ResearchGate

See discussions, stats, and author profiles for this publication at:

Motor performance of children with mild
intellectual disability and borderline
intellectual functioning

Article /7 Journal of Intellectual Disability Research - November 2010

Impact Factor: 2.41 - DOI: 10.1111/j.1365-2788.2010.01318.x - Source: PubMed

CITATIONS READS
38 760

4 authors, including:

@ VU University Amsterdam a University of Groningen

24 PUBLICATIONS 239 CITATIONS 49 PUBLICATIONS 701 CITATIONS

SEE PROFILE SEE PROFILE

Available from: Esther Hartman
Retrieved on: 10 May 2016


https://www.researchgate.net/publication/46379806_Motor_performance_of_children_with_mild_intellectual_disability_and_borderline_intellectual_functioning?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_2
https://www.researchgate.net/publication/46379806_Motor_performance_of_children_with_mild_intellectual_disability_and_borderline_intellectual_functioning?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_1
https://www.researchgate.net/profile/Pieter_Vuijk?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_4
https://www.researchgate.net/profile/Pieter_Vuijk?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_5
https://www.researchgate.net/institution/VU_University_Amsterdam?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_6
https://www.researchgate.net/profile/Pieter_Vuijk?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_7
https://www.researchgate.net/profile/Esther_Hartman2?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_4
https://www.researchgate.net/profile/Esther_Hartman2?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_5
https://www.researchgate.net/institution/University_of_Groningen?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_6
https://www.researchgate.net/profile/Esther_Hartman2?enrichId=rgreq-7ebf4e27-886a-4ea5-9f38-98db48f71f96&enrichSource=Y292ZXJQYWdlOzQ2Mzc5ODA2O0FTOjEwMjAwNjUyMTg2MDEwM0AxNDAxMzMxNjU4NDQx&el=1_x_7

955

Journal of Intellectual Disability Research

]I DR Published on behalf of mencap and in association with IASSID

Journal of Intellectual Disability Research

doi: 10.1111/5.1365-2788.2010.01318.x

VOLUME 54 PART II pPp 955-965 NOVEMBER 2010

Motor performance of children with mild intellectual

disability and borderline intellectual functioning

P. ). Vuijk,' E. Hartman,' E. Scherder? & C. Visscher'

I Center for Human Movement Sciences, University Medical Center Groningen, University of Groningen,

the Netherlands

2 Chinical Neuropsychology, VU University, Amsterdam, the Netherlands

Abstract

Background There is a relatively small body of
research on the motor performance of children with
mild intellectual disabilities (MID) and borderline
intellectual functioning (BIF). Adequate levels of
motor skills may contribute to lifelong enjoyment of
physical activity, participation in sports and healthy
lifestyles. The present study compares the motor
skills of children with intellectual disability (ID) to
the abilities observed in typically developing chil-
dren. It also aimed to determine whether there is
an association between degree of ID and motor
performance.

Methods A total of 170 children between 7 and 12
years old with MID or BIF, who attended schools
for special education, were examined on the test
component of the Movement Assessment Battery
for Children (MABC) test. Both groups were com-
pared with the norm scores of the total score, sub-
scale scores and individual items of the MABC test.
Results  Of the children, 81.8% with MID and
60.0% with BIF performed below the 16th percen-
tile on the total score of the MABC. Both groups

Correspondence: Mr Pieter Jelle Vuijk, Center for Human Move-
ment Sciences, University Medical Center Groningen, University
of Groningen, Antonius Deusinglaan 1, 9713 AV Groningen, the
Netherlands (e-mail: p.j.vuijk@med.umcg.nl).

demonstrated a relative weakness in the area of
manual dexterity. Comparisons between both
groups showed small to moderate effect sizes on the
total score of the MABC, as well as for all three
sub-scales, favouring the children with BIF.
Conclusions Children with ID had significantly
more borderline and definite motor problems than
the normative sample and there was an association
between degree of ID and performance of manual
dexterity, ball skills and balance skills. This study
highlights the importance of improving motor skill
performance in both children with borderline and
mild ID, and the results support the notion that the
level of motor and cognitive functioning are related
in children with ID.

