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Developmental coordination disorder (DCD) is a chronic 
disorder that affects approximately 5% to 6% of children, but 
is under- recognized by health care and educational

professionals.1 Children diagnosed with DCD accord-
ing to the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM- 5) criteria form a heteroge-
neous group.2 While impairment in motor coordination is 

a defining attribute of this group, heterogeneity exists in the 
nature and severity of not only the motor problems, but also 
in the sensory and cognitive problems often associated with 
DCD.1 It is increasingly recognized that this heterogeneity 
hampers the identification and effective treatment of these 
children,1 highlighting the need for more comprehensive 
assessment.
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Abstract
Aim: To identify subtypes in a large group of children clinically diagnosed with 
developmental coordination disorder (DCD) based on their pattern of motor, 
cognitive, and visual- motor abilities.
Method: Standardized scores for verbal IQ, total IQ, Movement Assessment Battery 
for Children, Second Edition (MABC- 2) balance, MABC- 2 manual dexterity, 
MABC- 2 ball skills, and Beery- Buktenica Developmental Tests of Visual- Motor 
Integration (Beery- VMI), Motor Coordination (Beery- MC), and Visual Perception 
(Beery- VP) were used. The NbClust complete procedure was used to best partition 
the data on 98 children (84 males, 14 females, mean [SD] age: 8 years [2 years 
1 month]) into clusters. Deviation contrasts, multivariate analysis of variance, and 
post hoc comparisons were used to characterize the clusters.
Results: Four clusters were revealed: two clusters with a broad motor skill problem, 
one with relatively preserved visual- motor integration and Beery- MC skills, and a 
second with abnormal ball skills, balance, and Beery- MC skills. A third cluster with 
more specific gross- motor problems, and a fourth with relatively preserved ball skills 
but low Beery- MC and performance IQ, were identified. Balance scores were ‘at risk’ 
or ‘abnormal’ in all four clusters.
Interpretation: DCD is a heterogeneous condition. However, subtypes can be 
discriminated on the basis of more severe difficulties in fine- motor performance, gross- 
motor performance, or both. There was evidence for generalized motor impairments 
in around half of all children. Importantly, at least borderline level reduced balance 
was evident in each subtype.
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Recent research into the mechanisms of DCD suggests 
varying levels of motor- cognitive issues in these children.1 
For example, Wilson et al.3 showed a persistent deficit in 
executive function in a subgroup of children with DCD, 
warranting more elaborate screening for cognition in this 
group. This profile was more common in children with 
persistent DCD. This finding, together with previous 
studies that have examined possible subtypes in DCD,4– 8 
suggests that further examination of these subtypes in a 
larger group of children clinically diagnosed with DCD is 
warranted.

In the present retrospective study, we used a large sample 
of children that were clinically diagnosed with DCD accord-
ing to DSM- 5 standards to identify subtypes of DCD, based 
on their cognitive, visual- perceptual, and motor abilities 
(n = 98). The sample was drawn from a large database (the 
ZOOM- IN database) that was collected from 2009 onwards 
by the Sint Maartenskliniek in Nijmegen, the Netherlands. 
The primary aim of the ZOOM- IN project was to help chil-
dren with motor problems who were unable to fully partic-
ipate in school or community for various reasons. Based on 
the screening results, professional guidance was given to 
children and their parents to enhance their engagement at 
school and participation.

A secondary consequence of the ZOOM- IN project was 
the accumulation of a large database of children that were 
clinically diagnosed with DCD according to the DSM cri-
teria.2,9 We used this database to examine the presence of 
DCD subtypes via cluster analysis. Specifically, and in line 
with the recently updated international consensus statement 
on DCD,1 we included motor performance, cognition, and 
visual- motor integration abilities to determine whether vi-
able clusters are present in the DCD group at large. In our 
view, identification of these subtypes will advance custom-
ized treatment for these children. It can help in deciding 
where to give treatment, the intensity of any treatment, and 
follow- up programme.

