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Abstract This study aims to develop an adaptive
physical education learning module based on augmented
reality to improve the motor skills of students with hearing
impairments in special schools (SLB). This study is a
Research and Development (R&D) study that uses the
ADDIE development model. The population and subjects
of the study include all primary school students at the
Semarang State Special School, Widya Bhakti, and
Swadaya in Semarang City. Data collection techniques
included interviews, observations, and questionnaires.
Data analysis was conducted using validity, feasibility, and
effectiveness tests. The module validation results showed
that the augmented reality-based adaptive physical
education learning module was valid based on the ADDIE
Development Model, with an average score of 0.86,
meeting the high criteria in the Aiken Validation Table.
Media experts gave a score of 96% in the trial, subject
matter experts gave a score of 76% in the trial, and experts
on the characteristics of children with disabilities gave a
score of 81% in the trial. The small group trial achieved a
score of 80%, while the large-scale trial achieved a score of
89%. In addition, the N-Gain value of 0.86 was considered
high (g > 0.75). In conclusion, based on the results of the
validity test, practicality by teachers and students, and the
effectiveness test, the adaptive physical education teaching
module based on augmented reality with the ADDIE model
has been proven to be valid, practical, and effective for use
in the learning process of children with disabilities at the
Semarang City Special School.
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1. Introduction

Adaptive Physical Education is a form of physical
education service specifically designed to meet the
physical, motor, social, and emotional needs of learners
who have special barriers or needs, either permanent or
temporary [1,2]. This service includes modifications to
activities, tools, environments, and learning methods so
that all learners can participate optimally in physical
activities [3]. Adaptive physical education plays a crucial
role in the motor development and quality of life of
individuals with disabilities [4,5]. However, in reality,
there are still many limitations in learning innovations that
can motivate students with disabilities to move and
develop their motor skills optimally and actively [6,7].
Lack of interesting and relevant stimulation often results in
low levels of participation and, in turn, impedes the
improvement of essential motor skills in children with
special needs, particularly for students who are deaf and
hard of hearing [8,9]. This problem is further complicated
by the absence of specific technologies and guidelines that
can accommodate their unique needs to move actively,
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which ultimately contributes to the stagnation of the motor
development of children with disabilities. This creates a
significant gap in the provision of inclusive and quality
education for students with disabilities, especially in the
context of physical education, which should be a vital tool
to develop their physical potential.

Motor development in children with hearing
impairments often faces unique challenges. Children with
hearing impairments may experience delayed cognitive
development that affects their understanding of
instructions and coordination of movements [10,11].
Meanwhile, other sources suggest that children with
hearing impairments may face obstacles in understanding
verbal instructions and movement rhythms, even though
their basic motor skills may not be significantly affected
[12,13]. This disorder requires a highly personalized,
adaptive approach that not only takes into account their
limitations but also capitalizes on their strengths and
unique learning styles. In many cases, traditional learning
methods or demonstrations are unable to fully meet these
needs, thereby limiting their full potential to achieve
physical independence and active participation in both
learning and social environments. The relationship
between physical activity and parenting style can influence
cognitive abilities, which, in turn, can predict children's
behavior, both positive and negative. Parents with busy
schedules often struggle to support their children's motor
development [14].

As a solution to these problems, this research proposes
the development of an Augmented Reality (AR) based
adaptive physical education teaching module. AR offers
great potential for creating immersive and interactive
learning environments, capturing the attention of students
with disabilities, and encouraging them to engage in
physical activity [15-17]. Through 3D object visualization,
animation, and visually enriched instructions, AR is
expected to overcome the communication and
comprehension barriers often experienced by deaf and
hard-of-hearing students, allowing them to follow
movements and instructions more effectively [18,19].
Later, abstract instructions can be realized in the form of
avatars that demonstrate movements repeatedly, or virtual
objects that guide students in navigating obstacles, making
learning more concrete and easier to understand. The
ASTA CITA program will serve as the platform for
integrating this AR module, ensuring a holistic and
structured approach that is aligned with the applicable
special education curriculum. The ASTA CITA concept
itself, which emphasizes the values of togetherness,
independence, and self-development, will be strengthened
by this innovative technological tool. AR allows for the
overlay of digital information onto the physical world,
offering unique opportunities to enhance teaching
strategies and facilitate the acquisition of complex motor
skills, which are particularly valuable in sports [20].

