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Abstract. Down syndrome (DS) children experience body balance problems that may hinder their locomotor abilities and and core
muscle endurance. Exercises through games, however may improve their locomotor abilities and core muscle endurance. Therefore, this
study aims to evaluate the differences in the effect between balance levels, between types of exercises, and the interaction between dy-
namic body balance and exercises on locomotor ability and core muscle endurance. A total of 16 children with DS were sampled and
divided into four groups based on dynamic body balance levels (High vs. Low) and the type of exercises (Snake-Leader vs. Engklek). The
exercises were conducted in 16 sessions, each for 60 minutes, thrice weekly conducetd in five week period. Dynamic body balance was
measured using functional reach test. The locomotor ability assessment was conducted using the gross motor development-2nd edition
test, while core muscle endurance was measured using plank test. The locomotor ability and core muscles endurances were assessed
before and after the exercise program. The two-way ANOVA technique was conducted using the difference between pre and post test
data as the dependent variables while locomotor ability and core stability endurance as factor variables with 5% significance level. The
results on locomotor ability showed a significant main effect for the type of exercise, F(1, 12) = 10.347, p = 0.007, partial N2 = 0.463; a
significant main effect for balance levels, F(1, 12) = 38.265, p = 0.000, partial N2 = 0.761; and no significant interaction, F(1, 12) =
3.0, p = 0.109, partial N2 = 0.2. The results on core muscular endurance showed a significant main effect for the type of exercise, F(1,
12) = 2.690, p = 0.127, partial N2 = 0.183; a significant main effect for balance levels, F(1, 12)=37.590, p = 0.000, partial N2 = 0.758;
and a significant interaction, F(1, 12) = 8.979, p = 0.011, partial N2 = 0.428. Snakes and Ladders game is appropriate for children with
DS with a high and low dynamic balance to improve locomotor ability. The Engklek game is right for DS children with a high dynamic
balance to increase the endurance of the core muscles, while the Snakes and Ladders game is right for DS children with low dynamic
balance.

Keywords: Influence and interaction, game-based exercises, body balance, locomotor ability, core muscle endurance, Down syndrome

Resumen. Los nifios con sindrome de Down tienen problemas de equilibrio corporal que pueden dificultar su capacidad locomotora y su
resistencia muscular. Sin embargo, los ¢jercicios mediante juegos pueden mejorar sus capacidades locomotoras y la resistencia de los
musculos centrales. Por lo tanto, este estudio pretende evaluar las diferencias en el efecto entre los niveles de equilibrio, entre los tipos de
ejercicios y la interaccion entre el equilibrio corporal dinamico y los ejercicios sobre la capacidad locomotora y la resistencia de los muascu-
los centrales. Un total de 16 nifios con sindrome de Down fueron muestreados y divididos en cuatro grupos basados en los niveles de
equilibrio corporal dinamico (Alto vs. Bajo) y el tipo de ejercicios (Snake-Leader vs. Engklek). Los ejercicios se realizaron en 16 sesiones
de 60 minutos cada una, tres veces por semana en un periodo de cinco semanas. El equilibrio corporal dinamico se midi6 mediante la
prueba de alcance funcional. La evaluacion de la capacidad locomotora se realizé6 mediante la prueba de desarrollo motor grueso-2* edi-
cién, mientras que la resistencia de los mésculos centrales se midi6 mediante la prueba de la plancha. La capacidad locomotora y la resis-
tencia de los mulsculos centrales se evaluaron antes y después del programa de ejercicios. La técnica ANOVA de dos vias se realizo utili-
zando la diferencia entre los datos de antes y después de la prueba como variables dependientes, mientras que la capacidad locomotora y la
resistencia de la estabilidad central como variables factoriales con un nivel de significacion del 5%. Los resultados sobre la capacidad lo-
comotora mostraron un efecto principal significativo para el tipo de ejercicio, F(1, 12) = 10,347, p = 0,007, 12 parcial = 0,463; un
efecto principal significativo para los niveles de equilibrio, F(1, 12) = 38,265, p = 0,000, M2 parcial = 0,761; y ninguna interaccion
significativa, F(1, 12) = 3,0, p = 0,109, 12 parcial = 0,2. Los resultados sobre la resistencia muscular central mostraron un efecto princi-
pal significativo para el tipo de ejercicio, F(1, 12) = 2,690, p = 0,127, 1)2 parcial = 0,183; un efecto principal significativo para los nive-
les de equilibrio, F(1, 12) = 37,590, p = 0,000, 12 parcial = 0,758; y una interaccion significativa, F(1, 12) = 8,979, p = 0,011, n2
parcial = 0,428. El juego de Serpientes y Escaleras es apropiado para nifos con sindrome de Down con un equilibrio dinamico alto y bajo
para mejorar la capacidad locomotora. El juego Engklek es adecuado para nifios con sindrome de Down con un equilibrio dinamico alto
para aumentar la resistencia de los musculos centrales, mientras que el juego Serpientes y Escaleras es adecuado para nifios con sindrome
de Down con un equilibrio dinamico bajo.