M ETHOD

ZOOM- IN setting and identification of the 
children with DCD

The ZOOM- IN project was developed and implemented in 
a specialized consulting centre, the Sint Maartenskliniek. 
This centre is a collaboration that combines the expertise of 
a regional expertise centre on childhood disability, a school 
for special education, and a rehabilitation centre in which 
a multidisciplinary team of professionals work together. A 
prerequisite for admission into ZOOM- IN was a referral 
by a physician, initiated by the parents themselves or by 
recommendation of the schoolteacher. A critical inclusion 
criterion for ZOOM- IN was a dedicated request for help 
regarding motor skill development. Children diagnosed with 
a major medical or psychiatric condition, with the exception 
of attention- deficit/hyperactivity disorder and (after the 

introduction of DSM- 5)2 autism spectrum disorders, were 
excluded. A case manager guided the child and parents 
during the diagnostic, advisory, and follow- up process. 
The child and parents visited the centre three times over 
the course of 1 week for interviews and assessments by the 
ZOOM- IN team which consisted of a paediatric physician, 
a child psychologist, a paediatric physical therapist, an 
occupational therapist, a speech therapist, and, upon request 
or upon indication, a social worker. In the following week, 
the multidisciplinary team analysed and discussed the 
results of the assessment and, in the third week, parents were 
informed about the results in a joint consultation with the 
paediatric physician, the psychologist, and the case manager. 
Subsequently, a meeting was arranged at the school of the 
child, with the support- teacher of the Rivierenland regional 
expertise centre, parents, and teacher present, to discuss the 
results and recommendations for the educational setting.

The presence or absence of DCD was determined accord-
ing to DSM- IV9 and later DSM- 52 criteria operationalized 
for the Netherlands in the Dutch DCD guideline (https://
richt lijne ndata base.nl/richt lijn/devel opmen tal_coord inati 
on_disor der_dcd/start pagina_- _devel opmen tal_coord inati 
on_disor der_dcd.html). To summarize, children are seen 
and tested by a multidisciplinary team (including a medical 
doctor who performs the neurological examination of minor 
neurological dysfunction, and a physical therapist who ad-
ministers the Movement Assessment Battery for Children, 
Second Edition [MABC- 2]) after referral. Parents and the 
teacher complete questionnaires regarding their request 
for help, developmental history of the child, motor perfor-
mance, and behavioural issues.

Cohort

Between March 2009 and December 2018, a total of 891 
children were registered on the ZOOM- IN database. 
Parents/caregivers of these children were informed via 
email about the database and its planned use for the present 
study. They were invited by the ZOOM- IN secretary 
via e-mail to give informed consent digitally (ticking 
a box) for the inclusion of the anonymized data of their 

What this paper adds

• Four subtypes were identified in a large clinical 
group of children with developmental coordina-
tion disorder (DCD).

• Subtypes were based on motor, cognitive, and 
visual- motor abilities.

• There was evidence of generalized motor impair-
ments in around 50% of children with DCD.

• A generalized balance problem is present across 
all subtypes of DCD.

https://richtlijnendatabase.nl/richtlijn/developmental_coordination_disorder_dcd/startpagina_-_developmental_coordination_disorder_dcd.html
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child. Responses for 479 (53.8%) children were received. 
For 82.9% (n = 379), consent was provided, of which 123 
(32.5%) (104 males, 19 females, mean [SD] age: 8 years 
1 month [2 years 3 months]) were clinically diagnosed 
as having DCD. Ethical approval for use of the clinical 
database was granted by the local Ethics Committee of the 
Faculty of Social Science at Radboud University (reference: 
ECSW- 2020- 133) and the local ethics committee of the 
rehabilitation centre (reference: 2018/06/20a/MVo/eb).

