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Motor coordination in relation to weight status and age in primary school children in Indonesia
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Resumen. Pocos estudios han evaluado la relacion entre la coordinacion motora y la composicion corporal en nifios. Este estudio
investigo la relacion entre la obesidad, el peso normal y el bajo peso en nifios de 7 a 12 afios de edad en Indonesia. En este estudio, se
evalué la idoneidad del Kérperkoordinationstest Fir Kinder (KTK3+) como herramienta de evaluacion de la coordinacion motora en
986 nifios de primaria (485 nihas, 501 nifios) de la provincia de Riau, Indonesia. Todos los nifios realizaron cuatro subpruebas: barra
de equilibrio (BB), salto lateral (JS), desplazamiento lateral (MS) y coordinacion ojo-mano (EHC). El estado ponderal (bajo peso, peso
normal, obesidad) se clasifico seglin los criterios de la OMS en nifos de 5 a 19 afios de edad. Se ha demostrado que la obesidad infantil
influye negativamente en el rendimiento del KTK3+ (p = 0,001), con algunas influencias causadas por las caracteristicas fisicas, ademas
de las necesidades de coordinacion del cuerpo que causan los efectos mas pronunciados del IMC. El cociente motor (MQ) esta fuerte-
mente relacionado con la edad. En los nifios de peso normal se observo el mismo MQ en todos los grupos de edad (p = 0,400). Mientras
tanto, el rendimiento de la coordinacion motora de los nifios obesos del grupo de mayor edad (de 10 a 12 afios) era mucho mejor que
el del grupo de menor edad (de 7 a 9 afos) (p = 0,001). El estudio descubrio que las deficiencias motoras estaban presentes en el 17%
de los nifios con peso normal, pero aumentaban hasta el 28,1% en los nifios obesos. Nuestros resultados mostraron que las diferencias
en la coordinacion motora asociadas al indice de masa corporal eran mas pronunciadas en los nifios mayores. Aunque se necesitan
estudios longitudinales para consolidar estos hallazgos, se subraya la importancia de priorizar el desarrollo temprano de las habilidades
motoras en los nifios obesos para promover su compromiso con la actividad fisica.
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Abstract. Few studies have assessed the relationship between motor coordination (MC) and body composition in children. This study
investigated the relationships among obesity, normal weight, and underweight in 7- to 12-year-old children in Indonesia. The suitability
of the Kérperkoordinationstest Fiir Kinder (KTK3+) as a MC assessment tool was evaluated in 986 primary school children (485 girls,
501 boys) from Riau Province, Indonesia. All children performed four subtests: balance beam, jumping sideways, moving sideways,
and eye—hand coordination. Weight status (underweight, normal weight, or obese) was classified according to WHO criteria for chil-
dren 5—19 years old. Childhood obesity was shown to negatively impact KTK3+ performance (p = 0.001), with some tests affected
by physical characteristics and the body’s coordination needs causing the most pronounced body mass index (BMI) effects. Motor
quotient (MQ) was strongly related to age. The same MQ was seen in normal-weight children across age groups (p = 0.400). Mean-
while, the MC performance of obese children in the older age group (10—12 years old) was much better than that of the lower age
group (79 years old) (p = 0.001). We found that motor impairments were present in 17% of normal-weight children and 28.1% of
obese children. Our results showed that the differences in MC associated with BMI were more pronounced in older children. While
longitudinal studies are needed to solidify these findings, they underscore the importance of prioritizing early motor skill development
in obese children to promote their engagement in physical activity.
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Introduction

A downward trend in children’s participation in physical
activity (PA) is unfolding in Indonesia, with national data
showing that 57% of children fail to engage in the 60
minutes of daily moderate-to-vigorous PA that is critical for
optimal health and development (Hanifah et al., 2023). The
high prevalence of overweight (20%) and obese (9.2%)
children aged 5—12 in Indonesia highlights the impact of in-
sufficient PA on childhood obesity rates (Sulistiadi et al.,
2023). In particular, socioeconomic disadvantage (specifi-
cally being from a low-income family) is a significant risk
factor for reduced quality of PA, increased prevalence of

obesity, and long-term health disparities (Brian etal., 2019).

