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ABSTRACT
Subsets of motor skills proficiency are evaluated based on bilateral coordination, balance,
running speed and agility, upper-limb coordination and strength. This study was designed
to determine the correlation of motor skills proficiency subsets among children with
Down syndrome. Thirty-three participants (N = 33, 23 boys and 10 girls) aged 4-12
years underwent selected motor skills proficiency subtests of the Bruininks-Oseretsky
Test of Motor Proficiency, Second Edition, Short Form. The measurements included
synchronised jumping in place on same side, synchronised tapping of feet and fingers on
same side, walking forward on a line, standing on one leg on a balance beam with eyes
open, one-legged stationary hop, dropping and catching a ball with both hands, dribbling
a ball with alternating hands, knee push-ups, and sit-ups. Running speed and agility were
found to be moderately correlated with upper-limb coordination (» = 0.36, p < 0.05). There
was no significant relationship between gross motor composite of body control (bilateral
coordination subtest and balance subtest) and gross motor composite of strength (running
speed and agility subtest, and strength subtest). The motor skills proficiency parameters
identified in this study will influence the
motor development of children with Down
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INTRODUCTION

Down syndrome (DS) is a medical anomaly
characterised by three copies of chromosome
21 (Pitetti et al., 2013). It is highly associated
with delayed developmental milestones
especially in the motor skills development
(Gupta et al., 2011; Volman et al., 2007;
Wang & Ju, 2002). Physical activities
involving extensive motor skills such as
jumping, influences the developmental
milestones of children with DS. Standing
broad jump is an example of a locomotive
fundamental movement skill (FMS), a
building block of an active lifestyle for
individuals (Gallahue et al., 2006).

Early development of motor skills
proficiency is essential among children
with DS (Capio & Rotor, 2010). Apart
from delayed cognitive and psychosocial
developmental milestones, children with
DS are challenged with delayed motor
skills development due to limitations in
their motor skills proficiency. Focusing
only on the motor control system of the
musculoskeletal system, the delayed motor
development among children with DS is
attributed to joint hyperextensibility and
muscle hypotonia (Capio & Rotor, 2010;
Haley, 1986, 1987; Rast & Harris, 1985;
Wang & Ju, 2002) or specifically poor hip
abductors and knee extensors (Mercer &
Lewis, 2001; Pitetti et al., 2013).

In healthy children, Jiang et al. (2017)
reported that static balance, dynamic
balance, proprioception, and gross motor
development level of locomotor skills
and object control skills increased with
age. However, children with DS have

2466

different development of motor skills. The
performance of most motor tasks during
early childhood favour boys over girls due
to biological and environmental causes
as reported in the meta-analysis study of
gender differences in motor performance
(Thomas & French, 1985). The endocrine
system, physical development, and a child’s
perception of gender role determines their
performance on motor tasks.

Motor developments are analysed using
extensive performance instruments with
functional relevance to the test content.
Referring to the Bruininks-Oseretsky Test of
Motor Proficiency, Second Edition (BOT-2)
(Bruininks & Bruininks, 2005a), motor skills
proficiency is categorised into gross manual
control (upper-limb coordination and
manual dexterity), body control (bilateral
coordination and balance), strength and
agility (running speed and strength), and
fine manual control (fine motor precision
and fine motor integration). Psychometric
studies of the BOT-2 instrument were
conducted according to focused parameters
(Brown, 2019; Carmosino et al., 2014;
Venetsanou et al., 2009). Hasan et al. (2012)
did a study on gross motor development in
Malaysia using a different study instrument;
the Test of Gross Motor Development-2
(TGMD-2) (Ulrich, 2000), which tested
locomotor skills and object control skills in
children with DS. Subtests of motor skills
proficiency such as bilateral coordination,
balance, running speed and agility, upper-
limb coordination, and strength contribute
to the standing broad jump movement
framework.