Assessments

Motor function

The MABC- 2 (Dutch translation)10 was used to identify and 
describe the level of motor functioning on three domains 
of skill (ball skills, balance, manual dexterity). Component 
standard scores (raw scores corrected for age [mean  =  10; 
SD  =  3], based on Dutch norms)10 on each domain were 
used in the analyses since these scores provide the most 
valid index of motor performance and are recommended for 
scientific use.10 Centile scores for each domain and for the 
total test score were used to characterize the sample and in-
dividual clusters. Scores on or below the 5th centile indicate 
a significant movement difficulty and those between the 6th 
and 16th centile indicate being ‘at risk’ of a movement diffi-
culty. Scores above the 16th centile indicate ‘unlikely to have 
a movement difficulty’.10 Following the recommendations 
in the Dutch DCD guideline, DSM- 5 criterion A is also met 
with a subscore on or below the 5th centile.

Visual- motor integration

Beery- Buktenica Developmental Test of Visual- Motor 
Integration (Beery- VMI)11 and its two supplementary tests 
(Visual Perception [Beery- VP] and Motor Coordination 
[Beery- MC]) were used to measure the ability to integrate or 
coordinate visual- perceptual and motor abilities when per-
forming manual actions (visual- motor integration).11 The 
test consists of three parts: visual- motor integration, visual 
perception, and motor coordination. Raw scores are con-
verted to standardized scores with a mean of 100 and SD of 
15.11 A standard score of 90 or above is considered normal, 
80 to 89 as below average, 70 to 79 as low, and below 70 as 
very low.11

Cognition

The Dutch version of Wechsler Intelligence Scale for 
Children, Third Edition12 was used to assess IQ as a meas-
ure of cognitive functioning. Total IQ, verbal IQ, and per-
formance IQ were determined. Raw scores were converted 
to standard scores with a mean of 100 and SD of 15. A score 
below 85 is considered ‘at risk’ and 85 or above as normal. A 

total IQ cut- off of 70 was used as an inclusion criterion for 
ZOOM- IN.

Procedure

First, scores were standardized (i.e. z- scores [mean  =  0, 
SD  =  1]) for: cognition (performance IQ, verbal IQ, total 
IQ), motor performance (MABC- 2 balance, MABC- 2 man-
ual dexterity, MABC- 2 ball skills, MABC- 2- total score), 
and visual- motor integration (Beery- VMI, Beery- MC, 
Beery- VP). Outliers (>3 SD) were recoded as missing val-
ues (n = 6). Absolute skewness and kurtosis values of the 
remaining z- scores were less than 1.96 (p > 0.05) (min– max 
0.02– 0.62).

Cross- correlations (Pearson's r) between total test and 
factor scores were computed to identify redundant factors 
(Table S1). As expected, high (≥0.70) correlations were found 
between verbal IQ and total IQ, and between performance 
IQ and total IQ. The correlation between performance IQ 
and verbal IQ was weak. Moderate- to- high correlations 
were found between the MABC- 2 total standard score and 
MABC- 2 domain scores (manual dexterity, ball skills, and 
balance). Correlations between domain scores were negligi-
ble. For the Beery scales, the correlation was mild between 
visual- motor integration and visual perception, moderate 
between visual- motor integration and motor coordination, 
and very low between visual perception and motor coordi-
nation. As subscale scores represent different domains that 
were expected to be important in defining the hypothe-
sized clusters, total test scores were omitted from the anal-
ysis. Complete data were available for 98 children (Table 1). 
MABC- 2 scores of 13 children were not available, Beery- 
VMI scores were missing for 10 children, both Beery- VP and 
Beery- MC scores were missing for 11 children. In addition, 
performance IQ scores were missing for two children and 
verbal IQ scores for one child.