Palabras clave. Influencia e interaccion, ejercicios basados en juegos, equilibrio corporal, capacidad locomotora, Resistencia de los
musculos centrales, sindrome de down
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Introduction

The World Health Organization (WHO) estimates
that there is one case per 1000—1100 births of Down
syndrome (DS) with an estimated eight million in the
world each year. Cases in Indonesia for children with
DS aged 24-59 months have continued to increase, in
2010 it was 0.12%, in 2013 it was 0.13%, and in 2018
it was 0.21% (Riskesdas, 2018). DS is a genetic disor-
der during the embryonic period due to failure of cell
division by forming two copies of chromosome 21, so
that the child has 47 chromosomes. This results in a
reduced number of central nervous system neurons,
delayed myelination, and cell cycle dysregulation caus-
ing overproduction of protein precursors and neuro-
transmission abnormalities, resulting in motor and cog-
nitive impairment (Kim et al., 2017; Ahad et al.,
2020).

Motor impairment leads to hypotonia, weak liga-
ments, decreased muscle strength, inadequate muscle
cocontraction, inadequate postural control, and propri-
oceptive dysfunction (Jain et al., 2022). The combina-
tion of weak ligaments and hypotonia can increase the
risk of musculoskeletal disorders and delay the acquisi-
tion of motor milestones (Foley et al, 2018). Cognitive
impairment is experienced in the form of reduced inte-
gration processes in the nervous system, decision mak-
ing takes longer, the ability to integrate multi-sensory
information is lower, and simple reaction times are
longer (Giustino et al., 2021). These various disorders
result in body balance problems (Malak et al. 2013;
Atradinal et al., 2019; Lourenco et al., 2021; Jain et
al., 2022; Benavides et al., 2023; Lopes et al., 2023).

Dynamic body balance is a foundation and an im-
portant element for achieving more complex move-
ment abilities (Bakhtiar et al., 2020; Mocanu et al.,
2020). Children with DS achieve standing and walking
ability at the age of 2-6 years (Malak et al., 2015). The
stages of motor development of children with DS take
twice as long, the average age of reaching being able to
turn the body is 8.76 months, sitting independently is
11.87 months, and walking independently is 25.04
months (Kim et al., 2017). The existence of dynamic
body balance problems makes it difficult for children
with DS to control the movements of their limbs, so
they often appear to produce movements that seem
stiff, hesitant, and at risk of falling, which has an impact
on the delay in achieving locomotor abilities and affect-
ing quality of life (Singh et al., 2015; Lengkana et al.,
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2020; Simahate & Munip, 2020).

Locomotor skills are essential for children with DS
aged 8—13 years to achieve independence in completing
daily tasks and physical activities. Kashi et al., (2023)
stated through the results of their research that a physi-
cal exercise package significantly increased the total
motor proficiency score of students with DS. Training
based on body balance should be provided as early as
possible to prevent a longer delay in the achievement of
locomotor skills. Besides being related to locomotor
ability, dynamic body balance is also related to core
muscle endurance. Problems with dynamic body bal-
ance lead to premature fatigue during activities, as body
balance is achieved based on the performance of core
stability, which is related to core muscular endurance
(Krishna et al., 2020). Core muscle endurance func-
tions to transfer energy to the lower and upper extrem-
ities, weak core muscles have an impact on large pos-
tural sway which results in children with DS often mak-
ing joints stiff through muscle contractions to achieve
body balance (Barati et al., 2013; Krishna et al., 2020;
Abhilash et al., 2021). Continuous muscle contraction
requires more energy which can lead to premature
fatigue.

Physical training that will be given to children with
DS in an effort to improve locomotor ability and en-
durance of the core muscles, must adapt the character-
istics of being a strong visual learner and must activate
more cognitive performance for maximum body bal-
ance achievement. Training based on hopping and
jumping movements will be very meaningful for chil-
dren with DS. Playing the Snakes and Ladders game and
Engklek will make players do a lot of hopping and
jumping movements from one box to another, this will
improve locomotor abilities and these repetitive
movement activities will have an impact on muscle
endurance which plays a role in body balance perfor-
mance (Utomo and Ismail, 2019: 52). Games that are
played by doing hopping and jumping movements re-
peatedly and presenting various colors, pictures, lines,
and numbers can be found in the modified Snakes and
Ladders game and the Engklek game.

The hopping and jumping movements in the Snakes
and Ladders game are carried out separately while in
the Engklek game they are not separate, the difference
in the way of practicing this movement also allows dif-
ferences in the results of locomotor abilities at different
levels of dynamic balance. Speed and agility in perform-
ing movements are also another difference between the

Retos, nimero 58, 2024 (septiembre)



2024, Retos, 58, 265-281

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicidn impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

Snakes and Ladders game and the Engklek game, the
Engklek game is played by requiring speed and agility
while the Snakes and Ladders game does not require
speed and agility, this is expected to provide different
results on core muscle endurance at different levels of
dynamic balance. These differences are likely due to
differences in response and adaptation of cognitive and
motor systems.

