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ABSTRACT

Developmental coordination disorder (DCD) is one of the most common
neurodevelopmental disorders in children, characterized by significant delays in the acquisition and
performance of motor skills. Given that DCD is inherently related to learning processes, this systematic
review aimed to examine the characteristics of motor learning in children with DCD.

[VETTLE Relevant studies were retrieved from major scientific databases, including PubMed, Google
Scholar, ScienceDirect, PsycINFO, Embase, Medline, ProQuest, and Web of Science, using the keywords
motor learning, motor sequence, implicit learning, explicit learning, developmental coordination
disorder (DCD), procedural learning, and procedural motor sequence learning. The search focused on
articles published between 2000 and 2025. The reference lists of the initially identified studies were also
reviewed to identify additional relevant sources. Titles, abstracts, and, when necessary, full texts of the
articles were screened and evaluated. To assess the quality of the included studies, the Downs and Black
checklist was used.

5T The findings indicate that children with DCD, despite motor impairments, are capable of implicit
motor learning; however, this process is slower and less efficient compared to their typically developing
peers and requires more practice. Explicit motor learning is more challenging for them due to the
additional cognitive load. In contrast, implicit learning, especially in the context of multisensory (verbal—
visual) practice, is more effective for skill acquisition in children with DCD.

[@TENERT Our findings suggest that implicit motor learning provides a more effective pathway for
acquiring skills through unconscious experience and repetition in children with DCD, and educational
and rehabilitation interventions should be designed to focus on multisensory practice that leverages

Received: 20 Oct 2025 © their implicit motor learning capacities to enhance learning efficiency.

Accepted: 02 Dec 2025 i [EWEEE Developmental coordination disorder (DCD), Motor learning, Explicit learning, Implicit
Available Online:21Mar2026  ©  learning, Motor sequence

. ........................................................................................................................................................................................................................ .
* Corresponding Author:

Sayed Kavos Salehi, PhD.

Address: Department of Motor Behavior, Faculty of Sport Sciences, Shahid Rajaee Teacher Training University, Tehran, Iran.
Tel: +98 (21) 5100 9700

E-Mail: Sk.salehi@yahoo.com

Copyright © 2026 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://medrehab.sbmu.ac.ir/?lang=en
https://medrehab.sbmu.ac.ir/?lang=en
https://dx.doi.org/10.32598/SJRM.15.1.3419
http://medrehab.sbmu.ac.ir/?lang=en
https://www.orcid.org/0000-0003-2811-0757
https://crossmark.crossref.org/dialog/?doi=10.32598/SJRM.15.1.3419
http://medrehab.sbmu.ac.ir/?lang=en
mailto:Sk.salehi@yahoo.com
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

Introduction

evelopmental  coordination  disorder
(DCD) is one of the most common neu-
rodevelopmental disorders, affecting ap-
proximately 5%—6% of children world-
wide. It is characterized by significant
delays in the acquisition and performance of coordinated
motor skills, in the absence of any major neurological or
intellectual impairment. The consequences of DCD ex-
tend beyond motor difficulties, negatively impacting a
child's ability to perform daily activities, self-confidence,
and social participation. Since the nature of this disorder
is directly tied to learning processes and there is no defini-
tive pharmacological treatment, understanding the char-
acteristics of motor learning in these children is crucial
for designing effective rehabilitation interventions, such
as occupational therapy and task-oriented approaches.
The ultimate goal of these interventions is not only to im-
prove specific motor skills but also to promote the transfer
of learning to real-life situations and enhance the child's
functional independence.

Motor learning occurs through two main modes: explicit
learning (conscious, based on verbal knowledge) and im-
plicit learning (unconscious, acquired through repetition).
A subtype of implicit learning, procedural learning, is cru-
cial for automating everyday skills such as dressing or ty-
ing shoelaces—tasks often challenging for children with
DCD. These difficulties have led to the hypothesis that a
procedural learning deficit may underlie motor delays in
children with DCD. Neurological evidence indicates that
brain structures involved in skill automatization, such as
the basal ganglia and cerebellum, are more vulnerable in
children with DCD, with reduced cerebellar—cortical ac-
tivity observed. However, findings are inconsistent; some
studies have reported preserved implicit learning, while
others have shown deficits. These discrepancies, along
with the lack of a comprehensive synthesis, underscore
the need for a systematic review to clarify learning pat-
terns and identify research gaps.

Given the direct link between DCD and learning pro-
cesses and the contradictory findings in the literature, the
main purpose of this article is to systematically review
previous studies on motor learning in children with DCD.
This research specifically focuses on motor sequence
learning paradigms to identify performance patterns in
these children and to pinpoint existing gaps in the current
body of research.

Scientific Journal of

Methods

This systematic review aimed to identify relevant ar-
ticles by searching of reputable databases, including
PubMed, GoogleScholar, ScienceDirect, Elsevier, Psy-
cINFO, Embase, Medline, ProQuest, and Web of Sci-
ence, as well as Persian scientific databases. The key-
words used in the search were "motor learning," "motor
sequence," "implicit learning," "explicit learning," "de-
velopmental coordination disorder (DCD)," "procedural
learning," and "procedural motor sequence learning" for
articles published between 2000 and 2025.

nong

The study selection process was performed in several
stages. In the initial search, 113 articles were identified.
After screening titles and abstracts, 100 articles were ex-
cluded due to not meeting the inclusion criteria. Of the
remaining 13 articles, four were further excluded be-
cause of a lack of access or incomplete alignment with
the inclusion criteria. Ultimately, nine studies that met all
methodological and content criteria were selected for fi-
nal analysis.