The NbClust R package13 was used to identify the op-
timal number of clusters according to the majority rule13 
whereby the number of clusters that is indicated by the ma-
jority of the indices is deemed the best fitting. Accordingly, 
the NbClust complete procedure with Euclidean distance13 
was used to best partition the data into the optimal num-
ber of clusters. The resulting clusters were subsequently 
analysed using SPSS (v. 25, IBM Corp., Armonk, NY, 
USA). Deviation contrasts were used to characterize the 
scores within each identified cluster relative to the grand 
mean. Multivariate analysis of variance was used to test 
differences between clusters. Shapiro– Wilk's test was used 
to assess multivariate normality. No significant (corrected 
alpha of 0.002) deviations from normality were found. 
Since Box's M test was significant (p = 0.002), Pillai's Trace 
was reported. Differences between clusters on all metrics 
(performance IQ, verbal IQ, MABC- 2 manual dexter-
ity, MABC- 2 ball skills, MABC- 2 balance, Beery- VMI, 
Beery- VP, and Beery- MC) were tested with a corrected 
alpha of 0.006 to infer statistical significance, followed 



   | 1369THE SUBTYPES OF DEVELOPMENTAL COORDINATION DISORDER 

by post hoc comparisons on specific metrics. Levene's 
test was used to test homogeneity of variances. Where 
variances were unequal (performance IQ, verbal IQ, and 
Beery- VMI), Games- Howell correction was reported in-
stead of Bonferroni. Demographic and clinical character-
istics of the identified clusters were also described.

R E SU LTS

Among 27 indices, the NbClust procedure identified that 
most (10 indices) had four as the optimal number of clus-
ters. Figure  1 presents the mean z- scores of the standard 
scores per metric and cluster, based on this best partition 
solution. Next, deviation contrasts were defined to de-
scribe each cluster relative to the grand average of the sam-
ple (Table 1).

There was a statistically significant difference between 
the clusters (F[24,267] = 11.86, p < 0.001; Pillai's Trace = 1.55, 
partial η2 = 0.52). Test of between- subject (i.e. cluster) effects 
showed significant differences between the four clusters on 
all metrics except MABC- 2 balance (Table 1). For each per-
formance metric below, post hoc comparisons are reported 
to describe differences between individual clusters (Table 2).

Cluster 1

Average IQ, visual- motor integration, and visual perception 
skills were within the normal range, whereas performance 
scores on the MABC- 2 and Beery- MC subtests were in the 
at- risk range (Table  1). Relative to the grand mean of the 
total sample, scores on verbal IQ, ball skills, and Beery- VP 
were significantly lower in cluster 1, while Beery- VMI and 
Beery- MC were higher (Table  1). Multiple comparisons 
showed that performance IQ, verbal IQ, manual dexterity, 
Beery- VMI, and Beery- VP scores were significantly lower 
in cluster 1 compared with cluster 2 (Table 2). Ball skills in 
cluster 1 were better than those in cluster 3, but worse than 
cluster 4. Beery- VMI and Beery- MC scores in cluster 1 were 
higher than those in clusters 3 and 4. All other differences 
were not significant.

Cluster 2

Average IQ, manual dexterity, and all Beery scores were 
within the normal range (Table 1). Average ball and balance 
skills were in the at- risk range (Table 1). Scores of children 
in cluster 2 were near (ball and balance skills) or below the 
grand mean of the total sample, while Beery- VMI and both 
Beery- MC and Beery- VP were higher (Table  1). Multiple 
comparisons (Table 2) showed that scores in cluster 2 were 
higher than those in all other clusters on all metrics except 
ball skills and balance. Ball skills were comparable to those 
in cluster 1, but higher than those in cluster 3 and lower than 
cluster 4.T
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Cluster 3

Cluster 3 was characterized by, on average, abnormal ball 
skills, balance, and Beery- MC skills. Average manual dex-
terity and Beery- VP scores were at risk, whereas IQ and 
Beery- VMI were within the normal range (Table 1). Relative 
to the total sample, children in this cluster scored near 
(performance IQ, manual dexterity, and visual perception) 
or below the grand mean on all metrics (Table 1). Multiple 
comparisons (Table  2) showed that IQ, manual dexterity, 
and Beery- VP scores were lower in cluster 3 than in cluster 
2. Ball skills was the lowest of all clusters, whereas balance 
was significantly lower than cluster 4 only. Beery- VMI and 
Beery- MC performance was lower compared with cluster 1 
and 2. All other differences were not significant.

