elbow, and the jam there, all in the way” (Billy, aged
13). Billy was frustrated at his inability to organise his break-
fast things and embarrassed at the visible signs of his poor
coordination (food marks on his clothing). Some children with
DCD work hard to manage their poor organisational skills:
“Organisation, [ haven’t really got any. I don’t sort my school

stuff out, I just keep it all in my bag. I carry all my school
books around with me” (David, aged 15). An unintended con-
sequence of David’s poor organisation skills however, was the
extra time needed to find what he was looking for in his school
bag and the additional weight in the bags he carried around all
day has implications for back-care (Quotes from Payne 2015
[22]).

In a study exploring the lived experience of teenagers with
DCBD, participants described their lives as ‘hard work” because
of the extra effort required to master and perform everyday
motor tasks and the extra cognitive effort required to organise
themselves, their time and their equipment [22]. DCD was for
these teenagers, not just a physical construct. Moreover, the
combination of motor and non-motor difficulties experienced
by young people with DCD impacted on their emotional well-
being and social participation.

Self-Regulation and Resilience in DCD

Children with DCD have been shown to be at increased risk of
psychosocial problems affecting their quality of life and par-
ticipation or engagement in activities at home, at school and in
social settings [9, 11, 23-25]. Although more limited, emerg-
ing evidence indicates that the association between DCD and
poor mental health persists into adolescence [12, 26] and
adulthood [13, 27, 28].

Children and adolescents with DCD are at increased risk of
both internalising (anxiety, depression) and externalising (e.g.
ADHD) behaviours [9, 12, 25, 29-31]. Frustration at their
inability to perform activities that others manage to easily
accomplish contributes to children’s sense of inadequacy:
“It’s frustrating when everyone else can do it straight away,
then when I try and draw a cube or something it turns out
really weird” (George, aged 13). Children with DCD often
express anxiety about things that might happen because of
their motor and organisational difficulties: “I always think
I’ve forgotten something and something could go wrong. It’s
the ‘what if” thing in my mind” (George, aged 14); and, when
faced with activities they have found challenging previously
“I don’t feel comfortable using the woodwork equipment at
school because it’s sharp and I'm just scared to use it” (David,
aged 13) [22]. Parents in a study by Pratt and Hill [30] also
reported high levels of ‘panic anxiety’ amongst children with
DCD when faced with new or challenging situations or
activities.

Research indicates that young people with DCD are gener-
ally accurate in their perceptions of motor competence [32]
with unfavourable comparisons to their peers leading to low
self-esteem and poor self-worth [27, 28]. Poor self-efficacy for
motor skills affects the motivation of children with DCD to
engage in social and physical activities [24]. Motivation to
participate is also influenced by the context in which activities
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take place: “If it was an activity with people that I didn’t know
particularly well, then I wouldn’t want to get involved in case I
got it wrong” (Billy, aged 13) [22]. Children with DCD are
therefore more likely to engage in fewer social activities than
their peers and to choose activities that are quieter and more
socially isolated than those chosen by more physical able
peers [33]. This is of concern as social isolation is linked to
poorer mental health.

Avoidance of physical activities is also reported to be com-
mon in children with DCD who may shun situations in which
their difficulties might be exposed [25, 34, 35]. While studies
suggest that participation in physical activities has a beneficial
effect for children’s mental health [36], this may not be the
case for children with DCD whose feelings of inadequacy
may be reinforced through negative interactions with peers
[37].

Recently, gender has been suggested as a factor
influencing emotional well-being in young people with
DCD. While a previous study by Sigurdsson et al. in
2002 [13] reported higher levels of anxiety in adolescent
males compared to females with motor difficulties, a recent
study by Harrowell and colleagues [12] showed that fe-
males with DCD aged 16-18 years were more likely to
report emotional difficulties and depressive symptoms
compared to age and gender matched controls. This sup-
ports the findings of a survey by The Dyspraxia
Foundation in 2015 which revealed that girls were typical-
ly not diagnosed, on average, until aged 22 years when
their previous coping strategies were no longer effective,
leading them to seek support for their coordination,
organisational and mental health difficulties [38].