Thus, in many low- and middle-income countries, includ-
ing Indonesia with its population of 280 million, there has
been an increase in overweight and obesity (Abay et al.,
2022). Motor coordination (MC) skills are crucial for re-
ducing negative health trends and increasing engagement in
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PA, fitness development, and healthy weight management
(Lima et al., 2019). Early childhood presents a unique win-
dow of opportunity for strengthening core motor skills,
which include the fluidity of locomotor movements (e.g.,
running, jumping, hopping, galloping) and object control
(e.g., catching, throwing, hitting, kicking) (Clark &
Metcalfe, 2002). These skills enable every child to enjoy
play and PA, making this critical period ideal for strength-
ening the foundation for MC that will benefit children
throughout their lives. MC is also essential for a wide range
of functional and goal-directed daily tasks, sports, and lei-
sure activities (Lima et al., 2019). MC reflects the cooper-
ation of the central nervous and musculoskeletal systems in
addition to strength and power (Brian etal., 2018). Recent
research suggests that MC potentially affects children’s
health, with solid evidence of an association between MC
and PA, cardiorespiratory fitness, and weight status
(Schmutz et al., 2020). The association between MC and
weight status should begin to be observed in early childhood
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(5 years of age) and continue through early adulthood
(Eldiasty et al., 2023; Tsuda et al., 2020). The relation-
ship between gross MC and weight status in children aged
6—14 years and 5—12 years was examined cross-sectionally
by Lopes ct al. (2014) and D'Hondt et al. (2011), respec-
tively, who concluded that children with higher MC
scores had lower body mass index (BMI) at ages 5 and 6
years.

The interrelationship between poor MC and physical
inactivity is crucial and especially noticeable in overweight
or obese children. An important aspect of engagement in
PA is participation in daily exercise. Children with move-
ment difficulties (MD) show a paradoxical association be-
tween decreased participation in movement-based activi-
ties (e.g., sports, PA, recreation) and increased engage-
ment in sedentary behaviours. This pattern may poten-
tially increase pre-existing MD by negatively impacting
motor skill development, social interaction, and health
outcomes (Chen et al., 2018; D'Hondt et al., 2011).
Given the increasing worldwide prevalence of childhood
obesity and the association between sedentary lifestyles
and body composition, it is essential to focus on enhancing
MC levels in children with obesity indicated by BMI
(Lopes etal., 2018; Mardiansyah etal., 2023; Wilti etal.,
2022).

The ability to differentiate between reduced motor
skills in obese children is often lacking in available studies
(D'Hondt et al., 2011). Some studies report an effect of
increasing BMI on reduced quality of MC in children and
adolescents (Lopes et al., 2018; Sgro et al., 2019). There
is also some evidence from longitudinal studies that the
level of MC during childhood influences the level of PA in
later years (Lopes et al., 2011). However, there is still
limited research on the issue of obesity as a barrier to PA
across age groups during childhood in Indonesia (Bakhtiar
etal., 2019). It is still unclear whether reported barriers
for obese children differ across developmental periods.
Moreover, body composition in relation to MC for chil-
dren has not yet been studied in depth in Indonesia. In
this study, we assessed MC during childhood using the
modified Kérperkoordinationstest Fiir Kinder (KTK3+)
(Coppens et al., 2021). This is a standardized normative
product-oriented test battery used to assess motor devel-
opment in children aged 5-15 years. A product-oriented
test is a method from the motor development literature
that tests the outcome or product of a motor skill, such as
the number of jumps or ability to catch a ball (Bardid,
2016).

Thus, the present study aimed to examine the differ-
ences in MC performance of underweight, normal-weight,
and obese children and the differences between boys and
girls and children of different ages. We hypothesized that
children with obesity might have lower motor skills than
children of normal weight, which prompted us to examine
this potential association. Furthermore, differences were
also expected between younger and older children due to
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the relationships among motor (in)competence, obesity,
and physical (in)activity.