Pertanika J. Soc. Sci. & Hum. 28 (3): 2465 - 2475 (2020)



Motor Skills Proficiency in Children with Down Syndrome

There is limited research analysing the
motor skills proficiency in children with DS.
Previous studies done on a subset of children
demonstrated that they performed poorly
on motor skills proficiency (Bellows et al.,
2017; Hasan et al., 2012; Westendorp et al.,
2011), including balance, object control
skills (Bellows et al., 2017), and locomotor
skills (Hasan et al., 2012; Westendorp et
al., 2011). Bellows et al. (2017) measured
the motor skills proficiency of typical
developing children with low socioeconomic
status, Hasan et al. (2012) examined the
motor development of children with DS,
and Westendorp et al. (2011) analysed the
motor competence of children with learning
disabilities. In terms of gender comparison,
Hasan et al. (2012) reported that although
there was a strong correlation between
locomotor skills and object control skills,
there was no significant difference between
boys and girls with DS in object control
skills and locomotor skills. On the contrary,
there was significant difference between
typical developing boys and girls in upper-
limb coordination (object control skills) and
running speed and agility (locomotor skills)
(Duger et al., 1999). However, Duger et
al. (1999) found no significance difference
between genders on other motor skills
proficiency subsets such as balance, bilateral
coordination and strength.

This study placed emphasis on motor
skills proficiency assessment among
children with DS using Bruininks-Oseretsky
Test of Motor Proficiency, Second Edition,
Short Form, (BOT-2-SF) (Bruininks
& Bruininks, 2005a), and explored the
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descriptive analysis and correlation of motor
skills proficiency subsets to identify the key
areas of their delayed motor developmental
milestones. It is crucial to establish FMS
or early motor functions to master further
dynamism of motor behaviour. Apart from
environmental conditions, the interactions
between the motor functions and the biology
of individual, such as gender, also affect
motor development (Gallahue et al., 2006).
Therefore, gaining more research evidence
related to fundamental motor development
in children with DS would also improve the
index of the study instrument.

The purpose of this study was to assess
the motor skills proficiency subsets among
children with DS aged 4-12 years in
the Klang Valley using BOT-2-SF. The
difference of genders and their correlation
with motor skills proficiency subsets were
also investigated.

METHODS

This is a cross-sectional study and the
procedures of this study was approved by
the Research Ethics Committee of Universiti
Teknologi MARA (600-IRMI (5/1/6)).

Participants

Thirty-three participants consisting of
children with DS (N = 33); aged between
4 to 12 years old were selected from
institutions for DS in the Klang Valley.
Twenty-three boys with DS with the mean
age of 9.54 £ 2.27 years old and 10 girls
with DS with the mean age of 8.35 + 2.94
years old were recruited for this study. The
sample size corresponded to previous local
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studies of Hasan et al. (2012) and Teng
(2012). The recruited participants healthy
(no chronic diseases), with body mass
index (BMI) in the normal or underweight
category, as calculated through the formula
of participant’s weight in kilogram divided
by the square of height in meters (de Miguel-
Diez et al., 2003). The recruited boys with
DS had a mean BMI of 17.73 + 2.50 kg/m?,
whilst the girls with DS had a mean BMI of
17.76 + 4.25 kg/m?. The selected children
with DS acknowledged their involvement
in the study with prior active consent
from their parents or guardians. They
also screened with the Physical Activity
Readiness Questionnaire for Children
(PAR-Q) (Limerick University Department
of Physical Education and Sport Sciences,
n.d).

Instrumentation

The performance measurements used were
selected subtests of BOT-2-SF in accordance
to the test guidelines. These consisted of nine
motor skills proficiency tests; the evaluation
of body control composite of bilateral
coordination subtest (synchronised jumping
in place on same side, and synchronised
tapping of feet and fingers on same side),
body control composite of balance subtest
(walking forward on a line and standing on
one leg on a balance beam with eyes open),
gross manual control composite of upper-
limb coordination subtest (dropping and
catching ball with both hands, and dribbling
ball with alternating hands), strength and
agility composite of running speed and
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agility subtest (one-legged stationary hop),
and strength and agility composite of
strength subtest (knee push-ups and sits-up).
The study was equipped with apparatus such
as table, chair, paper tape, balance beam,
tennis balls, mat, and measuring tape.