Several previous studies have highlighted the potential
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of technology in assisting the education of children with
disabilities. Studies show that the use of interactive
technology can significantly improve learning motivation
and cognitive skills in children with special needs [21-23].
Gamification-based apps have been shown to improve
focus and perseverance in students with autism and
intellectual disabilities [24,25]. Furthermore, studies
related to motor development in children with disabilities
have shown that tailored physical interventions, supported
by innovative assistive devices, are effective in improving
coordination, balance, and muscle strength. Intervention
programs involving video modeling or virtual reality have
also shown positive results in developing basic motor skills
in children with cerebral palsy [26]. Specifically, the use of
AR technology in the context of physical education has
shown positive results in increasing engagement and
understanding of motion concepts in general students
[27,28]. However, most of these studies have not explicitly
focused on the development of AR-based adaptive PE
teaching modules specifically designed to meet the unique
needs and motor characteristics of deaf and
hard-of-hearing children.

This research gap highlights the urgency to develop
targeted interventions. The AR module proposed in this
study will not only provide rich visualizations but also
incorporate elements of interactivity and real-time
feedback that can be adjusted to the individual learning
pace of students. This is a significant innovation because,
unlike regular videos, AR allows students to interact with
the virtual environment as if it were real, creating a more
immersive and personalized learning experience [28,29].
This study is expected to make a significant contribution to
overcoming the challenges of motivation and motor skill
improvement in students with hearing impairments, as well
as providing an innovative learning model that can be
applied in other schools. The focus on this group of
students with hearing impairments is also important
because they have different motor and cognitive challenges
that require a special adaptive approach, so the modules
developed are expected to provide maximum benefits for
students in this group.

2. Materials and Methods

This research is a Development Research (Research and
Development//R&D) using the ADDIE model (Analysis,
Design, Development, Implementation, Evaluation) [30].
The ADDIE model was chosen because of its systematic
and iterative structure, allowing researchers to thoroughly
identify needs, design appropriate solutions, develop
products, implement, and evaluate their effectiveness
[31,32]. The development process of the Augmented
Reality (AR)-based Adaptive Physical Education Learning
Module using ADDIE (analysis, design, development,
implementation, and evaluation) can be seen in Figure 1 as
follows:



1298 Development of an Augmented Reality (AR)-Based Adaptive PE Teaching Module to
Improve the Motor Skills of Children with Disabilities

Analyze

analyzed the problem
that technology
development to improve
learning motivation and
motor development of
children with disabilities
is still lacking.

Design

Developing Teaching
Modules, Developing
Animations, Creating
Application Content

Development

Animation of motor
movements of children
with disabilities
(consultation with
animators), Android-
based application
development

Implementation

Application to deaf
and hard of hearing
students in small-
scale and large-scale
trials

Evaluation

to see how much
influence development
has on learning
motivation and motor
development of deaf and
hard of hearing children.

&

Figure 1. Development of Adaptive Learning Modules for Physical Education Based on Augmented Reality (AR) using ADDIE

The population of this study was all students with
disabilities at the Special Elementary School (SDLB) in
Semarang City who had deafness or hearing impairments.
The selection of SDLB in Semarang City was based on
accessibility and the availability of preliminary data
indicating a need for innovation in adaptive physical
education, specifically at SLB N Semarang, SLB Widya
Bhakti, and SLB Cahaya. The research sample will be
determined using purposive sampling, with the following
criteria: Students with hearing and speech impairments
who are enrolled in SDLB, have an official diagnosis from
an expert, and are willing to participate in the research with
a pretest conducted at SLB N Semarang. The sample size
will be adjusted according to the availability of students
who meet the criteria and research validity considerations,
with a population of Special needs schools in the Semarang
city area. Meanwhile, the post-test will involve 3 special
needs schools with a total of 1,200 students with
intellectual disabilities and deaf students. Ideally, the
sample will be divided into experimental and control
groups for a more accurate comparison of the module's
effectiveness [33].