Materials and Methods

Participants

A large-scale project (Yayasan Sckora) was established
to analyze the motor and physical performance problems of
primary school children in Indonesia. The study was ap-
proved by the local ethics committee and by the first au-
thor’s institution, Universitas Negeri Padang. Participants
were 7-to 12-year-old children (n = 986), 485 girlsand 501
boys, from Riau Province, Indonesia. Written informed
consent was obtained from the parents of each child.

Measurements

Accurate measurements of participants’ height and
weight were obtained using standardized procedures.
Heights were obtained using a microtoise/stadiometer with
an accuracy of 0.1 cm, while weights were collected using
calibrated scales with an accuracy of 100 g. To evaluate the
weight status of all participants, BMI was calculated (BMI =
weight (kg)/height (m)?). The children in this study were
then categorized according to WHO guidelines for children
5—19 years old, allowing further analysis of weight-related
trends within this age group.

The KTK3+ is a modified version of the KTK developed
by Kiphard and Schilling (1974) with 1,228 German chil-
dren aged 5-15 years. The original KTK consisted of jump-
ing sideways (JS), moving sideways (MS), balance beam
(BB), and hopping for height (HH). The objective was to
examine data from children without motor and/or health-
related problems. The reason for modifying the original
KTK to KTK3+ was that the HH test is often omitted from
the original KTK test protocol in more recent studies due
to time constraints and/ or safety reasons, particularly when
applied to children and adolescents (Coppens et al., 2021).

In this study, KTK3+ consisted of four test items, all of
which required good coordination of the whole body: (1)
walking backwards on three BBs of decreasing width: 6 cm,
4.5 cm, and 3 cm; (2) MS on a wooden board for 20 seconds
twice; (3) JS with two feet from one side to the other for
15 seconds twice; and (4) testing eye—hand coordination
(EHC) by measuring the total number of ball catches over
two attempts of 30 seconds each.

Data Analysis

Statistical analysis was conducted using IBM SPSS soft-
ware version 24 for Windows. A significance level of p <
0.05 was adopted to standardize all analyses. Furthermore,
the anthropometric variables, MC, raw KTK3+ and motor
quotient (MQ) scores were analyzed descriptively (Mardi-
ansyah etal., 2023). MANOVA for MC measures was con-
ducted to investigate the effects of age (79 and 10-12 years
old), body weight status (underweight, normal weight, or
obese), and gender. The significant interactions and main
effects were further analyzed using Bonferroni post hoc tests
or pairwise comparisons. A group’s effect size was assessed
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using partial eta squared (Np?) with standardized interpre-
tation guidelines (0.01 for a small effect, 0.06 for a medium
effect, and 0.14 for a large effect).

Table 1.

’ Kérperkoordinationstest Fiir Kinder (KTK3+)

Balance Beam Jumping Sideways Moving Sideways
(BB) (BB) (MS)

(EHC)

Eye-hand Coordination

Raw Score

Normalization

Motor Quotient
MQ)

Figure 1. KTK3+ test including four items (Mardiansyah et al., 2023).

Motor coordination of the children based on KTK3+ was categorized based on the total raw data score to Motor Quotient (MQ) (Coppens etal., 2021; D’Hondt et al.,

2011, Pion, 2015)

Total MQ KTK3+

Percentile rank

Motor coordination level

<70 <3 percentile Severe motor coordination impairment
71 -85 3rd_ 15t percentile Moderate motor coordination impairment
86— 115 160 — 84t percentile Normal motor coordination
116 — 130 85t 98”‘pcrccmi]c Good motor coordination
131 - 145 99t 100" percentile High motor coordination

Results

Descriptive statistics of the anthropometric characteris-
tics for underweight, normal-weight, and obese children
are presented in Table 2. Table 3 provides the descriptive
statistics of the raw performance scores of the KTK3+y,
KTK3+y5, KTK3+ys, and KTK3+gyc, as well as the 1o
taiMQ KTK3+. Meanwhile, Table 4 shows the F-values
based on the MANOVA. The differences in MC related to
BMI were mainly by age group (BMI X AGE interaction).
A multivariate interaction effect for KTK3 g (FinteracTion