Cluster 4

On average, cluster 4 showed well- developed ball skills 
relative to other clusters (Table 1). Also, the average verbal 
IQ and Beery- VP were within the normal range. Average 
scores on all other metrics were within the at- risk range. 
Relative to the grand mean of the sample (Table 1), ball and 
balance skills were above average, while verbal IQ, manual 
dexterity, and visual perception were average. Performance 
IQ, Beery- VMI, and Beery- MC were below average. Multiple 
comparisons (Table 2) showed that cluster 4 outperformed all 
other clusters on ball skills. IQ, manual dexterity, and visual 
perception were lower than in cluster 2. Beery- VMI and 
Beery- MC skills were lower in cluster 4 than both clusters 1 

and 2. Finally, balance scores were higher than cluster 3. All 
other differences were not significant.

Demographic and clinical characteristics of the identi-
fied clusters (Table  3) revealed no (significant) differences 
between the clusters (p > 0.05). Number of MABC- 2 classifi-
cations for total and subscale scores per cluster are presented 
in Table S2.

DISCUSSION

The aim of our study was to identify possible subtypes within 
a large group of children diagnosed with DCD, based on 
performance profiles across measures of motor, cognitive, 
visual- motor integration, and visual perceptual function. 
The cluster analysis identified four viable clusters. Clusters 1 
and 3 were formed by groups of children that showed below- 
average performance on all aspects of motor function and at 
least one aspect of perception and borderline performance 
IQ. Cluster 3 was distinguished, however, by much lower 
levels of gross- motor skill (below the 5th centile, compared 
with the 5th to 15th centile range for cluster 1).

For children in cluster 2, difficulties were confined to 
gross- motor/balance skills only (scores between the 5th and 
15th centile); scores on all other measures were in the nor-
mal range. Finally, children in cluster 4 were distinguished 
by their relatively low performance on tasks requiring fine- 
motor skills (MABC- 2 manual dexterity and Beery- MC), 
combined with lower visual- perceptual skill and perfor-
mance IQ. Ball skills were age- appropriate in this group, 
however.

F I G U R E  1  Mean z- scores of the standard test scores on cognition (performance IQ, verbal IQ), motor function (MABC- 2: manual dexterity, 
ball skills, balance), and visual- motor integration (Beery- VMI: visual perception, visual- motor integration, motor coordination) (n = 98). Whiskers 
show the 95% confidence intervals. Cluster 1: n = 37; Cluster 2: n = 24; Cluster 3: n = 18; Cluster 4: n = 19. Abbreviations: Beery- VMI, Beery- Buktenica 
Developmental Test of Visual- Motor Integration; MABC- 2, Movement Assessment Battery for Children, Second Edition.
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The results of studies that investigate subtypes in DCD are 
difficult to compare because of differences in samples, mea-
sures included in the cluster analysis, and the statistical pro-
cedures used.8 Despite these differences, we identified two 
clusters (comprising 56% of our total sample) with poor per-
formance on almost all included measures. While this sub-
type is recognized in earlier studies,4– 8,14,15 the percentage of 
children that we identified with generalized problems (56%) 
is in line with the study by Vaivre- Douret et al. only (44%);15 
other studies report much lower estimates (12– 18%).6– 8 In 
our study, these two clusters were characterized by relatively 

poor performance on both gross-  and fine- motor skills, fine- 
motor coordination as measured with the visual- motor inte-
gration, and lower performance IQ scores. We conclude that 
approximately half of the children with DCD show fairly 
generalized difficulties across motor and perceptual skills.