Data Collection Techniques Observation Sheet: Used to
observe students' motor behavior before and after
intervention, as well as to identify students' level of
participation and motivation during learning using the AR
module. The observation sheet will focus on gross motor
aspects such as balance, coordination, speed, and agility.
Questionnaire: Will be given to adaptive physical
education teachers and students (with assistance if needed)
to obtain feedback on the ease of use of the AR module, its
appeal, and their perceptions of improvements in motor
skills. Motor Skills Test: This test will be used to

quantitatively measure improvements in students' motor
skills, such as running, jumping, and leaping. The test will
be adapted to the characteristics and abilities of students
with intellectual and hearing disabilities, for example,
through static and dynamic balance tests, throwing and
catching balls, or short-distance running with
modifications [34]. Interviews: Conducted with teachers
and some students (if possible and relevant) to dig deeper
into their experiences with the AR module, challenges
faced, and suggestions for improvement.

2.1. Data Analysis Techniques

Qualitative Descriptive Analysis: Used to analyze data
from observation sheets, questionnaires, and interviews.
Qualitative data will be analyzed by identifying key themes,
patterns, and in-depth interpretations of user experiences
and module effectiveness. Inferential Statistical Analysis
(t-test or ANOVA): If quantitative data from motor skill
tests meet parametric assumptions, a t-test will be used to
compare average motor scores between groups before and
after intervention. Alternatively, ANOVA will be used if
there are more than two comparison groups. This study
uses a single-group pre-post feasibility/effectiveness
design because it only looks at the effectiveness of using
the physical education teaching module. If the parametric
assumptions are not met, relevant non-parametric
statistical tests will be used [25]. This analysis will be used
to test the hypothesis regarding students' motoric
improvements after using the AR-based learning module.
The following is explained in Figure 2 about the research
method flow chart using the CONSORT style as follows:
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POPULASI

All special needs primary schools
in the Semarang City area

SAMPLING TECHNIQUES

Purposive Sampling

|

SCHOOLS INVOLVED

SLB N 1 Semarang,

Bhakti, SLB Swadaya

SLB Widya

!

VALIDASI AHLI

Media Expert

Subject Matter Expert : 76%
Characteristics Expert : 81%
Children with special needs

:96%

l

SMALL GROUP TRIAL
17 JULI 2025

LARGE GROUP TRIAL
30 JuLl 2025

3 Schools SLB N 1 Semarang, SLB
Widya Bhakti, SLB Swadaya, 4

teachers
1,182 Students

3 Schools SLB N 1 Semarang, SLB
Widya Bhakti, SLB Swadaya, 8
teachers
1,184 Students

FINAL ASSESSMENT

Pre-test 38,8 Post-test
N-Gane: 0,86 (High Category)
t(1182) = 72.43,

p<0.001

3. Results

The purpose of this study is to analyze and develop an

Figure 2. Research method flowchart using the CONSORT style
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augmented reality-based physical education (PJOK)
teaching module for teachers that focuses on variations and
combinations of locomotor, non-locomotor, and
manipulative movements to improve the motor skills of
children with intellectual disabilities and deafness. The
research and development process is carried out through
several stages, including:

3.1. Analysis

This analysis phase aims to examine various
components related to module development, including the
curriculum, the concept of variation and combination
movements, and the learning resources utilized. In general,
the analysis phase includes the following:

3.1.1. Curriculum Review

This analysis is based on the Physical Education and
Health (PJOK) curriculum implemented at the special
needs (SLB) level, specifically the SDLB level. The review
is conducted concerning the Core Competencies (KI) and
Basic Competencies (KD) applicable to that level of
education. The results of the curriculum review are
presented.

Table 1 shows that students can imitate and perform
various basic movements such as walking, running,
kicking, and carrying a ball correctly, understand the
concepts of movement and fitness, and demonstrate a
responsible attitude and positive values in physical
activities.

3.1.2. Concept Analysis

Concept analysis includes identifying the movement
components that students will perform, which are then
arranged into variations and combinations of locomotor,
non-locomotor, and manipulative movements presented.

Table 1. Analysis of the PJOK curriculum for SLB Class 2

No School Level Grade Level Learning Outcomes

1 SDLB 1 By the end of Phase A, students will be able to demonstrate a variety of basic
movement patterns and skills through imitation from various sources. In addition,
they will understand the concepts and principles of correct movement, understand and
practice physical activity and fitness for health, demonstrate early behaviors of
personal and social responsibility, and recognize the values of physical activity.