Procedures

The performance measurement testing was
organised into five stations according to the
subtests: Station 1 (bilateral coordination
subtest), Station 2 (balance subtest), Station
3 (running speed and agility subtest), Station
4 (upper-limb coordination subtest), and
final base is Station 5 (strength subtest).

The testers were individuals who
had conducted both the familiarisation
process and evaluation of the performance
measurements on the study participants.
The tester’s evaluation process of the
study instrument was crosschecked
prior to the testing. The familiarisation
process of skill demonstrations and verbal
instructions were standardised according to
the Administration Easel of the Bruininks-
Oseretsky Test of Motor Proficiency, Second
Edition (Bruininks & Bruininks, 2005b).
Each participant was evaluated through
nine performance measurement tests, and
expected to spend about an hour to complete
all five stations.

RESULTS

The performance measurement outcomes
were assessed through the selected BOT-2-
SF subtests. In determining group effect, the
effect size, Cohen d, of the analysed gender
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groups were calculated for each dependent
variable in accordance to Thalheimer and
Cook (2002). The effect size is described
as small if > 0.2 < 0.5, moderate if d > 0.5
< 0.8, and large if d > 0.8 (Cohen, 1988).
Correlation analysis between the motor
skills proficiency subsets were measured
using Pearson correlation coefficient, ». The
correlation coefficient is described as small
ifr>0.10<0.29, medium if »> 0.30<0.49,
and large if » > 0.50 < 1.0 (Cohen, 1988).

Descriptive Categories of Motor Skills
Proficiency

The descriptive ratings of the participants’
performance are presented in Table 1.
The total score was the summation of
the scores of the BOT-2-SF subtests
(bilateral coordination, balance, running
speed and agility, upper-limb coordination,
and strength). Table 1 shows that most
participants performed below average in the
performance measurements of BOT-2-SF
subtests and only 38.2% of them managed to
achieve the best performance at the average
level.

Table 1
Descriptive ratings for participants (N = 33)

Comparison Between Genders on the
Motor Skills Proficiency Subsets

The gender difference on the motor skills
proficiency subsets is shown in Table 2.
The results of this study showed that there
was no statistical significance between
the performance of boys and girls with
DS in the subtests of BOT-2-SF (bilateral
coordination, balance, running speed
and agility, upper-limb coordination, and
strength). Gender difference on motor
skills proficiency subsets of gross motor
composites is shown in Table 3. There was
also no statistical significance between the
performance of boys and girls with DS in
the assessment of BOT-2-SF gross motor
composite of body control and gross motor
composite of strength and agility. All motor
subtests and gross motor composites had
moderate effect sizes except strength subtest
and body control composite, which had
small sizes respectively for gender groups.
The bilateral coordination subtest had a
relatively small effect size (Cohen, 1988).

Total scale score Descriptive category  Total Percentage (%)
point

45-55 Well-Above Average 0

34-44 Above Average 0

23-33 Average 12 38.2

12-22 Below Average 21 61.8

1-11 Well-Below Average 0 0
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Table 2
The gender frequency distribution of the subtests of BOT-2-SF (Nyu = 33)

Boys with DS, Girls with DS, Cohen d
N =23 N=10
M+SD Min-Max M+SD Min-Max
BC 4.26+0.96 3-7 4.55+1.08 3-7 0.14
BA 7.48+1.34 3-8 6.91+1.32 4-8 0.53%
RS 3.13+1.71 0-6 2.00+1.48 0-5 0.58?
ucC 4.52+3.09 0-8 2.60+2.27 0-8 0.67
ST 3.65+1.58 2-7 3.00£1.33 2-6 0.44¢

Note: BOT-2-SF: Bruininks-Oseretsky Test of Motor Proficiency, Second Edition, Short Form; M: mean; SD:
standard deviation; BC: bilateral coordination; BA: balance; RS: running speed and agility; UC: upper-limb
coordination; ST: strength. Effect sizes were calculated by dividing the mean difference between boys and
girls by the pooled standard deviation of both groups. Pooled standard deviation was calculated as the square

root of the pooled estimate of the population variance.
[ SD?= ((Ngoy- 1) x SDgoy) + (Nairi = 1) X SDin)/ (Npoy + Nain)]
“ Cohen d value > 0.8 indicates a large effect size