The identification of a cluster (cluster 4) with primarily 
fine- motor problems and poor visual perceptual skills is also 
in line with the results of previous studies.6– 8,15 The size of this 
group (19%) is comparable to two other studies (10– 18%),6,7 
but smaller than that reported by Macnab et al. (32%)8 and 
Vaivre- Douret et al. (44%).15 Our cluster 2, that primarily 

T A B L E  3  Demographic and clinical characteristics of the identified clusters (n = 98)

Cluster 1 (n = 37) Cluster 2 (n = 24) Cluster 3 (n = 18)
Cluster 4 
(n = 19)

MABC- 2 total score (centile)

Mean 3.05 5.27 0.93 9.47

SD 4.06 4.65 1.15 12.12

Min– max 0.1– 16 0.5– 16 0.1– 5 0.5– 50

Sex

Male (n) 29 22 14 19

Female (n) 8 2 4 0

Known comorbidity

ADHD (n) 2 1 3 2

ASD (n) 1 1 1 1

Dyslexia (n) 2 0 0 0

Age (months)

Mean 94.32 90.92 96.78 105.53

SD 27.44 23.21 22.65 23.63

BMI

Mean 16.64 16.06 16.37 17.40

SD 2.61 3.16 1.93 3.02

Min– max 12.90– 22.28 12.44– 24.74 13.66– 19.90 13.23– 24.36

Gestational age at birth (weeks)

Mean 39.03 39.32 39.33 40.06

SD 1.99 2.48 1.85 1.64

Preterm (<37 weeks) (n) 3 2 2 1

Birthweight (g)

Mean 3352 3203 3632 3737

SD 531.2 583.1 336.3 569.1

Min– max 2315– 4580 2185– 4290 3025– 4200 3030– 4560

<2500 g (n) 2 2 0 0

APGAR score 1 minute, median (min– max) 9 (3– 10) 9 (2– 10) 9 (6– 10) 9 (5– 10)

APGAR score 5 minutes, median (min– max) 10 (6– 10) 10 (6– 10) 10 (9– 10) 10 (8– 10)

Education

Year repetition (valid %) 32.4 8.7 44.4 21.1

Mainstream 37 24 14 16

Special 0 0 4 3

Missing data cluster (n): ADHD: 1 (1). ASD: 1 (1). Dyslexia: 1 (1). BMI: 1 (10), 2 (5), 3 (4), 4 (1). Gestational age: 1 (4), 2 (2), 4 (2). Birthweight: 1 (10), 2 (4), 3 (4), 4 (3). APGAR 
score 1 minute: 1 (14), 2 (11), 3 (7), 4 (5). APGAR score 5 minute: 1 (16), 2 (10), 3 (7), 4 (5). Year repetition: 1 (3), 2 (1).  
Abbreviations: ADHD, attention- deficit/hyperactivity disorder; ASD, autism spectrum disorder; BMI, body mass index; MABC- 2, Movement Assessment Battery for 
Children, Second Edition.
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showed gross- motor problems (both balance and ball skills) 
on the MABC- 2, is a unique subtype not present in earlier 
subtyping studies. Wright and Sugden reported a cluster 
with problems confined mainly to catching,14 and Macnab 
et al. to running speed and agility.8 Notwithstanding these 
distinctions, the percentage of children in (broadly) gross- 
motor clusters is consistent across studies (14– 18%). These 
findings suggest that clinicians need to be aware that chil-
dren with DCD can present with difficulties that are more 
confined to gross- motor skills. These children may not be as 
readily identified by teachers and parents as having a devel-
opmental disorder since the level of impairment is moderate, 
and there are few other issues of note.