Table 2. Analysis of the concept of PIOK SDLB class II
Draft Elements of Motion

Basic locomotor movements

Walking movements
Running movements
Jumping movements

Basic locomotor movements

Basic hon-locomotor movements

Bending Movement

Basic manipulative movements

Performing the movement of passing the ball
Performing the movement of kicking the ball
Performing the movement of walking and running
Carrying the ball
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Table 2 shows that students are capable of performing
various basic locomotor, non-locomotor, and manipulative
movements, such as walking, running, jumping, bending,
passing, kicking, and carrying a ball.

3.1.3. Learning Resources Analysis

The next step is to analyze the learning resources that
will be used in implementing the module. Once the
analysis is complete, the next step is to gather relevant
references. Several learning resources that have been
reviewed can be seen in table 3.

Table 3 shows that the sources of learning materials for
physical education at SDLB include student and teacher
books for the 2022 curriculum, references on basic motor
skills, and research findings emphasizing the importance of
daily physical activity.

3.2. Design

The design phase involves determining the components

to be included in the module and selecting the media to be

used in developing it. In general, the design phase includes

the following:

1. Designing an Augmented Reality-Based Learning
Module: Designing the important elements to be
included in the teacher module, which covers several
aspects, can be seen in the following.

Table 4 shows that the module contains basic locomotor
activities for children aged 6-11 years with autism, mental
disabilities, or deafness, using simple equipment such as
balls and cones, lasting 2>35 minutes, covering warm-up,
core, and cool-down stages.

2. Designing Learning Resource Media

The learning module developed in this research is
equipped with an augmented reality feature presented via
QR Code and connected to the internet. This module
contains movement exercise guides for the warm-up, core
exercises, and cool-down, arranged sequentially to meet
the learning needs of students with disabilities.

Table 3. Analysis of learning resources for the physical education for elementary school students (SDLB) class

Learning Resources Description

Curriculum Guidelines

Muhajir, dkk. 2022. PJOK (Student Book). Jakarta: PT. Balai Pustaka (Persero) hal. 1-44.

Muhajir dan Zelda Raushanfikri. 2022. PJOK (Teacher Book). Jakarta: Pusbuk Kemendikbud

Ristek RI (hal. 25-64).

Basic Motor Movements

Understanding Physical Education book (Green & Hardman, 2005)

Latest Research

(Elmagd, 2016) “Benefits, needs, and importance of daily exercise

Table 4. Teaching Module Components

Module Components

Title Basic Locomotor Movement Activities

Concept Map Basic Locomotor Movement Pattern Development Activities: Running, Jumping, and Bouncing
Target Skills Able to Catch and Throw a Ball

Type of Autism Autism, Mentally Disabled, Deaf

Age Group 6-11 Years

Equipment Used

Baskets, cones, small balls, and large plastic balls

Exercise Duration 2 x 35 minutes

Assistant Teacher

Preparation Stage Warm-up

Core Stage Main Activities

Cool-Down Stage Cool-down
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3.3. Development

During the development stage of the teaching module,
several activities were carried out, including designing
movement exercises tailored to the characteristics of the
research subjects and validating the module with experts,
including lecturers specializing in learning media, experts
in physical education and health, and experts specializing
in the characteristics of children with disabilities. The
module was then revised based on the input provided by
these experts. An overview of the stages of developing
augmented reality-based teaching modules can be seen in
Figure 3 below:

’

®BIMAY
learning module

PJOK

For SDLB Students Grades I-VI

Variations and Combinations of Movement Exercises,
Locomotor, Non-Locomotor, and Manipulative

® ¢
‘l\

Disusun Oleh:
1.Pandu Kresnapati, S.Pd., M.Pd
2. Ibnu Fatkhur Royana, S.Pd., M.Pd
3. Husnul Hadi, S.Pd., M.Pd

Hearing Disorders

Figure 3. Designing the module by creating several movement exercises

3.4. Conducting Validation Tests

Based on the validation questionnaire results from
Physical Education and Health (PJOK) learning experts,
the learning module developed for Basic Locomotor
Movement Development Activities for Running, Jumping,
and Leaping for primary school students with hearing
impairments at SDLB (Special elementary school) was
deemed suitable for testing with a limited group. Overall,
the results of the questionnaire provided by learning media
experts indicate that this module is effective, as can be seen
in Figure 4 below.