To measure the growth in locomotor abilities and
core muscular endurance, it is required to demonstrate
the effect of frequent hopping and jumping workouts
using Snakes and Ladders and Engklek games. If the
findings are positive, they will be valuable in boosting
the independence and quality of life of children with
DS. This study intends to Evaluate the difference in
influence between the balance levels, between type of
games, and the interaction between dynamic body bal-
ance and games on locomotor ability and core muscle

endurance.
Materials and Methods

Participants and Research Design

Participams research

The research population consisted of 155 children
with DS at Pusat Informasi dan Komunikasi (PIK) Per-
satuan Orang Tua Anak dengan DS (POTADS) Yogya-
karta Special Region Province (DIY) who were then
chosen to be the sample using a purposive sampling
technique based on the criteria, which included being
able to understand instructions, standing, and not hav-
ing several disorders such as heart, atlo-occipital, and
leg joint disorders. A total of 30 DS youngsters were
gathered and submitted to a dynamic body balancing
test utilizing the functional reach test (Kamath and San-
desh TS, 2017). The dynamic balance test results of 30
children with DS were sorted from largest to smallest.
Based on Statistical Calculation of Item Discrimination
Index, high dynamic body balance was obtained by
counting 27% of 30 children with DS, resulting in 8
children with DS based on rankings 1 to 8 with dynamic
body balance measurement results of 29-23.5 cm.
Meanwhile, low dynamic body balance was obtained by
counting 27% of 30 DS children so that children with
DS were obtained based on a ranking of 23 to 30 with a
dynamic body balance size of 1612 cm. The total sam-
ple used in this study was 16 children with DS. All par-
ticipants' parents provided written informed consent
and the research protocol was approved by the ethics
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committee at the Directorate of Research and Commu-

nity Services Yogyakarta State University (approval No.
B/50/UN34.9/KP.06.07 /2023).

Inclusion & Exclusion
Criteria *High Balance:
4 Samples
*Low Balance:
4 Samples
Given the SLG

High Balance:
§ Samples

155 30 16
Population Population Sample

*High Balance:
4 Samples
*Low

Low Balance:
§ Samples

ance:
4 Samples
Given the EG

Balance Level Test
27% Top & 27% Bottom

A
' 2

Figure 1. Sample determination

Research design

This research is conducted with the experiment
method with the 2x2 factorial design. The entire sam-
ple was divided into 4 groups based on dynamic body
balance which was the moderator variable and treat-
ment (game-based training) which was given as the
independent variable. This study did not have a control

gI‘OUp .

Table 1.
2x2 Factorial research design
Dynamic Balance Game High Low
Snakes and Ladders (SLG) SLG-High ~ SLG-Low
Engklek (EG) EG-High EG-Low

Notes:

SLG-High: Groups with the High Balance were given Snakes and Ladders game.
EG-High: Groups with the High Balance were given Engklek game.

SLG-Low: Groups with the Low Balance were given Snakes and Ladders game.
EG-Low: Groups with the Low Balance were given Engklek game.

Operational definition of variables

Manipulative independent variable: Snakes and ladders
and Engklek game-based exercise

The Snakes and Ladders game-based exercise is to
perform hopping and jumping movements which are
carried out separately to move from one box to an-
other according to the order of numbers from smallest
to largest or from number one (start) to number 25
(finish). Meanwhile, the Engklek game-based exercise
is played with a combination of alternating jumping
and hopping movements when moving from the box
where the participant is standing to another box. In
the Snakes and Ladders game-based exercise, one rep-
etition is counted if the person plays (hops or jumps)
from the start (number one) to the finish box (number
twenty-five). However, in the Engklek game-based
exercise, one repetition is counted if the participant
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plays from box number one to box number six and
back to box number one four times (back and forth).

IR €

3 Meter

2 Meter
(a) (b

Figure 2. (a) Snakes and Ladders game media; (b) Engklek game media

Attributive independent variable: Dynamic balance

Dynamic body balance is the ability of children with
DS which is measured by how far (centimeters) the
arms reach straightened forward at shoulder level with
the fingers clenched into fists in an effort to maintain
the body when moving bent in a standing position
without the slightest step.

Dependent variable: Locomotor ability

a.  Running is the ability to see how well the anatomi-
cal position of a child with DS moves when running a dis-
tance of 10 meters on a flat surface as seen from the position
of the arms when moving, both legs raised (floating), the
position of the feet when landing, and the degree to which
the feet are not supported.

b.  Jumping is the ability to see how well the anatomi-
cal position of a DS child's body movements are in making
jumping movements on a flat surface as seen from the posi-
tion of the feet which are not supported, arm movements,
jumping movements and landing three times consecutively
with the left foot and the right foot.

c.  Hopping is the ability to see how well the anatomi-
cal position of a DS child's body movements are in carrying
out horizontal hopping movements on a flat surface as seen
from the initial preparation movements, arm movements
when hopping and landing, and the position of the feet when
hopping and landing.