Cairney and colleagues [9] put forward the Environmental
Stress Hypothesis as a possible explanation for the increase in
mood disorders among children with DCD, with secondary
psychosocial consequences of the primary motor disorder
having a cumulative negative impact on self-esteem and men-
tal health. Factors such as the context in which activities take
place [37], fitness and obesity [39]and peer victimisation [40]
all impact on the participation and emotional well-being of
children with DCD. Psychosocial well-being is not necessar-
ily linked to the severity of a child’s motor impairments [11,
33] with self-esteem, the presence of co-occurring difficulties,
bullying and social communication difficulties being impor-
tant mediating factors [25].

Mechanisms Underpinning Organisation
of Behaviour and Emotion in DCD

The complexity and heterogeneity in DCD presents chal-
lenges in attempts to understand the mechanisms under-
pinning motor skills, let alone how these relate to organi-
sation of behaviour and emotion. Building on the Causal
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Model of Developmental Disorders outlined by Morton
[41] and developed by Green et al. [42] for children with
DCD, a new framework will be presented to consider
participatory contexts that reflect the fluid and transac-
tional nature of interactions between the person, the ac-
tivity and environmental interfaces. This model builds on
the evidence reflecting the iterative process of learning
and experience (objective and subjective) and its implica-
tions for performance and well-being. In this respect, the
context in which behavioural organisation and emotional
experience occurs is amorphous and includes multiple dy-
namically interacting variables. A behaviour defined as
‘poorly organised’ in one context may ‘fit’ or be appro-
priate in a different place, time or social group. The con-
text for performance, including temporal elements, is es-
sential to the understanding of the setting for behaviour
and emotional experiences [43]. The transactional frame-
work set out by King and colleagues [43] considers the
facilitative, resiliency and socialisation processes that are
contextualised by the experiences of the situated person.
Consideration of not just the present, but how perceptions
of the present have been built from experiences (including
effort and success) will then influence expectations, en-
thusiasm (motivation) and engagement to drive goal-
directed behaviours [44]. Incorporation of the temporal
elements of the person (subjective and objective) and ac-
tivity within their environments (physical, social or virtu-
al) will be fundamental to our understanding of the mech-
anisms underpinning organisational and emotional issues
presenting in DCD (See Fig. 1).

The interaction between functional abilities and task per-
formance, including organisational capacities, has been shown
to influence caregiver perceptions of environmental supports
at home, with these environmental supports impacting on chil-
dren’s participation in home-based activities during early
childhood [45]. The extent to which opportunities to engage
in complex tasks, to develop skills and self-competencies,
may therefore be restricted early on when children demon-
strate movement impairments. Limitations to self-efficacy
are reported for children with DCD as young as 5 years [24],
and higher levels of bullying and victimisation also reported in
childhood [40, 46], exacerbating the negative personal and
environmental experiences of individuals with movement
problems. The Environmental Stress Hypothesis [9, 47] pro-
vides a framework for understanding the association between
motor skill performance, the influence of environmental ‘chal-
lenges’ (including bullying, limitations to functional
performance and poor self-concept) and internalising prob-
lems including anxiety and depression. Environmental risks
for DCD, particularly low-income/socio economic back-
grounds and low birth weight/low gestational age have also
been identified as risks for poor emotional adjustment and
mental health problems [48]. The interaction between these
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Fig. 1 A transactional framework to capture the dynamic interactions between the person, participatory elements and environmental influences

environmental and psychosocial contexts has implications for
access to facilitative physical and attitudinal environmental
supports and development of self-competence and resilience.

Stepping back from the macro level of influences on op-
portunities for skill acquisition, at the personal level there are a
number of studies reporting weaknesses in cognitive process-
es (i.e. executive function; EF) which persist into early adult-
hood [49]. Deficits in cognitive processes have been linked to
impaired planning and organisation in daily life and shown to
be independent of the attention problems commonly co-
occurring in DCD. Planning problems have also been consid-
ered in a study examining anticipatory adjustments to navigate
through environmental obstacles (gaps) in which adults with
DCD were found to have developed a different adaptive strat-
egy to account for movement problems and avoid collisions
[16].