=4.24, p <0.05) showed no differences in balance perfor-

mance among underweight, normal-weight, and obese chil-
dren aged 7-9 years (p > 0.05). Furthermore, underweight
participants scored higher than other BMI groups at ages
10—12 years (p < 0.05), while balance skills were more
dominant in normal-weight than obese children (p < 0.05).
Despite exceeding the absolute balance performance scores
of 10- to 12-year-olds, the scores of younger obese children
(7-9 years) were not statistically significantly better (p >
0.05). In addition, obese children in both age groups (79
and 1012 years) showed similar balance abilities, as as-
sessed by KTK3+yy, with no statistically significant differ-
ences detected (p > 0.05).

Table 2.
Descriptive statistics of age and gender of children with mean and standard deviation of body mass index (BMI)
. Boysn = 501 Girls n = 485
Age group ‘tﬁ;::i‘;::tt:: uw NW OB uw NW OB
) n = 369 n=9% n =20 n =378 n =88 n=38
Height (cm) 131.5+8.2  132.8+6.4 134.3+£5.4 131.6 £9.4 128.9+6.4 125.5£2.5
7-9 years Weight (kg) 25.2+47 36.8 4.5 48.4%2.3 25.6+4.5 33.6%£5.0 40.6£2.5
BMI (kg/m?) 14.5£2.0 20.8+1.3 269+1.8 14.7£1.7 20.1+1.4 25.8+2.6
Height (cm) 141.4+8.0  143.9£8.9 148.9+7.8 142.1£9.0 146.7£6.0 147.2+7.1
10-12 years Weight (kg) 29.8%+5.3 42.2+6.3 57.2+£8.4 39.9+5.7 43.7£4.0 55.7+7.4
BMI (kg/m?) 14.9£2.0 20.3£1.3 25.7£2.3 14.7+£2.1 20.3+1.2 25.7+3.1

BMI: Body mass index

For KTK3+s (Finreraction = 0.41, p = 0.946), no sta-
tistically significant differences were found among under-
weight, normal-weight, and obese children. Furthermore,
no significant BMI X AGE interaction was found in girls or
boys (Famix age = 1.092, p = 0.319). The main effect of BMI
(Fswi = 3.00, p < 0.001) showed that normal-weight girls
performed better on side jumps than their obese peers (p =
0.009), while underweight girls performed better than the
other two BMI groups (p < 0.05). In addition, another main
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effect was observed in the age group (Fage = 2.90, p <
0.001): a significant increase in lateral jumping was seen in
the older age group of girls (p < 0.001). Furthermore, no
statistically significant BMI X AGE interaction was found in
KTK3+ys, but there were significant differences among
groups for BMI (Fgyy = 2.92, p < 0.05), gender (Fgenper =
10.51, p <0.001), and age (Fage = 3.43, p < 0.05). How-
ever, KTK3+ys scores were similar between underweight
and normal-weight children (p = 0.104).
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Table 3.
KTK3+ performances (mean + standard deviation) in underweight (UW), normal weight (NW), and obese (OB) boys and girls stratified by age
Boysn = 501 Girlsn = 485
Age group  KTK3+ variables uw NW OB uw NW OB
n =369 n=9% n=20 n=378 n=88 n=38
KTK3+g 61.0x11.3 57.8+10.6 53.0+7.0 60.71£11.0 62.61£10.2 59.0+18.3
KTK3+5 48.8£13.9 49.5£10.0 46.7112.7 45.5+12.1 38.7+12.5 35.0+12.7
7-9 years KTK3+us 38.2+7.2 36.2%8.1 30.7+8.3 343175 33.9+10.1 33.0%+4.2
KTK3+gne 8.4%6.6 11.8+6.6 11.0+5.3 4.5+49 7.0+7.4 6.513.5
torar MQ KTK3+ 99.99 +15.03 100.01 £ 14.98 100.02 + 15.03 99.98 +15.01 100.01 +15.03 100.0£15.0
KTK3+gp 64.5+9.7 60.5+13.0 54.31+14.9 62.7+11.3 56.6+14.3 48.3+£16.7
KTK3+5 56.9%+12.9 51.6+12.8 49.5+£12.6 52.8%+11.5 51.1£11.9 45.7£11.5
10-12 years KTK3+us 44.41+10.7 41.7+£7.7 40.9+7.2 38.3%£10.0 37.6%6.1 31.6%+10.8
KTK3+guc 16.0£6.7 14.4+6.2 17.7+6.8 10.2+6.6 10.0+6.7 12.0+5.7
torar MQ KTK3+ 100.0 £15.0 100.01 £ 15.01 100.0 £15.0 100.02 +15.01 100.0 £15.02 100.0 £15.02