Table 2.

Training program

Dependent variable (dependent): Core muscle endurance

Core muscle endurance is the ability of how long
(time) a child with DS can maintain or control his
body's core so that it remains in a good and correct
plank position on a flat surface or floor covered with a

mattress.

Test Procedure

After the samples were determined and divided into
4 groups, then all research samples went through a
pretest procedure, followed by the giving exercises and
the posttest, with a total of 20 meetings. All samples
were examined for locomotor abilities using the test of
gross motor development-2nd edition (Tun et al.,
2021) and core muscle endurance was measured using
the plank test (Boyer et al., 2013) at pretest and post-
test as the dependent variable.

Exercise Protocols

All samples received bodyweight training in the
form of calf raises against the wall, sit-to-stand, squats,
and core stability exercises (glute bridge and airplane in
four point kneeling). After carrying out bodyweight
training, the samples were separated into groups to do
hopping and jumping exercises on Snakes and Ladders
and Engklek games covered with mats to minimize
injury if the samples fell. The training was carried out
in 18 meetings over 6 weeks with a frequency of 3
times a week and a training duration of 60 minutes.
The intensity of the exercise is determined by the speed
of performing hopping and jumping movements from
one box to another. Meetings 1 to 6 cach sample
hopped and jumped from box to box with the pause
duration of 6 seconds, meetings 7 to 12 the pause dura-
tion was 4 seconds, and Meetings 13 to 18 have a pause
duration of 2 seconds, but for samples who can already
do jumps and jumps, they can do it without a pause.
The pause duration is used to provide instructions to

the sample.

Total Sets per Week (W)

Phase Training Form of Exercise Repetition Duration
Wi W2 W3 W4 W5 W6

Warmup Stretching 10 minutes
Bodyweight training 3 1 1 2 2 3 3
SLG with a jumping motion 4 2 2 2 4 4 4

Core SLG with aJhop]IZing motion 4 2 2 2 4 4 4 #0 minutes
EG 8 4 4 4 8 8 8

Cooling Stretching 10 minutes
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Statistical Analysis

Analysis of variance (ANOVA) as a data analysis
technique in this research, uses a two-way ANOVA
technique at a significance level of a= 0.05 using the
difference between pre and post test data as the de-
pendent variable which is carried out in SPSS version
22 software. Statistical analysis begins by carrying out
prerequisite tests consisting of data normality tests and
homogeneity of variance test, then a hypothesis test is
carried out and if there is an interaction it will be con-
tinued with the Tukey test.

Table 3.
Result of hypothetical test for the variable of locomotor ability

Results

Normality and Homogeneity Test

Data normality and homogeneity tests have been
carried out, all standardized resedual data from pretest,
posttest, and the difference in locomotor ability and
core muscle endurance of each group show a
significance value greater than 0.05 (Sig.>0.05) so all
data are normally distributed and homogencous.

Hypothesis Test

The hypothesis test was only performed using data
on the rise or difference between the pretest and post-
test data; data was deemed to have an influence and an
interaction if it is less than 0.05. The findings of hy-
pothesis testing were shown in Tables 3 and 4

Source Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared
Game-Based Exercises 10.563 1 10.563 10.347 0.007 0.463
Balance 39.063 1 39.063 38.265 0.000 0.761
Game-Based Exercises*Balance 3.063 1 3.063 3.0 0.109 0.2
Error 12.250 12 1.021

The results of the study on locomotor ability showed a significant main effect for Game-Based Training, F(1, 12) = 10.347, p = 0.007, partial N2 = 0.463; a significant

main effect for Balance, F(1, 12) = 38.265, p = 0.000, partial N2 = 0.761; and no significant interaction between Game-Based Training and Balance, F(1, 12) = 3.0, p =

0.109, partial N2 = 0.2. The graph of the estimated marginal means of the difference in locomotor ability scores is as follows.

Table 4.
Result of hipothetical test for the variable of core muscle endurance
Source Type III Sum of Squares Df Mean Square F Sig. Partial Eta Squared
Game-Based Exercises 23.401 1 23.401 2.690 0.127 0.183
Balance 326.977 1 326.977 37.590 0.000 0.758
Game-Based Exercises*Balance 78.101 1 78.101 8.979 0.011 0.428
Error 104.383 12 8.699

The results of the study on core muscle endurance showed a significant main effect for Game-Based Exercises, F(1, 12) = 2.690, p = 0.127, partial N2 = 0.183; significant
main effect for Balance, F(1, 12) = 37.590, p = 0.000, partial N2 = 0.758; and a significant interaction between Game-Based Exercises and Balance, F(1, 12) = 8.979, p =

0.011, partial N2 = 0.428. The graph of the estimated marginal means of the difference in core muscle endurance scores is as follows.