1301

Validation Results Presentation
99%
98%
97%
96%
95%
94%
93%
92%

98%

96% o
=8—Validation

Results

94% Presentation

Presentation Graphical
Eligibility Eligibility

Average

Figure 4. Diagram of media expert validation test results

Based on the results of the validation questionnaire from
PJOK learning experts, the augmented reality-based
learning module for the subject of Basic Locomotor
Movement Patterns in Running, Jumping, and Leaping
Activities for primary school students with disabilities at
SDLB (Special Elementary School) was deemed suitable
to proceed to the group trial stage. The changes made in the
development of the module include the addition of
information about the characteristics of module users, the
adjustment of learning materials to the specific needs of the
subject, an explanation of whether learning is carried out
independently or with a companion, and the preparation of
assessment questions that need to be adjusted to the type of
autism of the research subject and reviewed based on
relevant theories, as shown in Figure 5 below.

Validation Aspects

80%
79%
78%
77%
76% 76%
74%
3%
72%
1%
70%

80%

Content Eligibility Language Eligibility Average

—e—Validation Aspects

Figure 5. Diagram of Material Expert Validation Test Results

Based on the results of a validation questionnaire from
experts on the characteristics of autistic children, the
teacher module developed for teaching material on Basic
Locomotor Movement Patterns for Running, Jumping, and
Hopping for primary school students with hearing
impairments was deemed suitable for use in a group trial as
a research subject. However, several revisions were
necessary. The title has been refined to be more specific,
the instructions for using the module have been adapted to
the characteristics of the PJOK subject, instructions for
using barcodes have been added to the guide, and the
layout of images in the material has been rearranged so that
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each page contains a maximum of four images. This
explanation can be seen in Figure 6 below:

VALIDATION ASPECTS

87%
86%
85%
84%
83%
82%
81%
80%

86%

80% 80% 81%
Content

Eligibility

Language Presentation Average
Eligibility  Eligibility

Figure 6. Diagram of Expert Validation Results of Characteristics of
Children with Disabilities

3.5. Implementation

After undergoing validation by experts and revision, the
module was then submitted to teachers to be tested on
students in order to obtain data on the feasibility of the
movement training module that had been developed. The
trial phase involved two groups, namely a small group and
a large group. A small group trial was conducted in three
Special Schools (SLB) in Semarang City, involving all
1,182 students with hearing impairments and four physical
education teachers as research subjects. The assessment
tools were submitted to four SLB teachers. The small
group trial was conducted on 17 July 2025. The results of
this trial will be analyzed and presented in the following
Figure 7:

88%
86%
84%
82%
80%
78%
76%
74%
72%

70%
Compliance Attraction Convenience

86%

80%
80%

78%

76%

Utility Average

Persentase
Figure 7. Diagram of small group trial results

The analysis table above shows that the overall average
score reached 80%. After converting it into a qualification
table, the results show that the augmented reality-based
learning module development product for the topic ‘Basic
Locomotor Movement Development Activities: Running,
Jumping, and Hopping’ for students with disabilities in
primary schools (SDLB) is deemed suitable for use with a
few minor revisions. Meanwhile, large-scale trials were

conducted in three schools with the highest number of
primary school students in Semarang. Based on initial
observations, SLB N Semarang had the largest number of
research subjects, followed by SLB Widya Bhakti and
SLB Swadaya, with a total of nearly 1,200 students with
hearing impairments and eight physical education
teachers. The assessment tools were given to eight
teachers from the three special needs schools.

Meanwhile, a large group trial was conducted at SLB
Semarang. Based on initial observations, the school has an
adequate number of research subjects from 3 SLB schools,
with a total of 1,184 students with hearing impairments
and involving 8 SLB physical education teachers in
Semarang City. The assessment tool was given to the 8
teachers. The large-scale pilot test was conducted on 30
July 2025. The results of the data analysis from this trial
are presented in Figure 8 as follows:

Persentase
94%

920 0

90% 90%
89%

88%

87%

86% 87%

84“ 0

Compliance Attraction Convenience  Utility Average

Persentase

Figure 8. Diagram of the results of the large group trial

The table of data analysis results from the large group
trial shows a percentage rate of 89%. After being converted
into a qualification table, the results indicate that the
augmented reality-based learning module for Basic
Locomotor Movement Patterns in Running, Jumping, and
Hopping activities for primary school students with
hearing impairment is deemed suitable for use without the
need for revision. In both trials that were conducted,
teachers provided assessments and feedback through
questionnaires prepared by the researchers. The
guestionnaire contained statements that were assessed
using a Likert scale, with a score range of one to five, in
accordance with the predetermined closed assessment
criteria.

