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Abstract—Motor learning in preschool education is very important to be a
concern because it has an impact on the growth and development of children, and
their mental abilities. This study aims to design and implement motor learning
measuring tools using sensor technology for preschool education. This measur-
ing instrument is expected to have a good performance in assessing motion in
children, such as running, walking, and jumping. This type of research is devel-
opment research with three stages, namely, phase I needs analysis and designing
motor learning measuring tools, phase I, implementation of motor learning mea-
suring tools, and developing motor learning measuring tools, phase III, evaluat-
ing of motor learning measuring tools and dissemination. However, this research
is only limited to the stage of designing and implementing motor learning mea-
suring tools. This research involved instrumentation experts and Kindergarten
students, with a total sample of 65 students, using the purposive sampling tech-
nique. The result of this study is a sensor technology-based motor learning mea-
suring instrument that can make an objective, easy and practical assessment.
This measuring instrument can measure motor skills in locomotor movements,
namely, running, walking, and jumping. Furthermore, the results of the imple-
mentation showed an increase in the motor skills of children aged for the better.
So it is hoped that this measuring tool can be used by the wider community in an
effort to improve preschool education learning.

Keywords—motor learning, measuring instruments, preschool education,
sensory technology

1 Introduction

Education is a learning process that is held interactively, inspiring, fun, challeng-
ing, motivating children to be active, and providing sufficient space so that children
are creative and independent according to their talents, interests, physical and psycho-
logical development of children. One form to achieve learning objectives, especially
in preschool education education is to develop materials and tools for motor learning
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in children. This learning innovation refers to the demands that are integrated with
information technology according to the demands of the digital era [1-5]. Learning
occurs through dynamic interactions between the physical and social environment [6].
Research shows many benefits that children get from learning outdoors such as phys-
ical improvement, motor development, and broader holistic development [7]. Gener-
ally, children who study in Kindergarten do not yet have good motor skills compared
to children at the elementary school level. For this reason, preschool education motor
skills need to be trained through activities that are in accordance with the stages of
development. Learning that is systematically arranged, fun, inspiring, and motivating
will enable children to learn independently. Then, specifically learning is focused on
what, how, and where according to the needs of children [8].

Preschool education learning methods that still use traditional methods have many
weaknesses, such as being centered on all children without paying attention to the spe-
cial characteristics of children [9]. As a result, the movement learning given to children
is not fulfilled optimally. The theory of motor development needs to be mastered by the
teacher in planning activities such as the choice of movement tasks, equipment, and
the movement environment so that children can get the correct motion experience [10].
Knowledge of the sequence of motor development is very valuable because it can
inform the teacher about the type of physical activity provided according to the child’s
development, this stage can also serve as an assessment of the child’s basic movement
skills [11]. Therefore, teachers as educators are required to be creative and innovative
in providing learning related to children’s movements.

The development of basic movements in children can be known from locomotor,
non-locomotor, and manipulative movements. These movements have fundamental dif-
ferences in their characteristics that need to be learned and trained for kindergarten-age
children. If the child masters basic movements with the correct concept of motion
learning, then the child has the foundation to learn movement skills well, not least in
various sports in the future. Basic movement skills are complex elements needed to
perform a game, sport, or other physical activity. Motor skill development is a potential
mechanism to reduce the negative impact of physical activity, health, and obesity rates
[12—13]. The level of motor skills of children is closely related to health, such as cardio-
respiratory and fitness [14], as well as organized physical activity [15]. The reciprocal
and dynamic relationship between physical activity and motor skills [16—19], has shown
that motor skills can improve health in children such as cardiorespiratory fitness, muscle
strength, and endurance. This positive relationship is strengthened with increasing age
[20-21]. Physical activity involves both physical and physiological components such as
cardiorespiratory fitness, musculoskeletal fitness (ie, muscular endurance and strength),
and flexibility [22]. Motor skills also have an impact on children’s physical, social, and
cognitive development [23], [12]. Children and adolescents should engage in at least
1 hour of moderate to vigorous physical activity each day, but studies from around the
world show that children and adolescents typically fall well below this target [24-25].

Based on the results of research on basic movement skills in the city of Padang,
Indonesia, it was found that 36.07% were in a low category and 18.98% of children’s
basic movement skills were in a low category. This data is reinforced by the findings of
Bakhtiar [26] which states that boys and girls in rural and urban areas in West Sumatra
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are very delayed in locomotor skills and control of objects. Movement delays in chil-
dren if left unchecked will cause several pathological threats, such as 1) Asymmetrical
or unbalanced movements between the left and right limbs, 2) Persistence of primitive
reflexes, 3) Hyper/hypotonia or impaired muscle tone, 4) Hyper/hypertension. hypore-
flexia or impaired reflexes of the body, 5) The presence of uncontrolled movements [27].
Furthermore, the lack of basic movement skills of children will cause impaired sensory
function, cause body defects, obesity, imitation movement disorders, malnutrition [56],
have difficulty in regulating body balance, slow reactions, and poor coordination.