Keywords atypical brain development, borderline

intellectual functioning, mild intellectual disability,

motor performance, Movement Assessment Battery
for Children

Introduction

The American Association on Intellectual and
Developmental Disorders (formerly known as
American Association on Mental Retardation)
defines intellectual disability (ID), previously
referred to as mental retardation, as ‘characterized

© 2010 The Authors. Journal of Intellectual Disability Research © 2010 Blackwell Publishing Ltd
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by significant limitations both in intellectual func-
tioning and in adaptive behavior expressed in con-
ceptual, social, and practical adaptive skills. This
disability originates before the age of 18.” (Schalock
et al. 2007, p. 118). Pratt & Greydanus (2007)
elaborated on this definition by stating that indi-
viduals with ID have limitations in developmental
skills in several domains of functioning including
cognitive, motor, auditory, language, psychosocial,
moral judgment and specific integrative adaptive
activities of daily living. Even though deficits in
motor functioning are mentioned above, there is
surprisingly little research in this domain on indi-
viduals with ID, particularly children with ID. When
considering that adequate levels of motor skills may
contribute positively to activities of daily living
(Watkinson et al. 2001), lifelong enjoyment of physi-
cal activity, participation in sports (Wall 2004;
Krombholz 2006) and less sedentary behaviour
(Wrotniak er al. 2006), it is important that motor
functioning in children with ID is examined.

Previous research has focused mostly on ID with
a known aetiology, such as Down syndrome (i.e.
Vicari 2006), Williams syndrome (i.e. T'sai ez al.
2008) and children with a more profound ID (i.e.
Van der Putten er al. 2005), but not on children
with a mild intellectual disability (MID), defined as
children with an intelligence quotient (IQ) score
between 50 and 70 (American Psychiatric Associa-
tion 2000). This limited body of research is particu-
larly striking considering that the estimations of the
prevalence of MID is around 3.4% (Roeleveld ez al.
1997).

Some early research, that focused on children
with MID, showed delays in the development of
motor skills (Francis & Rarick 1959; Rarick 1973;
Bouffard 1990). For example, children with MID
appear to be 3—5 years behind in gross and fine
motor skills in comparison with typical functioning
children of the same age (Rarick 1973). Hagberg
et al. (1981) found that 23% of the children in a
group of Swedish school children with MID were
identified with ‘clumsy child syndrome’ (a former
term for children with motor impairment; i.e. Sig-
mundsson 2005). Savage (2007) examined a group
of children with ID (IQ < 70) on two motor tasks
from the dyslexia screening test (Fawcett & Nicol-
son 1996). The first motor task was bead threading
that was used as a measure of dynamic cerebellar

functioning and the second task was postural stabil-
ity that was used as a measure of static cerebellar
functioning. The scores for children with ID were
below the normative scores on bead threading but
not on the postural stability task. The lack of effect
in the second task may be attributed to the fact that
the postural stability task is a qualitative measure
of balance, which may very well differentiate less
compared with the more quantitative measure of
fine motor skills found in bead threading. More
recently, Wuang ez al. (2008) examined a total of
233 children with MID aged 7-8 years on 22 mea-
sures of sensorimotor functioning. Around 44% of
the children scored in the impaired range on seven
out of 22 measures.

The limited body of research on motor perfor-
mance in children with MID also applies to chil-
dren with borderline intellectual functioning (BIF),
which includes children with an IQ between 71
and 84 (American Psychiatric Association 2000).
Although this is a significantly large group of chil-
dren, comprising up to 7% of the school age popu-
lation (Karande ez al. 2008), there is similarly little
research in this area (Ninivaggi 2001; Kaznowski
2004), and little research specifically on children
with BIF and their motor functioning. Two studies
have addressed motor functioning in children with
BIF (Hetrick 1979; Karande ez al. 2008). In the
former study, children with BIF performed poorly
compared with typically functioning peers of the
same chronological age on the Bender visual-motor
task (Koppitz 1964). In the latter study, of a group
of 55 children with BIF, 27.3% showed delays in
walking and 92.7% demonstrated difficulty with
writing.