3.6. Evaluate

The implementation of the movement training module
yielded several findings related to the development of
augmented reality-based teaching modules. These findings
were then evaluated as a basis for improving the quality of
the movement training module. In general, the following
are the results of the revisions made based on the module's
implementation and trials. A comprehensive measurement
quality analysis was conducted on the instruments and
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products developed. The results are summarised in From
Table 5, empirical validity testing was conducted at the
effectiveness testing stage. The results of exploratory
factor analysis revealed three main dimensions in line with
the concepts of locomotor, non-locomotor, and
manipulative movements, thereby strengthening the
evidence of the instrument's construct validity. Criterion
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validity was demonstrated by a significant increase in
post-test scores compared to pre-test scores (t(1182) =
72.43; p < 0.001; Cohen's d = 2.15), indicating a very large
effect size. In addition, there was a strong correlation
between teacher observation results and student motor test
scores (r = 0.84; p < 0.01), confirming high concurrent
validity.

Table 5. Comprehensive Measurement Quality of Instruments and Products

Aspect Indicator Result Interpretation
Expert Validity Assessment by media experts, materials, and student _ . -
(Aiken’s V) characteristics V=086 High validity
(Content Validity) Correlation between |tgms on the motor skills r=079-091 valid
observation sheet
Internal Reliability Motor skills test a=10,93 Highly reliable

(Cronbach’s a)

Inter-rater reliability

Two physical education teachers assessed students. ICC =0,89; p<0,001

Very high agreement

(ICC)
Practicality Results of small and large trials (teachers & students) 80% — 89% Very high agreement
Effectiveness . . . .
. Improvement in motor learning outcomes 0,86 Highly effective
(N-Gain)
Table 6. Results of revision based on trials
Trial Results Before Revision After Revision
Small  The choice of bright colors DSemMA® OSeima®

Group for the writing "PJOK"

Modul Pembelajaran

PJOK

Modul Pembelajaran

Providing supporting
images and explanations
for questions

144

Activity 1. Walking and Running

Activity 2. Jumping and Skipping

Activity 3. Circuit Game

C. Knowledge Assessment

1. Mark a cross (X) on the letter a, b, c, or d that
corresponds to the most correct answer.

This is a picture of a child performing the movement.

a. Walking
b. Running
¢. Jumping

LA

This is a picture of a child performing the movement.

a. Walking
b. Running
c. Jumping
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The maximum number of
images for each movement
example is 1 sheet, 4
pictures, and an
explanation.

Instructions for using the

1. In the first activity: by imitating the
movements demonstrated by the teacher,
students run back and forth, moving a ball
a distance of 10-15 meters.

§ % "
2. In the second activity, by imitating the

movements demonstrated by the teacher,
students move a ball and jump using

cardboard.
£ o £ ¢
AA¢i B " \\o*

%%
v * \ v/ =)
3. In the third activity, by imitating the

movements demonstrated by the teacher,
students jump using cones.

® (&
; ¢
i L
:
;
y 2 o v
o 4 »
%:]“

1. Which picture shows running?

f;’
ol

| 4

) I8 4
‘ 7§ ' 4

ot o (o
(PRI

ol o
3. Which picture shows jumping?
4]

¢
‘:\ ' i

o o g 'S

R S
a8

~

Instructions for Using Barcodes in the Physical

barcode should be included Education and Health Teaching Module

in the module.

Barcodes in this module allow you to quickly
and conveniently access additional materials,
video tutorials, or interactive activity sheets.
Follow these steps to use barcodes:

1. Prepare Your Device

a. Use a smartphone or tablet with a camera
and an internet connection.

b. Make sure your device has sufficient battery
power.

2. Install a Barcode/QR Code Scanner App

a. Some devices already have a barcode
scanner feature in their built-in camera app.

b. If it's not available, download a QR Code
scanner app from the Google Play Store or
Apple App Store.