Based on further studies, this problem is influenced by various factors, such as lack
of infrastructure for motor development, the absence of technology-based measuring
tools for children’s basic movement skills, so that teachers and parents rarely evaluate
children’s basic movements. In addition, the problem is also influenced by a very nar-
row environment, the emergence of electronic devices that can produce games such as
play stations, online games, smartphones, causing children to be lazy to move inactive
games, plus the demands of parents on preschool education. to be able to read, write
and count. This situation, if left unchecked, will make the basic movement skills of
preschool education lower. One of the factors that affect the low basic movement skills
of children is the unavailability of basic motion measuring tools based on sensor tech-
nology, where so far the existing motor skills measuring tools are still using the manual
method. Therefore, it is necessary to develop a measuring instrument for children’s
basic movement skills by utilizing technology. This study aims to design and imple-
ment a measuring tool for motor skills that can make an objective, easy and practical
assessment of locomotor motion (running, walking, jumping).

2 Literature review

2.1 Basic movement skills

Basic motor skills are the basis for developing more complex motor skills [28].
Basic movement skills are developed in preschool education. This is an initial provision
to acquire general movement skills. Further, it will be needed as a basis for the develop-
ment of more specialized motor skills. Basic movements are body movements that use
large muscles or most of the muscles in the body or all limbs that are influenced by their
own maturity. Basic locomotion skills are movement patterns that involve body parts
such as the legs, arms, trunk, and head, and include skills such as walking, jumping,
catching, throwing, hitting, and balancing.

Basic movements such as locomotor movements (eg, running, walking, jumping),
should be taught in a way that is appropriate for the child’s development in developing
his skills [29-31]. If children are not given the opportunity to learn basic movements,
then they will be at risk of experiencing delays in their development [32]. Fundamental
movement skills are often regarded as the underlying mechanism of physical activ-
ity [33-35] and as a health-related correlation of weight and fitness status. Physical
activity can be achieved with various forms of play through various learning motions.
Some of the benefits of physical activity in education that can nourish the mentality of
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students such as, exercise which can reduce stress and feelings of happiness, exercise
can increase brain power, exercise can increase self-confidence [36].

2.2 Motor learning

Movement skills possessed by children do not occur in an instant way without a
good process. The process of creating good movement skills can be done from an early
age. At that age, it is necessary to provide movement learning to children by paying
attention to the characteristics of each child. Motor activity is not only derived from the
individual characteristics of the child, but also from the family and school environment
[37]. Therefore, a teacher needs to know and understand the stages in motor learning
given to children.

Motor learning is grouped into three stages, namely: (1) stages of understanding the
concept of motion (Cognitive Stage), (2) stages of motion (Motor Stage), and (3) stages
of autonomy (Autonomous Stage). Here’s the explanation:

1. The stage of understanding the concept of motion is the stage where the child must
understand and understand the concept of motion to be carried out. Understanding
the concept of motion can be done by finding out what, how, and why motor activ-
ities are carried out. By understanding the concept of motion, the child will more
easily carry out the instructed motion.

2. Stages of motion (Motor Stage). After knowing the concept of motion is to under-
stand the stages of motion to be carried out. At this stage, the child understands the
stages of motion by carrying out the movement activities learned.

3. Stages of autonomy (Autonomous Stage). The autonomy stage is where the child has
mastered well-instructed movements and the movements have become automatic.

Based on the stages of motor learning, the development of basic motion learning
models will use these stages by providing an understanding of the concept of motion,
providing examples of motion, and forms of repetition of activities [38].

2.3 Sensor limit switch

The limit switch is a type of sensor that functions to detect the movement of mov-
ing machine parts, such as cylinders and others. When the lever or can also be called
a cam hits or presses the head of the limit switch, this sensor immediately works so
that the contacts on the inside will also work. When the sensor is working, it can be
directly connected to other devices or components such as solenoid valves or indicator
lights. There are various types and sizes of this sensor, but in principle, the work is
exactly the same. The head of this limit switch can be pressed left and right at a certain
angle, for example, 45 degrees, then it will work. While on the inside there is a micro
switch that functions to continue the movement given by the head of the limit switch
on the outside, so that when the micro switch is depressed it contacts directly (NO and
NC contacts).
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3 Research methods