Estimated Marginal Means of Score Difference Locomotor Ability Estimated Marginal Means of Score Difference Core Muscle Endurance

& Game-Based GameBased

T Exerceses Exticies
26 L1 \ ——
© ©

Estimated Marginal Means

Estimated Marginal Means

Balance Balance

@ (b)

Figure 3. (a) Graph of differences in locomotor ability scores; (b) Differences in
core muscle endurance scores
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Table 5.
Result of tukey test for the interaction between the dynamic body balance and the
variable games of core muscle endurance

Subset
Group N
1 2 3
EG-Low 4 6.7400
SLG-Low 4 8.7400 8.7400
SLG-High 4 13.3625
EG-High 4 20.2000
Sig 0.774 0.174 1.000

According to Table 5, group EG-High in subset 3 exhibited a substantial differ-
ence from groups SLG-High and SLG-Low in subset 2, and a significant differ-
ence from group EG-Low in subset 1. Group SLG-High differed significantly
from group EG-Low, but there was no significant difference between groups

SLG-High and SLG-Low, nor between groups SLG-Low and EG-Low.
Discussion

Effect of Snakes and Ladders Game and
Engklek towards Locomotor Ability
One of the goals of this research was to demonstrate
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the impact of the Snakes and Ladders game on locomo-
tor ability. The statistical test findings show that there is
a difference between the two games in terms of enhanc-
ing the locomotor abilities of children with DS, indicat-
ing that the hypothesis is accepted. According to the
findings of this study, giving the Snakes and Ladders
game to 32 clementary school pupils increased their
abilities to sprint, hopp, and jump (Sahudi et al., 2021).
Children with autism spectrum disorder (ASD) aged 4
to 5 years old had their locomotor abilities improved by
playing the Snakes and Ladders game for one hour per
day, three days per week for five weeks (Martseeda et
al., 2021). The Engklek game contains a form of train-
ing that involves repetitive locomotor motions. Train-
ing with the Engklek game has been shown to improve
the locomotor abilities of children with mild mental
retardation (Paramesthi et al., 2022). Furthermore,
there has been a rise in children aged 5 to 6 years
(Apriliani et al., 2019; Lorena et al., 2020).

Playing offers youth people pleasure and makes
them want to repeat the same activities, so they do not
feel they are training muscles to work, which is defined
by repetitive muscular actions that enhance muscle
strength, speed, agility, and flexibility and effect ability
progress motor skills of children (Sutapa et al., 2021;
Dimyati, et al. 2022). Jumping and stepping are exam-
ples of active foot movements that can be used to train
children's balance (Jati et al., 2020).

According to the findings of this study, playing
Snakes and Ladders improves locomotor ability more
than playing Engklek. According to Martseeda et al.,
2021; Sahudi et al., 2021, the Snakes and Ladders game
causes an increase in locomotor abilities because it pro-
vides many opportunities for teachers or trainers to
teach each locomotor skill separately with the right and
focus, which causes the reactivation of children repeat-
edly-repeat by continuing to repeat the movement. The
Engklek game, unlike Snakes and Ladders, is played
with alternating hopping and jumping movements, and
each person gets a turn to play (Apriliani et al., 2019;
Sholikan & Sudijandoko, 2019).

The more actions that are performed, the more ef-
fective the workout and the better it is for strengthen-
ing fast-type muscle fibers, resulting in the ability to
handle larger workloads (Astrawan, 2019). Further-
more, the sensorimotor system appears to be influ-
enced by previous movement experience; repeated
movements in a specific direction are known to have a

dramatic effect on involuntary movements elicited by
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cortical stimulation, a phenomenon known as plasticity;
repetition of movements increases the generation of the
same movements in the future by reducing the time
required to prepare for repeated movements; the ad-
vantage in reaction time is due to the preparation being
(Mawase et al., 2018).

The position of the feet when practicing hopping
and jumping on the Engklek game differs from the posi-
tion of the feet during the ability test; the distinction is
between the position of the feet (two feet or one foot)
when standing at the start of the move and the position
of the feet (two feet or one foot) when landing from
hopping or jumping. In contrast, the Snakes and Lad-
ders game's hopping and jumping movements correlate
to the movements during the locomotor ability exam.
According to Eva et al. (2021), a movement that is
repeated will become a habit to do it with the same
technique, but if you must do a movement with a dif-
ferent technique, kinesthetic perception will take time
to adapt. The process of kinesthetic adaptation, which
will not have an impact on poor quality of movement
when assessing locomotor abilities with new techniques
or techniques that are not the same as movement expe-
rience, allows for differences in the results of increasing
locomotor abilities between groups given the Snakes
and Ladders game with a group given a Engklek game.

Effect of Snakes and Ladders and Engklek Game
towards Core Muscle Endurance

One of the goals of this study is to demonstrate the
difference between Snakes and Ladders and Engklek on
the core muscle endurance of children with DS. The
statistical test findings revealed that there was no differ-
ence between the two games in terms of core muscle
endurance in children with DS, hence the hypothesis
was rejected. Children with DS who have a high dy-
namic body balance benefit more from Engklek playing.
The Snakes and Ladders game, on the other hand, de-
livers an average value of developing core muscle en-
durance that is significantly higher for children with DS
who have poor dynamic body balance.