3. How to Scan a Barcode

a. Open the camera app or QR Code scanner
app.

b. Point the camera at the barcode on the
module until it is in the frame.

¢. Wait a few seconds for a link to appear on
your device screen.

4. Access Materials
a. Tap the link that appears to open the content.

b. Ensure a stable internet connection to ensure
smooth access to the materials.

5. Use Materials Appropriate to the Activity

a. The materials you access can be videos,
animated motion, practice guides, or
worksheets.

Instructions for Using Augmented Reality (AR)
Barcodes

(For Physical Education Learning for Children with
Disabilities)

The barcodes in this module will display moving
videos, 3D animations, or exercise instructions using
Augmented Reality (AR) technology.

1. Initial Preparation
a. Prepare a smartphone or tablet with a camera.

b. Make sure the device is connected to the
internet.

¢. Make sure the AR Scanner app or a special app
recommended by the teacher is installed.

2. Comfortable Positioning

a. Make sure the child is in a safe and comfortable
place to move.

b. Use a table or support if the child needs physical
support.

c. For children with hearing impairments: provide
captions or sign language in the app.

d. For children with visual impairments: ensure the
voice guide feature is activated.

3. How to Use
a. Open the AR scanner app on your device.
b. Point the camera at the barcode on the module.
¢. Wait for the image/animation to appear on the
device screen.
d. Listen to the voice instructions or read the
provided guide text.
e. Follow the movements or instructions according
to your child's ability.
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b. Follow the instructions in the materials to
implement the Physical Education (PJOK)
learning according to the specified objectives.

4. Tips for Accompanying Children

a. A teacher or caregiver should accompany the
child while scanning the barcode.

b. If the child has difficulty holding the device, the
caregiver can help position the camera.

¢. Use simple language and repeat instructions if
necessary.

d. Give praise each time the child attempts the
movement.

5. Safety

a. Ensure the area is free of objects that could
interfere with or pose a hazard during movement.

b. Give the child a rest if they appear tired.

Providing an introductory
chapter in the module

Large Understand facts,

Group concepts, and procedures,
as well as practice
variations and
combinations of basic
locomotor movement
patterns, such as jumping
and hopping.

these movements.

(2) Activity 2: Learning movement variations
and combinations Basic locomotor movement
patterns: Jumping and hopping

(3) Activity 3: Learning variations and
combinations of basic locomotor movement

patterns with circuit games

A& & adod,

D

TS

N T W

(1) Activity 1: Learning variations and
combinations of movements. Basic locomotor
movement patterns of walking and running

a) The teacher distributes pictures or examples of a) The teacher distributes pictures or examples of
variations and combinations of basic locomotor
movement patterns, such as jumping and

hopping, and then students are asked to imitate

variations and combinations of basic locomotor
movement patterns, such as jumping and hopping,
and then students are asked to imitate these
movements. Examples of learning activities for
variations and combinations of basic locomotor
movement patterns, such as jumping and hopping,
include:

(1) Activity 1: Learning variations and combinations
of movements. Basic locomotor movement patterns
of walking and running

T IREY
i (5
« \W -

(2) Activity 2: Learning movement variations and
combinations Basic locomotor movement patterns:
Jumping and hopping

o - g d 2=
AdS L3S

(3) Activity 3: Learning variations and combinations
of basic locomotor movement patterns with circuit

games
)
,5"‘1‘. m 3
® P8 34 3

Table 6 above shows that the development of the
teaching module has completed various stages, from the
initial draft to the product revision stage, resulting in an
engaging and appropriate teaching module for children
with intellectual disabilities and hearing impairments in

special education schools. After obtaining a proper module,

an effectiveness test was conducted to determine the extent
to which this module can be used appropriately for children
with disabilities. The table summarises the effectiveness
test assessment.

Based on Table 7 of the effectiveness assessment results,
the game modification module that has been compiled and
developed obtained an average N-Gain score of 0.86,
which is classified as high (g > 0.74). This indicates that

this module is suitable for use in the Physical Education
and Health learning process for students with disabilities in
primary schools, especially deaf students, in special
schools (SDLB).