The inclusion criteria comprised studies that specifically
examined motor learning (explicit, implicit, or procedur-
al) in children with a confirmed diagnosis of DCD, using
sequential motor tasks and including a healthy control
group. Only studies published in English or Persian were
included. The exclusion criteria included review papers,
case reports, studies on children with severe neurologi-
cal impairments, and articles employing computer games,
mental practice, or motor adaptation tasks.

To evaluate the methodological quality of the selected
studies, the Downs and Black checklist was used. This
tool assesses 15 key indicators, including reporting qual-
ity, validity, and bias. Based on the assessment results,
four studies were rated as high-quality and five studies as
moderate-quality, indicating an overall satisfactory meth-
odological standard among the reviewed research.

Results

Analysis of the nine selected studies revealed that all
compared children with DCD to healthy control groups
aged 6-14 years. The primary tool used across all studies
was the Serial Reaction Time Task, a standard paradigm
for assessing motor sequence learning.

In terms of behavioral performance patterns, the results
were inconsistent. Six studies reported that children with
DCD exhibited slower reaction times and weaker implicit
learning compared to their typically developing peers. In

Saleh SK. Motor Learning in Children with DCD. Sci J Rehab Med. 2026; 15(1):20-35.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.com/
https://www.sciencedirect.com/
https://www.elsevier.com/
https://www.apa.org/pubs/databases/psycinfo
https://www.apa.org/pubs/databases/psycinfo
https://www.embase.com/
https://www.medline.com/
https://www.proquest.com/
https://access.clarivate.com/login?app=wos&alternative=true&shibShireURL=https:%2F%2Fwww.webofknowledge.com%2F%3Fauth%3DShibboleth&shibReturnURL=https:%2F%2Fwww.webofknowledge.com%2F%3Fmode%3DNextgen%26action%3Dtransfer%26path%3D%252Fwos%252Fwoscc%252Fbasic-search%26DestApp%3DUA&referrer=mode%3DNextgen%26path%3D%252Fwos%252Fwoscc%252Fbasic-search%26DestApp%3DUA%26action%3Dtransfer&roaming=true
https://access.clarivate.com/login?app=wos&alternative=true&shibShireURL=https:%2F%2Fwww.webofknowledge.com%2F%3Fauth%3DShibboleth&shibReturnURL=https:%2F%2Fwww.webofknowledge.com%2F%3Fmode%3DNextgen%26action%3Dtransfer%26path%3D%252Fwos%252Fwoscc%252Fbasic-search%26DestApp%3DUA&referrer=mode%3DNextgen%26path%3D%252Fwos%252Fwoscc%252Fbasic-search%26DestApp%3DUA%26action%3Dtransfer&roaming=true

Scientific Journal of
Rehabilitation Medicine

contrast, two studies found no significant differences be-
tween the groups, suggesting that implicit learning abil-
ity may be preserved in children with DCD. One study
reached a particularly noteworthy conclusion: implicit
learning in children with DCD depends on the type of
stimulus. The simultaneous presentation of verbal and
visuospatial stimuli was found to enhance learning by
activating multisensory pathways and compensating for
neural deficits.

Regarding neurophysiological findings, three studies
employing neuroimaging and EEG provided additional
evidence. These studies reported reduced beta-band ac-
tivity in motor regions and a smaller cerebellar volume.
They delayed event-related potentials associated with
sequence prediction in children with DCD, all of which
were correlated with their poorer performance in motor
learning tasks.

Conclusion

The results of this systematic review indicate that, de-
spite motor challenges, children with DCD retain the
ability to implicitly learn motor sequences. However,
their learning process tends to be slower, more variable,
and less efficient compared to their typically developing
peers. This difference does not imply a complete inability
to learn; rather, it highlights the need for extended time
and practice to achieve optimal performance levels.

Evidence suggests that explicit learning, which imposes
a greater cognitive load, may be less effective for these
children. In contrast, implicit learning, which relies less
on conscious cognitive resources, provides a more ef-
ficient pathway for acquiring and consolidating motor
skills. Specifically, the use of multisensory stimuli—such
as combining verbal and visual cues—can significantly
enhance learning by activating alternative neural path-
ways and compensating for existing deficits.

Neurophysiological findings further support these be-
havioral observations, underscoring the roles of structures
such as the cerebellum and basal ganglia in motor learn-
ing in children with DCD. Therefore, it is recommended
that educational and rehabilitation programs for these
children be designed to leverage implicit learning mecha-
nisms and incorporate rich, varied practice conditions to
achieve the most effective outcomes.
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20. Electroencephalography
21. FreeSurfer

22. MRI

23. Late Parietal Positivity
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19. Serial Reaction Time (SRTT)
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