All the studies above compared a group of intel-
lectually disabled individuals against the norms of
the general population, a sample of individuals
whose intellectual function is within normal limits
or typically functioning individuals with an isolated
learning disability (LD). Considering the relatively
small body of research on motor functioning of
children with ID, we wanted to explore two new
approaches. First, we compared two groups of chil-
dren who are adjacent to each other in the spec-
trum of intellectual functioning, one with MID and
the other with BIF, with the norms of the general
population. These groups of children with slightly
different intellectual functioning were assessed on

© 2010 The Authors. Journal of Intellectual Disability Research © 2010 Blackwell Publishing Ltd
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all eight items of the MABC thus creating a broad
view of their status of motor development. Second,
the groups were compared with each other in an
attempt to get an insight into potential differences
in motor development between these two groups.
In typically developing individuals a relationship
between the acquisition of motor milestones and
subsequent cognitive functioning at the ages 8, 26
and 53 has been observed (Murray ez al. 2007).
Murray er al. suggested that the mechanism explain-
ing their results was a suboptimal cortical—
subcortical connectivity. Another study, by Reiss

et al. (1996), also suggested a relationship between
cognitive functioning and particular brain areas.
Using a brain imaging study, they found that IQ
was positively correlated with cerebral volume in
children, in particular with cortical grey matter in
the prefrontal region of the brain. Based on their
results, we expected to find a difference in motor
development between the MID and BIF group
favouring the latter group. A possible difference in
motor functioning between children with MID and
BIF would suggest an extension of the atypical
brain development (ABD) concept by Kaplan ez al.
(1998). ABD is a conceptual framework for under-
standing developmental LLDs and its high co-
morbidity with other developmental disorders, such
as developmental coordination disorder (DCD),
pervasive developmental disorder — not otherwise
specified (PDD-NOS) and attention deficit hyper-
activity disorder (ADHD), by claiming that the

aetiology of developmental disorders is an atypical
functioning of the brain. At this time, ID is not
included in this framework. A lower degree of intel-
lectual functioning would mean a higher degree of
motor impairment. In order to examine these
hypotheses using an ecologically valid sample with
regard to variety in intelligence and co-morbidity
we recruited children from two elementary schools
for special education.

Methods
Participants

We recruited 190 children with ID from two
elementary special needs schools in the northern
regions of the Netherlands. Twenty children who
were ill during the measurements and children
without informed consent from their parents were
excluded. The final study population included 170
children aged 7-12 (109 boys, 61 girls; mean age
10.0 years, standard deviation 1.4 years) (Table 1).
1Q scores, extracted from the personal files of the
children, were used to classify the children into
MID (50 = IQ = 70, n =55) and BIF groups

(71 = 1Q = 84, n = 115) according to the Diagnostic
and Statistical Manual of Mental Disorder IV Text
Revision (American Psychiatric Association 2000).
Forty-four children across both groups were also
diagnosed with PDD-NOS and 30 children with
ADHD. The groups did not statistically differ from

Table | Characteristics of the children

MID BIF with mild intellectual disability (MID)
(n=55) (n=115) Test statistic and borderline intellectual functioning
(BIF)
Mean (SD) Mean (SD) t (168) P-value
Age 9.93 (1.41) 10.06 (1.37) 0.59 0.56
IQ 65.27 (4.56) 77.38 (4.12) 17.32 <0.001
Frequencies  Frequencies %
Gender (boys/girls) 35/20 74/41 0.01 0.93
ADHD (yes/no) 6/49 24/91 2.54 0.11
PDD-NOS (yes/no) 14/41 30/85 0.01 0.93

ADHD, attention deficit hyperactivity disorder; IQ, intelligence quotient; PDD-NOS, per-

vasive developmental disorder — not otherwise specified; SD, standard deviation.

© 2010 The Authors. Journal of Intellectual Disability Research © 2010 Blackwell Publishing Ltd
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each other on age, gender, % ADHD or % PDD-
NOS. Informed consent for the children’s participa-
tion was obtained from the parent(s) and all
procedures were in accordance with the ethical
standards of the Faculty of Medical Sciences of the
University Medical Centre Groningen, University
of Groningen.

Materials

In order to assess motor performance, the test com-
ponent of the Movement Assessment Battery for
Children (MABC; 1st edition) was applied (Hend-
erson & Sugden 1992). We used the MABC as it is
a standard exam used worldwide for the evaluation
of children with movement difficulties (Smits-
Engelsman ez al. 1998, 2008). Smits-Engelsman

et al. (1998) showed that the norms of the MABC
are satisfactory for Dutch children. In this study,
the Dutch validated version was used (Smits-
Engelsman 1998).