KTK3+: Kérperkoordinationstest fiir Kinder (3+)

Both the underweight and normal-weight groups per-
formed better than the obese group (p < 0.05). A signifi-
cantly lower performance was found in children between
the ages of 7-9 years compared with the older age group (p
< 0.001). For KTK+gy¢, no significant BMI X AGE inter-
action was observed, but performance was significantly dif-
ferent among the BMI groups (Fgenper = 18.43, p < 0.001)
and between the age groups (Fage = 8.46, p < 0.001). At
older ages, obese children performed better at throwing
and catching than the other two groups (p = 0.003). In ad-
dition, a main effect of gender was found for the three items
of the KTK3+. Boys scored higher on KTK3+ s (Fenper =
6.89, p <0.010), KTK3+ys (Feenner = 14.52, p < 0.001),
and KTK3+gyc (Feenper = 22.94, p < 0.001). In contrast,
girls scored higher on KTK3+p; (Foenper = 18.87, p <
0.001).

Table 4.
Main and interaction effects on KTK3+ according to age, body mass index, and
gender
KTK F F Fe F Femix  Facex Fewmixace
ariabels BMI AGE ‘GENDER  Femix ace
varial GENDER _ GENDER _x GENDER
KTK3+ps  4.24™  1.34" 19.36™ 2.12™ 0.01" 1.76" 0.88"
KTK3+s 3.89" 4377 6.26™  0.41"  0.49" 1.42" 1.19"
KTK3+ys — 2.92" 3.43™ 10.51™ 0.98* 0.11* 1.01* 0.87"
KTK3+gue  0.63° 8.46™ 18.43™™ 1.75* 0.08" 0.16" 0.15"
Torar MQ . - « « « * *
KTK3+ 6.17" 5.84 0.05 1.05 0.13*  0.24* 0.85

BMI: Body mass index. KTK3+: Kérperkoordinationstest fiir Kinder (3+)
p20.05, "p<0.05""p < 0.01, ™*p < 0.001

@ Underweight m Normal weight Obese

120

110

Total KTK3+ MQ

7-9 years 10-12 years

Age groups

Figure 2. Mean values (vertical bars represent standard deviations) of total mo-
tor quotient (MQ) observed in normal-weight (black blocks), underweight (dark
gray blocks), and obese (light gray blocks) participants stratified by age.

Significant differences were also observed for age (p <
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0.001) and BMI (p = 0.002) in 1074 MQ KTK3+. Statistical
analysis indicated that roraMQ KTK3+ was similar in un-
dcrwcight and normal—wcight children agcd 712 years (p
= 0.946), whereas obese children showed significantly
lower 7oraiMQ KTK3+ when compared to the normal-
weight group (p = 0.006). In addition, older obese children
(10—12 years old) had significantly lower MC abilities (p <
0.001) (see Fig. 2).

Discussion

This study investigated age and gender differences in the
MC test among underweight, normal-weight, and obese
children. In summary, raw scores for KTK3+ys and
KTK3+gyc increased with age, and boys performed better
than girls. In addition, underweight children outperformed
their normal-weight and obese peers on the KTK3+y;,
KTK3+j5, and KTK3+ys tests. However, overweight chil-
dren also outperformed their peers on KTK3+gyc.