This research method uses a research and development approach [39]. This research
development approach is carried out in 3 stages, namely: phase I, needs analysis [55],
and designing motor learning measuring tools, phase II, implementation of motor learn-
ing measuring tools, and developing motor learning measuring tools, phase III, evaluat-
ing of motor learning measuring tools and dissemination. however, this research is only
limited to the stage of designing and implementing motor learning measuring tools.
This study involved instrumentation experts and Kindergarten students, with a total
sample of 65 students in preschool education education in the city of Padang, Indone-
sia, using the purposive sampling technique. This study aims to design and implement
motor learning measuring tools using sensor technology for preschool education, where
so far the existing motor skills tests are still using the manual method. The framework
of the focus and limitations of the research is presented in Figure 1 below.

eNeeds Analysis
*Designing Motor Learning Measuring
Tools
[-Implementation Motor Learning
Measuring Tools
¢Developing Motor Learning Measuring
Tools

eEvaluating of Motor Learning Measuring ]

Tools
eDissemination

focus and limitations of research |—

Fig. 1. Framework for research stages of developing motor learning measuring tools

At the design stage of this tool, several stages were carried out, namely 1) measur-
ing instrument design, 2) design validation and 3) design revision. Furthermore, at the
implementation stage there are several indicators, namely, 1) Child Can Jump to the
4-way cube sequentially, 2) Jumping forward on two legs, 3) Jump to the left, right, and
back, 4) Jumping in place with two legs, 5) Jump in place on one leg 3 times in a row
with the left and right feet alternately, 6) The child runs through the cube in sequence,
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7) Horse Running (Gallop) In a straight line, 8) Run backward in a straight line, 9) The
child walks through the Cube in sequence, 10) Walking tiptoe forward with the tips of
the toes, 11) Walking backward in a straight line. Assessment of quantitative to quali-
tative data from the results of increasing motor skills of preschool education refers to
Table 1 below.

Table 1. Conversion of quantitative data to qualitative data

Average Score Qualification Motor Ability Preschool Education
64-90 Ability Can
36-63 Can with Help
10-35 Can’t
4 Results

4.1 Measuring tool design

To design a test tool for basic motor skills (Fundamental Motor Skills)/FMS, it is
done through literature studies both sourced from the internet, reference books, and
relevant scientific journals. The design the tool according to Figure 2 below.

_—— Fiber Transparan

e _— Alas Tracking Lan

Fig. 2. Components of the preschool education motor skills measurement tool

The basic movement skill test is made with the following components: a track frame
made of stainless steel that is lightweight and anti-rust and portable, making it easy to
move and store. The sensor used is the Limit switch sensor, the footing used is a 1 cm
thick field carpet, transparent fiber to provide an LED light indicator when the tool
is used.
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The design of measuring instruments for basic movement skills for preschool
education is adapted to locomotor motion theory [40]. Based on this, a design is shown
in Figure 3.

1. run *\
2. gallop |

3.hop |

4. horizontal jump
S. Slide

6. leap

1. Jump
2. Balance

Fig. 3. Design of motor skills measurement tool for preschool education

4.2  Expert suggestions and design revisions

At this stage, the researcher got some input from experts so that a new design of the
measuring instrument for preschool education movement skills was obtained. The revi-
sion is in the form of improving the length of the running track which was previously
only 5 meters, then it was extended to 10 meters. Play is important for a child, games
can provide opportunities to practice skills repeatedly and can develop ideas according
to their own ways and abilities, and the media for playing a child must be wider and
freer to develop the child’s motor skills. , so that it can be concluded that the distance
required for the child to do the running and jumping test must be wider and free so that
the child can move freely and freely.

The process of developing digital-based preschool education basic movement skills
test instruments is carried out through the first stages, namely looking for potential
problems, data collection, product design, design validation, design revision. Based on
the design validation carried out by motorists, an instrument is produced that can be
used to measure movement skills of preschool education. The following is a picture of
a measuring instrument for basic movement skills for preschool education after being
validated by a motorist. Design motor skills measuring instrument according to the
following Figure 4.
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Fig. 4. Measuring tool for preschool education movement skills

How to use measuring tools:
Rating Jump

. The tool consists of two parts, namely the part in the form of a plus sign and the
straight part which has a distance of 10 meters.

b. The child stands in the middle of the square-shaped like a plus sign.

. The child performs a jumping motion with both legs sequentially from cube one
which has sensor one and returns to the initial cube and makes a second jump to
cube two, the child jumps back to the initial cube and repeats the movement until it
reaches the fourth cube.

. At the same time the sensor will detect and calculate the time of the child’s jump
so that the output is in the form of time and the sensor will translate the number of
movements by displaying the motion detected by the sensor when the child makes a
jump, and the results will be displayed on the LCD in the form of the time and num-
ber of lights that are lit. which indicates the child’s movement is correct and detected
by the sensor.

Run rating

. The child stands on the central cube which is in the middle of the cube that forms a
plus sign

. The child runs towards the ninth cube (the last cube) and after the child arrives at the
cube the child makes a turning movement and runs back towards the central cube
(the cube in the middle of the cube in the form of a plus sign)

. When the child finishes doing the movement, the sensor will detect the movement
and calculate the time since the child made the first running movement until the child
returns to the central sensor.