The MABC consists of four age-related item sets
(46, 7-8, 9—10 and 11-12 years). Each age band
consists of eight items, which are assessed under the
following sub-scales: manual dexterity (three items),
ball skills (two items) and static and dynamic
balance (three items). Some items are performed
with the preferred hand as well as the non-preferred
hand. Hand preference can be defined as the hand
the child uses for writing (Henderson & Sugden
1992). Each item is scored on a scale from o to 5.
Summing the item scores for every subtest provides
a sub-scale score. The manual dexterity score varies
from o to 15; the ball skill subtest score from o to
10; and the static and dynamic balance subtest
score from o to 15. Sub-scale scores can be
summed to give a total score for motor develop-
ment ranging from o to 40. High scores indicate
poor motor performance.

The total score on the MABC, as well as the sub-
scale scores and item scores were converted into
percentile scores that reflected the child’s level of
performance in comparison with children in the
normative population. Children with a score
between the 100th and 16th percentile were
regarded as having ‘no motor problems’, 15th to 6th
percentile as having ‘borderline motor problems’
and the sth percentile and below as having ‘definite
motor problems’.

The MABC has acceptable validity and reliabil-
ity in children from regular schools and schools
for special education (Henderson & Hall 1982;
Lam & Henderson 1987; Van Waelvelde ez al.
2004). Inter-rater reliability ranges from 0.70 to
0.89 and the test—retest reliability is 0.75 (Hender-
son & Sugden 1992). The MABC has been used
in a wide range of study populations, such as chil-
dren with Down syndrome (Spano et al. 1999),
children with LDs (Van Waelvelde er al. 2004),
children born prematurely (Jongmans ez al.

1997), deaf children (Gheysen ez al. 2008) and
children with visual impairments (Houwen ez al.
2008).

Procedure

The items of the MABC were administered indi-
vidually by master students in Human Movement
Science. The test leaders were thoroughly trained
in the test before the data collection (training
included familiarisation with all procedures and
scoring methods). MABC testing was carried out
according to the manual of this test. Appropriate
age bands were used for all children. Within the
MID group 12 children completed the items of
age band 2, 17 children the items of age band 3
and 26 children the items of age band 4. Within
the BIF group, 16 children completed the items of
age band 3, 52 children completed the items of
age band 3 and 47 children completed the items
of age band 4. There was no statistical difference
in the distribution of the children over the three
different age bands across groups ()}’ = 3.64;
P=o0.16).

Data analysis

Data analysis was conducted using sprss for
Windows 15.0. The motor performance of the chil-
dren was classified as ‘no motor problems’, ‘border-
line motor problems’ (below the 15th percentile) or
‘definite motor problems’ (below the 5th percentile)
in comparison with the percentage expected in a
normal population. This was done for the total
score and the sub-scales of the MABC as well as
for the individual items. The distribution of the
classifications in our sample was tested by use of a
x>-test. To examine the difference on motor perfor-
mance between the children with MID and children

© 2010 The Authors. Journal of Intellectual Disability Research © 2010 Blackwell Publishing Ltd



959

Journal of Intellectual Disability Research

VOLUME 54 PART II NOVEMBER 20I0

P. J. Vuijk ez al. » Motor performance of children with intellectual disabilities

Table 2 Motor profile of children with MID (n = 55) and BIF (z = 115) on the total score, the sub-scales and the separate items of the MABC
compared with the distribution of the normative sample

No motor Borderline motor  Definite motor
problems (%) problems (%) problems (%) ) P-value