Overweight and, especially, obesity in childhood have
been found to lead to poorer performance on gross MC us-
ing the KTK (D'Hondt et al., 2011). The KTK3+g; score
was weakly related to those of the other items because it is
designed to measure balance skills without the need to com-
plete tasks quickly (Coppens et al., 2021; Mardiansyah et
al., 2023; Moreira et al., 2019). However, a greater effect
of gender was found on KTK3+5 and KTK3+ s, in which
the children completed the tasks quickly within a limited
time period and required short-term endurance (Niet etal.,
2021). A notable effect on gross motor performance was
observed for KTK3+;c (Mardiansyah et al., 2023).

The KTK3+gyc task involves controlling a tennis ball
while performing repetitive movements (e.g., left-hand
throw and right-hand catch followed by right-hand throw
and left-hand catch), which is also affected by PA and an-
thropometric measures (i.c., hand size and arm length) that
can make it difficult to catch and throw the ball (Coppens
etal., 2021). This impairment in some of these aspects of
physical fitness may explain the lower scores associated
with weight status. Lopes et al. (2018) and D'Hondt et al.
(2011) discussed in their research the adverse effects of obe-
sity on children’s MC. In contrast, our results show that the
unexpected effect of obesity on children’s MC was greater
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in children aged 10—12 years. Although there is not much
evidence to explain that excess weight greatly affects the
quality of MC, this finding could be due to several reasons,
such as specific types of motor skills, including good EHC
and endurance.

Gradual age-related differencesin MC are generally rec-
ognized as a common phenomenon during child develop-
ment. This study found age-related improvements in spe-
cific KTK3+ test items and BMI groups rather than in gen-
eral. For instance, there was no significant age-related im-
provement in balance ability for obese children on the
KTK3+g;.

In general, the MQ values in our dataset were low com-
pared to the original KTK reference values (collected ap-
proximately 48 years ago) (Kiphard & Schilling, 1974). An
important point to consider is the possibility of a changing
culture of PA among children. Children’s MQ and BMI may
be lower in our study as in recent normative data showing
a downward trend in PA and fitness levels and an increase
in BMI over the past few decades (Giuriato et al., 2021).

Overall, the tasks in the KTK3+ strongly predict the
quality of motor competence during child development.
Our results also showed significant interactions among MC
level, gender, and age in predicting the prevalence of obe-
sity. Boys and girls with lower MC levels showed a higher
prevalence of obesity across age groups. These findings
align with existing research showing that obese children
show deficits in motor skill development, especially for
tasks requiring manipulation of the entire body mass
(Castetbon & Andreyeva, 2012; Ruzbarska, 2020). The dif-
ference between children’s BMI scores on the 1oraiMQ
KTK3+ increased gradually between the ages of 7 and 9 and
sharpened between the ages of 10 and 11. Consistent with
the present findings, D'Hondt et al. (2011) reported that
obese children aged 10—12 years in a Flemish study per-
formed significantly worse on MC tasks compared to their
younger obese peers. In addition, longitudinal data from
D'Hondt et al. (2013) highlighted the influence of weight
status on MC development, with normal-weight children
consistently outperforming their obese counterparts, lead-
ing to progressively more significant MC discrepancies be-
tween groups over time.

The difference between the BMI of normal-weight and
obese 12-year-old children was greater with higher -o.
1atMQ- KTK3+ scores. In particular, the mean difference
in toraaMQ KTK3+ between 12-year-old boys and girls
was greater than for younger children. The relatively
smaller sample size for 12-year-old boys and girls may also
have influenced this drastic increase in the difference. How-
ever, in the younger age group (7-9 years), the mean o.
tatMQ KTK3+ values for normal-weight and obese chil-
dren were not significantly different (see Table 3). Overall,
these results align with previous longitudinal and cross-sec-
tional studies showing an increasing association between
MC and weight status with age (D'Hondt et al., 2013;
D'Hondtetal., 2011; Lopes etal., 2014). Our findings also
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reveal the contribution of the interrelationship among phys-
ical (in)activity, motor (in)competence, and obesity in chil-
dren. Participating in regular PA provides important bene-
fits for developing and learning motor skills (Nobre et al.,
2023). Unfortunately, obese children have lower PA levels
and often spend more time sedentary than their normal-
weight peers (Laukkanen et al., 2020; Lopes et al., 2018;
Rezaci et al., 2023). As the effects of inactivity are related
to less movement experience, obese children may have im-
paired motor skill development (D'Hondt et al., 2011).
Thus, the lack of structured and supervised training by a
child movement expert during childhood can reduce the
quality of MC function. Additionally, motor-impaired chil-
dren avoid participating in PA and exercise because they of-
ten experience obstacles to every activity (Giuriato et al.,
2021; Ruiz-Pérez, 2018). However, limiting their move-
ment activities and differentiating activities can increase
their movement disabilities and decrease their health levels
(Lopes et al., 2021). Given the established relationships
among MC, PA levels, and health status, our findings high-
light the crucial role of early intervention and detection of
motor impairments, particularly in children with Obesity,
to minimize potential adverse effects.