. The calculation results will be displayed on the LCD in the form of time and motion
detection performed by the child which is translated into a light that turns on when
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the sensor detects the child’s movement and the light will turn off when the sensor
does not detect the child’s movement.

Road appraisal

In the walking assessment, the test mechanism is exactly the same as the assessment
in the running test, starting from the starting point, calculating and detecting sensors,
except that the test carried out by the child is carried out by walking instead of running.

5 Discussion

The results of the study have created a motor skills test tool from the locomotor
component. This tool can measure a child’s ability to walk, run and jump. The results
of Pustisek et al research [41] regarding motor learning with the use of technology
explain that technology can outperform the human senses in almost all aspects, there
is no doubt at all that science and technology can help athletes achieve maximum per-
formance. The application of this science and technology can provide a significant
competitive advantage. In identifying and evaluating a large number of technological
solutions available for motor skills assessment. While promising, there is still a need
for large-scale studies to validate this approach in terms of accuracy, repeatability, and
usability, where interdisciplinary collaboration between researchers and practitioners is
supported by transparent results.

Children can walk at about 12 months of age, but the walking process will develop
more smoothly according to the mechanics of the movement. The legs and arms are
alternated and the placement of the legs is still not stable, but the walking pattern is
efficient. Walking has become more automatic, so children can walk and talk or walk
while manipulating something in their hands [42]. Running is a continuation of walking
skills, the initial characteristic of running is through footwork, while flying the feet still
have a distance limit with movement. Swing opposite arms between legs and arms. The
arm swing works in conjunction with body rotation, forward and backward in sprinting.
The basic abilities that must be possessed by children are good balance, motor coordi-
nation skills, movement planning. Children can jump in simple forms before the age of
two. Jumping is a task in which the body is pushed off the ground with one foot or two
from the ground two feet high.

A suitable and good movement program can form and develop children’s basic
movement skills. For this reason, it is very important to emphasize the movement
development program in kindergarten. Furthermore, educators are encouraged to be
able to take advantage of children’s natural ability to move and integrate with organized
motor skills programs into daily activities. The creation of this motor skill measuring
tool is expected to be able to evaluate children’s basic movements so that teachers and
parents, and related parties can provide knowledge to children about basic movements
that have an impact on the physical activities children do every day. Findings by the
American Physical Activity Guidelines Advisory Committee (2018) stated that phys-
ically active children can reduce the risk of being overweight, cardiovascular disease,
osteoporosis, and diabetes, improve mental health, higher self-esteem, and better emo-
tional independence [43].
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Furthermore, the results of the implementation of this tool are presented in the
following Figure 5.

Indicators of Improved Motor Ability of Preschool Education
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4-waycube twolegs andback twolegs oneleg3 throughthe (Gallop)ina astraight throughthe forward astraight
sequentially timesina cubein straightline line Cubein with the line

row with  sequence sequence tips of the
the leftand toes
right feet
alternately

Fig. 5. Improved motor skills of preschool education

Increased motor skills of preschool education can be seen from several indicators,
namely, 1) Child Can Jump to the 4-way cube sequentially, 2) Jumping forward on two
legs, 3) Jump to the left, right, and back, 4) Jumping in place with two legs, 5) Jump
in place on one leg 3 times in a row with the left and right feet alternately, 6) The child
runs through the cube in sequence, 7) Horse Running (Gallop) In a straight line, 8) Run
backward in a straight line, 9) The child walks through the Cube in sequence, 10) Walk-
ing tiptoe forward with the tips of the toes, 11) Walking backward in a straight line.
The results of the implementation show that the increase is not as high, of course, this
is influenced by various factors, such as the family and social environment, stimulus,
at school, growth, and development of children, as well as adequate nutrition [44—50],
including mental maturity, locus of control [44—50, 57]. Furthermore, from the results
of this application, it can be seen that the jump in place on one leg 3 times in a row with
the left and right feet alternately has the highest increase with a value of 85, meaning
that there are already people who have the ability to do it, and there is a value of 66
which increases already good but not optimal in the aspect of jumping forward on two
legs. The role of technology in learning, including learning in preschool education can
help optimize the potential and abilities of preschool education [51-54].
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6 Conclusion

The conclusion from the results of this study is the creation of a sensor-based instru-
ment for measuring basic movement skills for preschool education which has a role
in assessing motion in children such as jumping, walking, and running in accordance
with the locomotor component motor movement theory. This measuring tool has been
proven and validated by motorists. Furthermore, the results of the implementation
showed an increase in the motor skills of children aged for the better. So it is hoped
that this measuring tool can be used by the wider community in an effort to improve
preschool education learning.
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