®Cohen d value > 0.5 < 0.8 indicates a moderate effect size

¢ Cohen d value > 0.2 < 0.5 indicates a small effect size

Table 3

The gender frequency distribution of the BOT-2-SF gross motor composite of body control, gross motor
composite of strength and agility (Nyom= 33)

Boys with DS, Girls with DS, Cohen d
N=23 N=10
M+SD Min-Max M+SD Min-Max
BC 11.74+1.71 7-15 11.20+1.40 8-13 0.34¢
SA 6.78%2.04 2-11 5.20%2.44 3-11 0.75°%

Note: BOT-2-SF: Bruininks-Oseretsky Test of Motor Proficiency, Second Edition, Short Form; M: mean;
SD: standard deviation; BC: body control; SA: strength and agility.

“ Cohen d value > 0.8 indicates a large effect size

®Cohen d value > 0.5 < 0.8 indicates a moderate effect size

¢ Cohen d value > 0.2 < 0.5 indicates a small effect size
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Correlation Within Motor Skills
Proficiency Subtests of BOT-2-SF and
Correlation Between Gross Motor BOT-
2-SF Composite of Body Control and
Composite of Strength and Agility

The correlation between the subset of
motor skills proficiency is shown in Table
4. Only the upper-limb coordination subtest
had a positive moderate association with
the running speed and agility subtest (7 =

Table 4

0.36, p <0.05) and there was no significant
relationship between other motor skills
proficiency subsets. Comparison between
the association of gross motor composite
body control and composite strength and
agility showed that there was no significant
relationship between the composite of body
control and composite of strength and agility
(r=0.16)

Bivariate correlations between BOT-2-SF subtests of bilateral coordination, balance, running speed and agility,

upper-limb coordination, and strength (N = 33)

BC BA RS ucC
BA -0.06
RS -0.24 0.27
ucC -0.17 0.18 0.36%
ST -0.03 0.20 -0.01 0.28
*p < 0.05

Note: BOT-2-SF: Bruininks-Oseretsky Test of Motor Proficiency, Second Edition, Short Form; BC: Bilateral

coordination; BA: Balance; RS: Running speed and agility; UC: Upper-limb coordination; ST: Strength.

DISCUSSION

This study served to determine two
objectives: (i) to compare the subsets
of motor skills proficiency in 23 boys
and 10 girls with DS; (ii) to investigate
the relationship between motor skills
proficiency subsets in the motor skills
proficiency development of children with
DS.

More than half of the participants had
below average results. They scored poorly
on all motor subtests; bilateral coordination
(M =4.30 £ 0.98), balance (M = 7.27 +
1.35), running speed and agility (M = 2.85
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+ 1.68), upper-limb coordination (M = 3.94
+ 2.97), and strength (M = 3.45 £ 1.52).
These motor skills proficiency results
were in agreement with studies done by
Hasan et al. (2012), Bellows et al. (2017),
and Westendorp et al. (2011). Hasan et al.
(2012), who had assessed the gross motor
development of 30 children with DS aged
3-10 years demonstrated that 60% of the
participants did not achieve average level
of gross motor development of TGMD-2,
including poor performance on locomotor
skills (M = 6.03 + 3.34) and average
performance on object control skills (M =
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9.60 £ 3.63). Using BOT-2, Bellows et al.
(2017) who did a longitudinal study, found
that typical developing children with low
socio-economic status scored significantly
low on balance (p = 0.016, N = 226),
with upper-limb coordination (p < 0.001,
N = 227) at the baseline, and even after
a two-year follow up. The mean score of
balance for all participants (N = 175) and
the upper-limb coordination of the control
group (N = 66) were significantly lower
than the normative sample (p <0.001). In a
different study, 104 children with learning
disabilities scored significantly lower on
TGMD-2 of locomotor skills (M = 37.7 +
4.4, p <0.001) and object control (M =34.7
+5.6, p <0.001) (Westendorp et al., 2011).