Total MABC

MID 18.2 20.0 61.8 389.50 <0.001

BIF 40.0 17.4 42.6 359.00 <0.001
Manual dexterity

MID 29.1 18.2 52.7 27448  <0.001

BIF 43.5 14.8 41.7 33640 <0.001
Speed and accuracy of each hand separately

MID 27.3 47.3 25.5 144.00  <0.001

BIF 383 29.6 322 24341  <0.001
Bimanual coordination

MID 49.1 16.4 345 106.59  <0.001

BIF 73.0 9.6 17.4 3727  <0.001
Eye—hand coordination

MID 327 23.6 43.6 192.11  <0.001

BIF 42.6 243 33.0 228.87  <0.001
Ball skills

MID 36.4 27.3 364 139.92  <0.001

BIF 55.7 243 20.0 87.08 <0.001
Catching a moving object

MID 52.7 25.5 21.8 50.99 <0.001

BIF 713 1.3 17.4 38.05  <0.001
Aiming at a goal

MID 50.9 29.1 20.0 5232  <0.001

BIF 64.3 22,6 13.0 3893  <0.001
Balance

MID 36.4 345 29.1 11228  <0.001

BIF 55.7 20.9 23.5 103.77  <0.001
Static balance

MID 27.3 45.5 27.3 145.27  <0.001

BIF 348 40.9 243 229.80 <0.001
Dynamic balance while moving fast

MID 30.9 345 345 148.09  <0.001

BIF 43.5 322 243 165.97  <0.001
Dynamic balance while moving slowly

MID 72.7 12.7 14.5 11.41 0.003

BIF 82.6 6.1 1.3 10.98 0.004

BIF, borderline intellectual functioning; MABC, Movement Assessment Battery for Children; MID, mild intellectual disability.

with BIF, the non-parametric Mann—Whitney

U-test was used. Correlational effect size statistics

were calculated for each dependent variable by

dividing the z-score by the square root of the
sample size (Rosenthal 1991). An effect size of
r=0.10 was defined as small, r = 0.30 as medium
and r = 0.50 as large (Field 2005). For all analyses,
a statistical significance level of 0.05 was used.

Results

Motor profile of children with MID on the total

and sub-scale scores of the MABC

The y>-tests in Table 2 revealed that the proportion
of children with MID with borderline or definite
motor problems differed significantly from the
normative population. It shows that 20.0% of the

© 2010 The Authors. Journal of Intellectual Disability Research © 2010 Blackwell Publishing Ltd
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Table 3 Comparisons of children with mild intellectual disability (MID) and borderline intellectual functioning (BIF) on the total and

sub-scale scores of the MABC

MID (n=55) BIF (n=115)
Total score and
sub-scales Mean SD Median Range Mean SD Median Range z P Effect size
Total MABC 1713 795 15 4-36.50 1341 827 12 0-38 -2.96 0.003 0.23
Manual dexterity 730 377 65 0.50-15 594 38l 5.50 0-1450 -2.14 0.032 0.16
Ball skills 368 294 3 0-10 263 28l 2 0-10 -2.43 0015 0.19
Balance 6.5 374 55 0-15 484 344 4 0-15 -226 0.024 0.17

MABC, Movement Assessment Battery for Children; SD, standard deviation.

children with MID had borderline motor problems
and 61.8% had definite motor problems as mea-
sured by the total score on the MABC. Examina-
tion of the sub-scales showed that 70.9% of the
children had borderline or definite motor problems
on the sub-scale manual dexterity and 63.6% of the
children on the sub-scales ball skills and balance.

Motor profile of children with BIF on the total
and sub-scale scores of the MABC

Children with BIF also had a motor profile that
differed from the normative sample as indicated by
the y>-tests in Table 2, with 17.4% of the children
had borderline motor problems and 42.6% had
definite motor problems as indicated by the total
score on the MABC. Examination of the sub-scales
showed that §6.5% of the children had borderline
or definite motor problems on the sub-scale manual
dexterity and 44.3% of the children on the sub-
scales ball skills and balance.

Motor profile of children with MID on the item
scores of the MABC

Within the sub-scale manual dexterity, the items
‘speed and accuracy of each hand separately’ and
‘eye—hand coordination’ showed more children with
borderline or definite motor problems, respectively,
72.7% and 67.3%, compared with 50.9% of the
children on ‘bimanual coordination’ (Table 2).
Within the sub-scale ball skills, 47.3% and 49.1% of
the children had borderline or definite motor prob-
lems on the items ‘catching a moving object’ and
‘aiming at a goal’.

Finally, on the sub-scale static and dynamic
balance, 72.7% and 69.1% of the children had
borderline or definite motor problems on ‘static
balance’ and ‘dynamic balance (fast)’ and 27.3%
of the children on the item ‘dynamic balance
(slow)’.

Motor profile of children with BIF on the item
scores of the MABC

Within the sub-scale manual dexterity, the items
‘speed and accuracy of each hand separately’ and
‘eye—hand coordination’ showed more children with
borderline or definite motor problems, respectively,
61.7% and 57.4%, compared with 27.0% of the
children on ‘bimanual coordination’ (Table 2). On
the items of the sub-scale ball skills 28.7% and
35.7% of the children demonstrated borderline or
definite motor problems with ‘catching a moving
object’ and ‘aiming at a goal’.