Repetitive hopping and jumping movements are an
effective exercise for increasing core muscle endurance
in children with DS. It has also been established that it
generates considerable gains in explosive action, bal-
ance, and intermittent endurance capacity in vertical
jumps, horizontal jumps, and a combination of both
(Ramrez-Campillo et al., 2015). Plyometric exercise
improves dynamic body balance and core muscle
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strength (Pal et al., 2021). Plyometric workouts, pila-
tes exercises, and a combination of the two provide
significant improvements in vertical jump height and
trunk endurance (Chouhan et al., 2022).

Muscles that are exercised will experience myelin
thickening, resulting in an increase in muscle endurance
if the muscles are trained for a minimum of 12 weeks
and three times per week (Sutapa et al., 2021). Con-
tinuous repetition exercises induce adaptations to en-
dure muscular fatigue, which are connected with en-
hanced buffering and oxidative capacity, increased ca-
pillaryization and mitochondrial density, and increased
metabolic enzyme activity. Repetitive hopping and
jumping movements training results in muscle adapta-
tions and muscle endurance (Schoenfeld et al., 2021).

The speed with which hopping and jumping actions
are performed is a factor that causes disparities in the
achievement of developing core muscle endurance be-
tween the groups trained using the Snakes and Ladders
game and the group trained using the Engklek game.
The group with high dynamic body balance who played
the Engklek game appeared to travel faster from one
flat surface to another than the group with high dynam-
ic body balance who played the Snakes and Ladders
game. In the low dynamic body balance group, the
group who received exercises using the Snakes and
Ladders game demonstrated faster body motions when
hopping than the group that received the Engklek
game, which frequently paused.

Core muscular endurance is linked to speed, agility,
and aerobic power performance (Boyaci & Tutar,
2018). Muscular endurance is defined as the number of
repetitions accomplished in a given amount of time
until exhaustion sets in (Thomas et al., 2018). This
demonstrates that the faster you repeat an action at a
given period, the more repetitions you will complete,
resulting in increased muscle endurance. The perfor-
mance of the core muscles affects the performance of
hopping and jumping actions. The strength, stability,
and endurance of the core muscles affect jumping per-
formance (Kamdin & Varghese, 2020). Hopping and
jumping exercises performed at a faster pace result in
more repetitions of the movement in a given time,

resulting in higher core muscular endurance.

Effect of Dynamic Body Balance towards Loco-
motor Ability

One of the goals of this study is to determine the
variations in the effects of high and low dynamic body
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balance on the locomotor abilities of children with DS.
This goal has been met by statistical tests that reveal
that there are differences in the influence of high and
low dynamic balance on the locomotor abilities of chil-
dren with DS, indicating that the hypothesis is accept-
ed. The group with high body balance improved their
locomotor abilities more than the group with low body
balance.

Body balance influences the development of chil-
dren's locomotor abilities (Bakhtiar et al., 2020). Ac-
cording to Hendra et al. (2019), the greater a kid's
dynamic body balance, the easier it will be for the
youngster to make the numerous movements required
in play, resulting in the development of locomotor
abilities. The capacity to manage and maintain the
body's center of mass or center of gravity during
movement with cooperation between the core and
extremities to provide stability and reflectivity as a
reaction to change is referred to as body balancing (Ya-
novich & Bar-Shalom, 2022). Body balance refers to the
ability to perform motions more efficiently and with
greater bodily control (Singh et al., 2022).

The proprioceptive system, which consists of mus-
cles, joints, and tendons, is also involved in the devel-
opment of movement abilities. These components raise
the body's awareness of external situations, regulate
balance and posture, and aid in the development of
well-coordinated motions (Rachman & Anggita, 2018).
The level of gross motor development is highly corre-
lated with dynamic balance and the child's propriocep-
tive system (Jiang et al., 2018). Appropriate motor
skills and nervous system development enable a young-
ster to effectively coordinate his limbs (Sutapa et al.,

2021).

Effect of Dynamic Body Balance on Core Muscle
Endurance

One of the goals of this research is to understand
and demonstrate the influence of dynamic body balance
on core muscle endurance. The hypothesis was accept-
ed when statistical analyses revealed that there were
differences in the effect of high and low dynamic bal-
ancing on core muscle endurance in children with DS.
The difference can be seen in the average value of the
rise in core muscle endurance, which reveals that the
increase in core muscle endurance of the high-body
balance group is much greater than the increase in core
muscle endurance of the low-body balance group.

There is a link between balance, core muscle endur-
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ance, and functional level (Bezgin et al., 2020). Theo-
retically, core stability and motor performance are
linked (Cengizhan et al., 2019). The core is a compli-
cated anatomical area composed of the lumbar spine,
hips, hip joints, and muscles that govern the body's
equilibrium when moving (Sannicandro, 2017). Dy-
namic body balance can have an impact on perfor-
mance; maintaining proper body balance will minimize
premature exhaustion (Baghbaninaghadehi et al.,
2013). Dynamic activities necessitate a high level of
stability, which causes fatigue in children with DS who
have poor dynamic body balance (Schott et al., 2014).
This occurs because there is a link between the weaken-
ing of the muscles responsible for torso stability and the
incapacity to perform adequately at work (Bezgin et al.,
2020).