The poor prevalence of motor
performance in this study confirms poor or
delayed motor development milestone in
children with DS. Their low score in strength,
balance and bilateral coordination suggested
that the children had muscle hypotonia and
poor coordination. The results reflected their
disordered musculoskeletal system with
low muscle tone and symmetry, laxity of
tendons, and instability of articulations on
their delayed motor development (Malak
et al., 2015). It also reported that the
poor motor development was due to the
delayed in the development of the motor
control system of central nervous system.
Therefore, it is thought that these resulted
in the psychomotor development delayed
although children with DS are often scored
by psychologist as being within the mild
to moderate range of mental impairment
(Malak et al., 2013).
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The insignificant finding on gender
performance on the selected BOT-2-SF
motor subtests and BOT-2-SF gross motor
composite was supported by Hasan et
al. (2012). There was also no significant
relationship between gender and locomotor
skills (p = 0.70, N,y = 16, Ngin = 14),
and object control skills (p = 0.96, Ny,
=16, Ngiuw= 14) (Hasan et al., 2012). Our
findings demonstrate the insignificant
biological factor on motor performance
among the study participants, and imply
that environmental factor may play a larger
role in motor development. A local study
on predominantly Malay-Malaysian women
with DS, ranging 1-40 years old with median
age 12.7, attained menarche at median age
of 12.18 years old (Yaacob et al., 2012).
Therefore, the effect of endocrinology on
motor development in children with DS
is inconclusive. However, environmental
factors such as physical conditioning or
intervention may play a role in motor
progression.

The correlation between running speed
agility and upper-limb coordination found
in this study had been further validated by
Hasan et al. (2012) and Westendorp et al.
(2011). Hasan et al. (2012) found a strong
positive association between locomotor
skills (running speed and agility) and object
control skills (upper-limb coordination) (»
=0.608, p = 0.00) when he and colleagues
assessed the gross motor development
of children with DS. Westendorp et al.
(2011) demonstrated a positive relationship
between locomotor skills and object control
skills (» = 0.27, p < 0.01) among children
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with learning disability. Our finding of
the correlation between running speed
and agility with upper-limb coordination
signifies the importance of functional
skills integration of skill-handling while
maintaining body stability and space
orientation. The functional skills of stability,
locomotor skill, and object control skill
involve multiple body segments orientation
and kinematics dynamic during the
performance. Therefore, the correlation of
motor skills proficiency subsets proved that
functional skills integration was required
in the dynamics of motor development of
children with DS. The absence of correlation
among other motor skills proficiency
subtests and gross motor composites may
be due to the group analysis of this study,
as the composite comparison annotates
the individual’s strengths and weaknesses
(Bruininks & Bruininks, 2013).

One of the limitations in this study was
that the sample size was small, which might
have prevented BOT-2 from providing a
more in-depth motor proficiency assessment
corresponding to age and gender. Secondly,
as the data collection was gathered from the
instrument’s scores, maximum performance
may not be attainable. For instance, ball
dribbling without alternating hands was
sufficient to be given a passing score.
Previous motor proficiency studies faced
similar problems when using similar
methods of data collection (Castetbon &
Andreyeva, 2012). This study estimates had
not fully conformed to the study instrument
protocol, due to the resources available.
Therefore, the formal descriptive category
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of study instrument produced was not in
conformance to formal data reporting of
BOT-2-SF and the selected performance
measurements were not framed according
to the standard assessment of BOT-2-SF.

CONCLUSIONS

This study was conducted to measure motor
skills proficiency among children with DS
in the Klang Valley. Most of the children
(61.8%) were lacking in motor competency.
Boys and girls with DS showed no significant
differences in motor proficiency. There was
a positive relationship between upper-
limb coordination, running speed and
agility. With complementary data, a goal-
directed developmental conditioning could
be developed for the motor progression
of children, especially with DS. Future
research should emphasise on the gross
motor training of DS children with specific
focus on strength proficiency with element
of longitudinal progression-conditioning
protocol.
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