Deficits in EF processes have also been shown to impact
on academic performance including concentration and
memory [28, 49]. Others have considered cognitive pro-
cesses and the impact of increasing cognitive effort/
cognitive load on motor performance from the perspective
of a lack of automisation in motor skill production: “the
automisation deficit hypothesis” [50]. Difficulties in EF
have also been reported with respect to dual task control,
reflecting the effort of multi-tasking and consequent im-
pact on performance and behaviour [51, 52].

Weaknesses in cognitive processes in DCD are consis-
tent with neural accounts for the deficits occurring in DCD

when utilising advanced magnetic resonance imaging
(MRI) or electroencephalogry (EEG) or transcranial ultra-
sound [53]. These studies have shown under-activation
across a number of key networks involved in motor control
and movement execution motor-related tracts including
cerebellar peduncles, thalamic radiations, corpus callosum,
and corticobulbar and corticospinal tracts [53]. Reduced
cortical thickness, particularly in the right anterior tempo-
ral pole, has also been identified [54]. Importantly, brain
areas involved in anticipatory motor control and error cor-
rection (which fits an internal modelling deficit account for
DCD) [55, 56] and the mirror neurone system (which has
been linked to imitation and potentially ‘praxis’) [57] have
been implicated in DCD [53]. White matter connections
with reduced fractional anisotropy (FA) of somatosensory
tracts, especially, or the retro-lenticular limb of the internal
capsule and posterior thalamic radiation, have been asso-
ciated with reduced visual-motor control [58]. Zwicker
et al. [59] reported white matter abnormalities in the pos-
terior thalamic radiation and also cerebellar peduncles for
people with DCD, linked to motor learning. Imitation def-
icits have been found in DCD alongside evidence of re-
duced activation in brain regions associated with the mirror
neurone system (including precentral gyrus, inferior frontal
gyrus, and cingulate, as well as lowered activation in the
pars opercularis) when children with DCD observed ac-
tions [60]. These findings are consistent with the imitation
and gesture difficulties influencing motor learning
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(copying) as well as the social deficits seen in these chil-
dren [61] and provide some support for these underlying
areas contributing to various aspects of the impairments in
movement organisation demonstrated in DCD.

There have also been reports of weaker segregation and
specificity of neural networking and the visuomotor deficits
seen in DCD [62]. This is reflected in findings of distributed
connectivity in children with movement impairments
impacting on behaviour and emotional regulation [63].
Figure 2 illustrates the connectivity profiles from functional
connectivity resting state MRI (fcMRI; an indirect measure of
brain connectivity through blood oxygenation level-
dependent MRI signal) in two children with movement im-
pairments: child 1, having no organisational or emotional
problems, with a very mild hemiparesis due to cerebral palsy
(CP), but with hand function in the typical range and clear
motor network pathways; child 2 with movement impairments
consistent with DCD along with considerable functional def-
icits in organisation, planning and emotional lability and ob-
sessive behaviours and showing multiple and dispersed con-
nectivity from the seeded motor area. The seed region was
extracted from the sensori-motor cortex based on an active
motor task (see Weinstein et al. for protocol) [64]. The lack
of specificity and coherence of the motor network evident in
child 2, in which many areas/networks are correlated with the
motor seed region, is consistent with the disperse connectivity
profiles of language areas reported in individuals with dyslex-
ia [65].
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Fig. 2 fcMRI seeded from active and passive motor conditions of
children with movement impairments with and without organisational
and emotional difficulties. Functional connectivity maps based on a
seed regions defined from active motor task in dominant and non/
dominant sensori-motor cortex. Child 1: male 14 years 3 months, with
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Facilitators and Barriers to Participation
in DCD

Studies and the experience of children with DCD indicate that
their motivation and participation in activities is affected not
only by the severity of their coordination and organisational
difficulties, but also by the context in which activities take
place. Children may be less motivated to engage in activities
when the risk of exposing their coordination difficulties is
high and where their performance impacts on others: “I get
anxious about how people will look at me, how I look and
stuff at school” (George aged 14) [22]. Identifying situations
where participation is valued more highly than performance
and where children with DCD perceive there is a good match
between performance expectations and their own abilities will
therefore support children’s psychosocial well-being, build
self-efficacy and encourage their participation.