Finally on the sub-scale static and dynamic
balance, 65.2% and 56.5% of the children had bor-
derline or definite motor problems on, respectively,
‘static balance’ and ‘dynamic balance (fast)’ and
17.4% of the children on the item ‘dynamic balance
(slow)’.

Comparisons between children with MID and BIF
on total and sub-scale scores of the MABC

Table 3 shows that children with MID scored sig-
nificantly higher (i.e. more poorly) than children
with BIF for the total score on the MABC

(P =0.003, r=0.23), manual dexterity (P = 0.032,

r = 0.16), ball skills (P = 0.015, r=0.19) and balance

© 2010 The Authors. Journal of Intellectual Disability Research © 2010 Blackwell Publishing Ltd
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(P =0.024, r=0.17). The effect size statistics indi-
cated small-to-moderate effects.

Discussion

The present study consisted of two parts. First, we
investigated the degree of motor impairment in
children with MID and children with BIF (all
attending schools for special education) compared
with the normative population. Second, we searched
for differences between children with MID and
children with BIF on motor performance. The first
part of the study showed that after combining the
percentages of the children with borderline motor
problems and definite motor problems, 81.8% of
the children with MID had some degree of motor
problems as compared with 60.0% of the children
with BIF. These percentages are considerably higher
than the 50% co-morbidity rates found between
children with LDs and children with DCD (Lyyt-
inen & Ahonen 1989; Kaplan ez al. 2001). In the
Netherlands, children with LDs attend the same
schools of special education as the children in our
sample. This would suggest that schools for special
education should recognise that their students are
not all functioning at the same motor level and
physical education classes may be modified to
address each child at his own level of motor
functioning.

Comparison of the sub-scales of the MABC
showed that manual dexterity was relatively the
most difficult, with 70.9% of the children having
borderline or definite motor problems in the MID
group and 56.5% in the BIF group. The sub-scales
ball skills and balance showed relatively less motor
impairment with 63.6% of the children in the
MID group having borderline or definite motor
problems on both sub-scales against 44.3% of the
children in the BIF group. These results are in
accordance with a study by Wuang ez al. (2008),
which revealed that children with MID had rela-
tively more severe deficits with fine motor skills,
comparable with the manual dexterity sub-scale of
the MABC (Henderson & Sugden 1992), than
with gross motor skills that are comparable with
the sub-scales ball skills and balance of the
MABC. This advantage of gross motor skills over
fine motor skills was frequently found in other

research groups (i.e. DCD and LD, Smits-
Engelsman ez al. 2003). Wuang ez al. (2008) sug-
gested that this is presumably caused by the fact
that fine motor skills exert a greater demand on
the maturity and integrity of the cortical nervous
system, in particular the frontoparietal network
(Davare er al. 2006). Within the manual dexterity
subtest, the children demonstrated more deficien-
cies in ‘speed and accuracy of each hand sepa-
rately’ and ‘eye-hand coordination’ than in
‘bimanual coordination’. It seems that the children
have more problems with accuracy of one hand
than with items that require interlimb coordina-
tion. On the item bimanual coordination, the task
is performed with the preferred hand, while the
other hand is supportive. This may result in an
item that is relatively less cognitively demanding
than the other items of manual dexterity. The item
‘speed and accuracy of each hand separately’, for
example, was also performed with the non-
preferred hand, which appeared to be more diffi-
cult for children with ID. The findings are in
agreement with those of Lahtinen ez al. (2007)
who found that in adolescents and adults with ID
intelligence had a significant effect, favouring those
with higher intelligence, on the test item ‘pearl
transfer speed’, which resembled the item ‘speed
and accuracy of each hand separately’. The
present study provides further evidence that chil-
dren with ID are impaired on specific manual
dexterity items.