Extensor fatigue influences balance by increasing
postural sway (Barati et al., 2013). As postural sway
occurs, the neuromuscular kinesthetic senses respond
to govern and cope with the rapid changes in body
segments supported by the core muscles (Joshi et al.,
2019; Reyes-Ferrada et al., 2021). Strong core muscles
help to establish optimal mobility, posture, and tech-
nique by reducing fatigue during long-duration exercis-
es and the incidence of increased postural sway (Boz &
Temur, 2020).

The core muscles of the body will contract prior to
the leg movement to give a stable foundation for the leg
and muscle activation (Almutairi et al., 2022). Jump-
ing, running, and kicking will activate the core muscles,
which will help to support the spine and body during
dynamic movements (Akuthota et al., 2008). Further-
more, insufficient core muscular endurance might re-
sult in greater knee loads and knee joint contact forces
during dynamic activities (Joshi et al., 2019). Poor
dynamic body balance affects core muscular endurance
because the core muscles of the body are required to
work extra hard to create a firm foundation for the

joints of the legs, resulting in premature tiredness.

Interaction between Dynamic Body Balance and
Play on Locomotor Abilities

One of the goals of this study is to learn how the in-
terplay of dynamic body balance (high and low) and
games (Snakes and Ladders and Engklek) impacts the
locomotor abilities of children with DS. The statistical
test findings revealed no interaction, indicating that the
hypothesis was rejected. When compared to the low
dynamic body balance group, the group with high dy-
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namic body balance had a significant boost in locomotor
ability. These findings support Oktarifaldi et al (2020)
assertion that body coordination and balance influence
locomotor ability; the better the coordination of
movement and body balance, the higher the level of
locomotor ability that can be demonstrated.

When compared to the Engklek game, the group
that received the Snakes and Ladders game exercise
excelled at both the high dynamic body balance level
and the low dynamic body balancing level. Children
with DS have cognitive impairments, which manifest as
a slowed integration process in the neurological system,
longer decision-making times, a diminished ability to
integrate multisensory information, and slower basic
reactions. Delays in the nerve system's multisensory
integration process to control body posture are the
cause of body balance and poor movement abilities in
people with DS (Giustino et al., 2021; Garcia-Fresneda
et al., 2022). In principle, attainment of body balance
and movement ability is also related with cognitive
characteristics, therefore the lower a child's body bal-
ance level, the worse the child's cognitive handicap.

Cognitive impairment in children with DS has been
linked to changes in how they play the Snakes and Lad-
ders and Engklek games. The Snakes and Ladders game
has a defined movement structure, and each move is
rchearsed separately from beginning to end. The
movement structure of the Engklek game, on the other
hand, is done arbitrarily (randomly) or combines hop-
ping and jumping movements when the participants get
their chance to play.

The high contextual interference driving learning
necessitates more cognitive effort during motor skill
execution, and the higher cognitive engagement ob-
served during randomized practice may be due to high-
er levels of elaboration and differentiation involved in
processing, or it may result from forgetting and recon-
structing action plans (Lage et al., 2015). Variations in
movement structure in play can be linked to the pro-
cess of correcting movement faults because children
with intellectual disabilities have a working memory
that is not operating properly and has difficulties fol-
lowing multiple directions (van Abswoude et al.,
2015).

The corrective procedure for the group practicing
with the Snakes and Ladders game can be repeated for
each movement separately, keeping the correction
process focused on each movement being performed.

In the game of Engklek, on the other hand, the correct-
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ing procedure is carried out concurrently between the
hopping and jumping actions in one repetition, allow-
ing for more instructions to be received. A child's
working memory capacity is positively proportional to
the number of instructions received; the more instruc-
tions a youngster receives, the more information is
stored to be understood and obeyed (Buszard et al.,
2017). The number of instructions supplied can affect
locomotor ability; the less instructions given, the easier
it is to comply swiftly (Chatzopoulos et al., 2020).
Because working memory capacity affects the amount
of information that must be processed, the number of
instructions that can be stored in working memory and
processed relies on the demands of the task assigned to
the kid (Cowan, 2010). When compared to the Snakes
and Ladders game, the Engklek game incorporates hop-
ping and jumping actions, allowing for more motion
correction instructions. This may influence memory
capacity and the time (sooner or later) required to un-

derstand the movement correction instructions.

Interaction between dynamic body balance and
play on core endurance

One of the goals of this study is to learn how the in-
terplay of dynamic body balancing (high and low) and
games (Snakes and Ladders and Engklek) impacts the
core muscular endurance of children with DS. The
statistical test findings reveal that there is an interac-
tion, indicating that the hypothesis is correct. Engklek
games are a good way to build core muscle endurance
in children with DS who have strong dynamic body
balance, but Snakes and Ladders games are useful in
children with DS who have low dynamic body balance.