Consistent with Barnett et al. (2019) and Walti et al.
(2022), we propose that improving motor skills might be
important in preventing childhood obesity. Besides clinical
practice—based intervention programs, there is an im-
portant need in the community and in schools to provide a
wide variety of opportunities for motor skill development
through PA and play-based activities during childhood
(Famelia et al., 2018). Motivating and working with chil-
dren to help them develop motor competence from an early
age by engaging children in sports, PA, and free play will
lead to better fitness outcomes (Luz et al., 2017). Appro-
priate activity levels are needed for obese children to max-
imize their engagement in and enjoyment of PA (Bakhtiar
etal., 2023). Improving the quality of motor skills from an
carly age can positively impact children’s confidence and
motivation to be physically active (Luz etal., 2017). There-
fore, it is essential to help children improve their motor
skills and active movement patterns to promote a healthy
lifestyle. The primary school age is critical for optimizing
motor skill development and prioritizing interventions. In-
terventions during this period can effectively prevent de-
clines in motor competence and the associated conse-
quences (D'Hondt et al., 2011; Goodway et al., 2017,
Mardiansyah et al., 2023; Ruzbarska, 2020). In addition, as
KTK3+ performance does not appear to differ much among
BMI groups at younger ages, obese children might still be
able to improve their motor skills relative to the standard.
However, special attention will be needed to achieve this
goal.

This study had several limitations. Its design did not pro-
vide definitive evidence of causality regarding the relation-
ship between MC and other variables. A thorough longitu-
dinal and interventional study is needed to provide more
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information about the direction of this relationship. An-
other limitation is the lack of information on maturity (e.g.,
sexual maturity, bone maturity), sedentary time, PA level,
and abdominal circumference. Future research should in-
clude other factors influencing MC skills, such as PA level;
perceived motor ability; and environmental factors, includ-
ing socioeconomic status, to provide a complete under-
standing. Lastly, direct comparisons of the KTK3+ among
provinces are not possible due to the lack of representative
data for all provinces in Indonesia.

Conclusion

This study was innovative because it assessed differences
in the MC of underweight, normal-weight, and obese chil-
dren during the dcvclopmcntal pcriod with a reliable in-
strument (KTK3+) using the same test for children 7—12
years old and of and both genders. In our study, BMI-re-
lated differences in children seemed more pronounccd in
the early age group (79 years). Sedentary behavior and
physical inactivity are now major concerns for children.
Although our findings highlight the potential for age-related
improvements in motor skill development, further valida-
tion is needed through longitudinal studies in Indonesia.
Despite this limitation, our study emphasizes the im-
portance of interventions to facilitate early motor skill de-
velopment, especially in obese children, to encourage en-
gagement in PA and to prevent potential decline in motor
competence later in life. Future research should develop
specific KTK3+ benchmarks for children in Indonesia, and
this study can serve as a pilot study for this process. Re-
searchers should also examine the structures within motor
development programs in Indonesian primary schools.
There is a need to further investigate the content, age-ap-
propriateness, exposure levels, and learning outcomes of
physical education in primary schools, as well as the level of
knowledge and training of primary school teachers, espe-
cially in terms of motor development.
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