Social interactions have an important influence on the par-
ticipation of children with DCD with negative comments hav-
ing a cumulative impact on self-esteem: “If someone said to
me, like a teacher, about my handwriting I would just be less
confident for the rest of the day” (George aged 14) [22]. By
contrast, children who feel understood and supported by
adults are more likely to try new things and to persevere when
they encounter challenges. Parents and teachers can support
children with DCD by understanding their strengths and dif-
ficulties and by adapting and modifying activities to enable
their performance. The partnering for change model and
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Child 2 (a) Non-
Dominant hand
Z(r) 0.7414

Child 2 (b)
Dominant hand

Z(r) 1.3540

very mild right hemiparesis due to CP, without behavioural or emotional
deficits. Child 2: male 10 years 11 months, with coordination impairment

accompanied with behavioural organisational problems and emotional

lability.
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M.A.T.C.H. [66] approach encourages teachers to enable chil-
dren’s participation and achievement by Modifying the task,
Altering their expectations, Teaching strategies, Changing the
environment and Helping children feel understood and sup-
ported. The parent coaching model [67] is used by therapists
to help parents recognise barriers and supports to their chil-
dren’s participation and developing solutions that enable their
success. The PREP protocol (Pathways and Resources for
Engagement and Participation) [68] is a new strengths-based
approach for children with physical disabilities that could be
applied to children with DCD, that helps young people and
their parents consider how to remove environmental barriers
to participation in community-based leisure activities. These
intervention approaches are aimed at overcoming the barriers
to participation that may be due to motor coordination diffi-
culties and or personal organisational and or psychosocial
problems individuals with DCD encounter on a daily basis.

New evidence reflects the benefits of self-management
training and coaching in children with DCD through
programmes such as the Cognitive Orientation to daily
Occupational Performance (COOP Approach; delivered in a
group setting) [69]. Self-management approaches that enable
individuals to take greater responsibility for their performance
and participation are also recommended for teenagers with
DCD [8, 26]. Effective self-management programmes help
young people to better understand their strengths and difficul-
ties and to identify and apply strategies that support their per-
formance in ecologically valid contexts. Project T.E.A.M.
(Teens Making Environment and Activity Modifications) is
a self-management programme developed for young people
with developmental difficulties and encourages individuals to
identify environmental barriers and supports to their partici-
pation and provides them with the confidence and skills to
request the reasonable adjustments that enable their perfor-
mance [70].

Conclusion

Clinical and research indications reflect an overlap between
the organisational difficulties experienced by individuals with
DCD, particularly planning and activity execution and emo-
tional vulnerability that cannot be explained by the degree of
motor impairment. The severity of a person’s motor deficits
may be less important for a person’s well-being and participa-
tion than the individual’s experience and perceptions of these
deficits. A transactional framework has been introduced to
capture the experience and perceptions of individuals and
how these may be influenced by the contexts in which activ-
ities take place and their interactions with others.

Evidence from research and clinical practice indicates that
DCD is not just a physical construct. Although co-occurring
mental health difficulties have been identified in many people

with DCD, there is increasing evidence reflecting deficits in
executive functions, behavioural organisation and emotional
regulation that extend beyond the motor impairments and
which are independent of additional diagnoses. Researchers
and clinicians need to consider and address non-motor factors
if interventions are to be effective in improving personal, ac-
ademic, emotional and social outcomes for people with DCD.
Examining all these factors (motor, organisational/executive
functioning, contextual and social) will help us understand
differences in the performance and participation of individuals
with DCD in real-life situations and develop interventions that
improve the quality of life and life satisfaction of people with
DCD.

Multiple methodologies and new theoretical perspectives
are therefore needed for a comprehensive framework that can
incorporate individual as well as contextual factors into the
understanding of the causes and mechanisms of DCD and
impacts on performance and participation. A shift in focus in
research and clinical practice is required to move from indi-
vidual impairments and capacities, distinguished from envi-
ronmental barriers and enablers, to a more fluid construct that
reflects the transactional nature of the person-activity-
environment interfaces [43]. Adopting multi-dimensional
and transactional models will be essential to support an under-
standing of the organisational and emotional issues presenting
in DCD.
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