Motor performance on the sub-scale ball skills
showed motor problems in 63.6% and 44.3%,
respectively, in children with MID and BIF. Unfor-
tunately, no other comparable studies with similar
samples of children could be found for comparison
of these results. To adequately execute these tasks, a
child must not only rely on his eye—hand coordina-
tion (Binsted ez al. 2001), but also has to plan his
movement and force of throwing, particularly in
reference to the item ‘aiming at a goal’. We there-
fore argue that, based on animal and human
studies, ball skills would rely more on cortico—
subcortical systems. For example, in monkeys the
striatum and its nigrostriatal afferents are involved
in hand—eye coordination (Matsumoto ez al. 1999)
and the striato-nigro-striatal as well as the fronto-
striatal circuits are involved in the planning of
movements (Haber 2003).
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The performance on the sub-scale balance was
quite similar to the performance on ball skills with
63.6% and 44.3%, respectively, of children with
MID and BIF having borderline or definite motor
problems. Examination of the individual items
of the sub-scale balance showed that the item
‘dynamic balance while moving slowly’ did not dis-
criminate very well with 72.7% and 82.6%, respec-
tively, of the children with MID and BIF having
no motor problems. In contrast, the items ‘static
balance’ and ‘dynamic balance while moving fast’
appeared to discriminate very well between the
normal population and children with MID and BIF
with, respectively, 72.7% and 65.2% of the children
having borderline or definite motor problems on
static balance and, respectively, 69.1% and 56.5% of
the children having borderline or definite motor
problems on dynamic balance while moving fast.
These findings are in agreement with those of
Lahtinen er al. (2007) who found impaired static
balance (measured by the stork balance test) in
adolescents and adults with ID. One can only
speculate about the mechanisms underlying this
finding. One such mechanism might be a subopti-
mal functioning of the vestibulocerebellum (Prit-
chard & Alloway 2007).

The second part of our study, the comparison of
two groups of children attending special education
who differed in intellectual functioning, showed
small to moderate effect sizes on motor perfor-
mance as measured by the total score of the MABC
as well as the three sub-scale scores. This could
easily be explained by a brain imaging study by
Reiss ez al. (1996), who found that IQ is positively
correlated with total cerebral volume in children
and in particular with cortical grey matter in the
prefrontal region of the brain. To a lesser extent,
they found a positive correlation between IQ and
subcortical grey matter.

The results discussed above would support the
ABD concept (Kaplan ez al. 1998; Gilger & Kaplan
2001), which is a conceptual framework for under-
standing developmental LLDs and its high
co-morbidity with other developmental disorders,
like PDD-NOS, ADHD and DCD, by claiming that
the aetiology of developmental disorders is due to
atypical functioning of the brain, in multiple ways.
First, children with ID have a higher co-morbidity
rate of ADHD, with prevalence rates between 9%

and 15% (Hastings ez al. 2005), of autism spectrum
disorders, with prevalence rates between 20% and
30% (Nordin & Gillberg 1996; Towbin 1997) and
epilepsy with a prevalence rate of 12% in school-
children with MID (Hagberg ez al. 1981). Second,
the co-morbidity rate increases when the degree of
intellectual impairment increases (i.e. Corbett er al.
1975; Beckung et al. 1997; Di Blasi ez al. 2007).
Third, as the present study shows, children in the
MID group have a higher incidence of motor prob-
lems compared with the group of children with BIF
who are adjacent to the continuum of general cog-
nitive functioning. Fourth, magnetic resonance
imaging research on mild and severe ID with unex-
plained aetiology concluded that people with mild
or severe ID, in comparison with controls, had a
higher incidence of brain anomalies, specifically in
the periventricular white matter, lateral ventricular
dilatation, mild corpus callosum abnormalities and
subtle cerebellar abnormalities including fissure
enlargement (Decobert ez al. 2005). This would
suggest that the concept of ABD, which was origi-
nally developed for understanding the high
co-morbidity between LD and diverse developmen-
tal disorders like ADHD and DCD, should be
expanded to include children with ID (i.e. children
with an IQ score below 85).

An association was found between degree of ID
and motor performance. A limitation of this study,
because of the cross-sectional nature of the study, is
that the results give no insight into the causality of
this association. It is unclear whether better motor
performance leads to higher intelligence, or vice
versa. Future longitudinal studies are needed to
identify the direction of the associations that were
found.

In conclusion, children with ID had significantly
more borderline and definite motor problems than
the normative sample and there was an association
between degree of ID and performance of manual
dexterity, ball skills and balance skills. The study
highlights the importance of improving motor skill
performance in both children with borderline and
mild ID, and the results support the notion that the
level of motor and cognitive functioning are related
in children with ID.

The results of the present study suggest that chil-
dren with ID might benefit from a motor interven-
tion that addresses their motor skills, especially those
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involving manual dexterity and static balance. The
finding that the motor problems are most pro-
nounced in the most intellectually challenged chil-
dren supports the notion that special attention
should be paid to this subgroup of children with ID.
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