The speed of children with DS who have high dy-
namic body balance when playing the Engklek game
outperforms the speed of children with DS who prac-
tice with the Snakes and Ladders game, resulting in
differences in increased muscle endurance because
movement speed is related to intensity. Various intensi-
ties differ as indicators of improving motor quality
(Kuznetsova et al. 2022). Training the core muscles
with dynamic exercises of moderate to high intensity
can improve trunk and core muscle endurance (Ylmaz,
2022). The faster you leap and hop, the greater the gain
in core muscular endurance.

The combination of hopping and jumping actions in
the Engklek game can also be linked to foot agility,
because shifting locations necessitates that the position
that was previously sustained on one leg be supported
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on two feet. This maneuver is performed rapidly and
without much pause by a DS child with good body bal-
ance. According to Cengizhan et al. (2019), agility may
carry the body further with more regulated motions
and that there is a relationship between postural stabil-
ity, core muscular endurance, and agility.

Effect of additional visual aspects and body-
weight exercises on locomotor abilities and core
muscle endurance

Colors, numbers, shapes, and lines in the Snakes and
Ladders and Engklek games can excite children with
DS's visual components. In response to this question,
digital picture visual stimulation can improve body
balance and vestibular rehabilitation, and it can help
people with peripheral vestibular disorders improve
their postural control (Manso et al., 2015). Intermit-
tent visual occlusion as an easy way to improve dynamic
body balance (Symeonidou & Ferris, 2022). In addi-
tion, all samples in this study received bodyweight
workouts as extra exercises. Locomotor training with
bodyweight has been proven to be possible for the re-
habilitation of individuals with neurological disease,
with the benefits of enhanced muscle strength, bone
density, decreased heart rate, and improved physical
conditioning (Dutra et al., 2013; Benavides Pando et
al., 2023). In this study, additional bodyweight
workouts improved locomotor ability and core muscle
endurance in children with DS.

The findings of this study have a significant impact
on enhancing locomotor abilities and core muscle en-
durance in children with DS, allowing them to acquire
independence and a higher quality of life. The findings
of this study can help adaptive physical education teach-
ers, therapists, trainers, and parents choose the best
treatment for children with DS based on their level of
dynamic body balance in increasing locomotor abilities
and core muscular endurance. This study contains
drawbacks, such as samples whose moods fluctuate
during the exercise procedure, forcing the sample to
leave the practice area and halt for a while before re-
turning to complete the activity. Another limitation in
this study is the difference in the number of hopping
and jumping movements in the Snakes and Ladders
game and the Engklek game. In the Snakes and Ladders
game, the hopping and jumping movements are carried
out 25 times in one repetition, whereas in the Engklek
game, the hopping and jumping movements are carried
out 24 times in a single repetition. The exercise is re-
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peated once. Based on these constraints, we can under-
take research in the future by observing the mood of
children with DS and equal the number of hopping and
jumping movements every repetition in Snakes and
Ladders and Engklek games. Also, future research can
test and analyze the memory capacity of children with
DS using a variety of instructions connected to different
game rules to boost the movement abilities of children
with DS, based on the discussion.

Research Limitations and Strengths

This research has shortcomings such as differences in
the number of hopping and jumping movements in the
Snakes and Ladders game and the Engklek game due to
differences in the number of boxes that the sample
passes through for one repetition of the exercise, and
this research has shortcomings control group. In the
game Snakes and Ladders the hopping and jumping
movements are done 25 times in one repetition, while
in the game Engklek the hopping and jumping move-
ments are done 24 times in one repetition. Based on
these constraints, further research can be carried out
using a control group and an even distribution of the
number of jumping and hopping movements for each
repetition in the Snakes and Ladders and Engklek
games.

Training based on Snakes and Ladders and Engklek
games has the advantage that participants have to carry
out repetitive movements which can be evaluated di-
rectly or with video, there are visual elements and bod-
yweight training is added as an excellent combination
to improve locomotor ability with DS, so that it can
enhance locomotor ability in children with DS to gain
independence and a better quality of life. Practitioners
can apply these exercises by accompanying children
with DS through the stages of introducing exercise,
introducing exercise rules, practicing with one partici-
pant first, and conceptualizing the exercise as a recrea-
tional sport that is carried out with clear and few in-

structions.
Conclusion

The Snakes and Ladders game is a better way to de-
velop the locomotor abilities of children with DS who
have high and poor dynamic body balance. Exercises
involving the Engklek game are more appropriate for

increasing core muscle endurance in children with DS

274-

who have high dynamic body balance, whereas exercis-
es involving the Snakes and Ladders game are more
appropriate for increasing core muscle endurance in
children with DS who have low body balance. The
training program will be prepared based on the level of
dynamic body balance of children with DS and the
game characteristics in order to attain greater locomo-
tor abilities and better core muscle endurance.
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