A striking result in our study is that impaired balance 
was evident across all subtypes (mean balance subtests were 
all <15th centile), unlike earlier subtyping studies. However, 
our finding is in line with the results of a very recent system-
atic review and meta- analysis on balance problems in DCD.16 
This review showed that children with DCD have particular 
deficits in anticipatory balance control, leading to greater re-
liance on slower feedback- based control processes compared 
with typically developing children.16 Such deficits are likely 
to impede performance of functional motor tasks that rely on 
good postural control, such as ball skills, especially in an open 
environment.17 The implication of this generalized balance 
problem in DCD for clinical practice is that postural control 
should be addressed within task- oriented treatment of DCD.

Although our sample size was sufficient, it was just within 
the rule of thumb of a minimum of 10 times the number of 
variables.18 Consequently, a possible effect of the inclusion 
and exclusion of children with known comorbidity could not 
be established.6 A second limitation of the present retrospec-
tive study is that the choice of cognitive, motor, and visual- 
perceptual metrics was confined to the ZOOM- IN protocol. 
These metrics comply with international guidelines for di-
agnosing DCD1 and are representative of data available in 
other rehabilitation centres. However, we had no influence 
on the inclusion of variables in the database. A factor like ex-
ecutive functioning could therefore not be included, which 
may have been worthwhile with regard to implications for 
intervention. Third, like in other studies, we were limited to 
parents who gave their informed consent. For the purpose 
of retrospective database research we advise rehabilitation 
centres to enable the anonymous use of data by including 
information and a consent form in their standard proce-
dures. Subtype studies should ideally also provide infor-
mation about aetiology and presence of comorbidity.19 The 
groups in our study did not differ on demographic or clinical 
variables, such as perinatal characteristics like birthweight 
and gestational age. Interestingly, it was noted that children 
in clusters 1, 3, and 4 often had to repeat their school year 
(21.2– 44%). These percentages are much higher than the na-
tional figure in the Netherlands (max 13%),20 and demon-
strate the high incidence of comorbid learning difficulties in 
these children as well as the need to provide these children 
with the necessary support early in their school career to 
prevent class repeating.

Our results show viable subtypes of DCD, which have 
implications for our understanding of the disorder and its 
clinical management. Our study revealed two clusters with 
a broad motor skill problem: one with relatively preserved 
visual- motor integration and Beery- MC skills, and another 
with abnormal ball skills, balance, and Beery- MC skills. 
A third cluster with more specific gross- motor problems, 
and a fourth with relatively preserved ball skills, but low 
Beery- MC and performance IQ, were identified. For clinical 
practice, our results should alert clinicians to the more com-
mon performance profiles across motor, cognitive, and per-
ceptual function. Clinical assessment should cover the full 
spectrum of motor, cognitive, and perceptual performance 
to reveal the personal strengths and needs of a child, and 
to enable individually tailored interventions. Specifically, 
children in cluster 2 may benefit solely with the help of a pri-
mary care physiotherapist, while children in clusters 1 and 
3 (having more broad motor problems) are likely to require 
the help of the multidisciplinary care team in a specialized 
rehabilitation centre. In addition, assessment and treatment 
of children in cluster 4 could be optimized by the help of 
an occupational therapist and more in- depth assessment of 
their visual perception skills. Future research is warranted 
to provide more detailed information on the possible longer- 
term differences in outcome for the children in each cluster. 
Indeed, a comprehensive assessment should be conducted 
in cases where there is any suspicion of difficulty, if only to 
then set up task- oriented interventions that target specific 
performance issues (i.e. early identification and interven-
tion). To investigate the differential effects of intervention, 
it is important to identify the type and frequency of use 
of intervention techniques. For instance, the type and fre-
quency of strategy use during a cognitive orientation to daily 
occupational performance (CO- OP) approach intervention 
has been suggested to be important in relation to individual 
treatment effects.6 Finally, to ascertain whether these sub-
types are defined by unique neurocognitive profiles/mech-
anisms as well, neuroimaging studies are recommended in 
the future to clarify aetiology.
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