Inferential Test: A Paired Samples t-test was used to
determine significant differences between pre-test and
post-test scores. The analysis results showed: t (1182) =
72.43, p < 0.001, Cohen’s d = 2.15 — indicating a huge
effect size. Interpretation: The use of AR-based modules
provided a very significant improvement in students' motor
skills. Therefore, the hypothesis that “the use of adaptive
AR modules can improve the motor skills of students with
disabilities” was accepted.
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Table 7. Students' Pre-test and Post-test Results

Research Subjects

Number of Pre-tests Number of Post-tests

3 Schools: SLB N Semarang, SLB Widya Bhakti, and SLB 1182 1184
Swadaya in the Semarang City area
Average 38,8 88,17
N-Gain 0,86
Clarification Tall

4. Discussion

Measurement Quality and Motor Skills Tests. Motor
skills tests are designed to quantitatively measure
improvements in students' gross motor skills after
implementing the Augmented Reality (AR)-based
Adaptive Physical Education module. These tests involve
locomotor movements tailored to the characteristics of
deaf children and children with intellectual disabilities in
Special Schools (SLB).

This research and development successfully produced a
product in the form of an augmented reality-based
learning module that aims to improve the motor skills of
children with disabilities through learning material on the
Development of Basic Locomotor Movement Patterns for
Running, Jumping, and Hopping for disabled primary
school students at SDLB. In addition, this module is
considered suitable for use by teachers in implementing
physical education (PJOK) for children with hearing
impairments. This development is a form of research
oriented towards improving the quality of teaching by
providing special modules for teachers [35]. This teaching
module contains material from one field of study that is
arranged systematically and efficiently, so that it can
support teachers in guiding students' learning process
through an augmented reality-based learning approach
[36]. This developed teaching module is designed to
facilitate teachers in delivering movement material in a
way that is more easily understood by students with
intellectual disabilities and deafness at the elementary
school (SDLB) level. This development is also based on
the consideration that children in SDLB are in the early
stages of growth, where the body's organs are at the peak
of physical development, function, and maturity.
Therefore, it is hoped that this module will support the
creation of optimal movement activities for students [37].
Therefore, repeated exercises can improve the
performance of the motor nervous system, so that a person
finds it easier to perform movements and can maintain the
physical condition of the body after performing complex
movement activities [38].

The product of this research is a module that serves as a
guide for teachers. One of the goals of this teaching
module is to help students understand various interrelated
materials [35]. In line with what was conveyed [39],

quality module generally has several characteristics,
namely: (1) can be used independently (instructional), (2)
complete content, (3) can stand alone without relying on
other sources, (4) is always updated according to
developments, and (5) is easy to use (user-friendly). In the
process of developing this module, efforts have been
made to pay attention to these five aspects. This research
aims to create a learning module for teachers who are still
in short supply. This is because the existing teacher
modules are generally only available for grade 3 of
elementary school and are still limited to balance
movement material [40]. The developed teaching module
has the advantage of being equipped with a barcode that
links directly to a movement demonstration video,
allowing it to be used as a guide by teachers and students.
The presence of engaging visualizations in the module or
teaching materials also plays a role in increasing student
learning motivation [41].

Description of Intervention and Measurement Quality

The intervention was carried out through an
Augmented Reality (AR)-based adaptive physical
education module developed specifically for students with
intellectual disabilities and hearing impairments in special
schools. This module uses simple devices such as
smartphones or tablets with cameras connected to the
internet, and is supported by physical equipment such as
balls, baskets, and cones to support motor activities. In
terms of software, AR is accessed using a QR/AR scanner
application integrated with the ASTA CITA platform,
enabling the use of 3D animations, demonstration videos,
and interactive movement instructions. Each movement
was presented through AR-based animations or
instructional videos accessible via QR codes within the
module. Learners carried out the movements by following
the avatars or the teacher’s demonstration. Performance
on each item was assessed using a five-point Likert scale
(1 = unable to perform, 5 = performed excellently),
focusing on the core aspects of precision, coordination,
balance, speed, and smoothness of movement.

The learning materials are systematically arranged
through warm-up, core activity, and cool-down stages,
with an emphasis on locomotor, non-locomotor, and
manipulative skills such as running, jumping, throwing,
and catching. Access to the AR feature is done by
scanning the barcode in the module, which then displays
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an avatar or video as a movement guide. During the
process, teachers and assistants play an active role in
ensuring that students perform the movements safely and
provide additional assistance when needed. The
presentation of instructions in visual, text, and audio
formats is designed to accommodate diverse learning
needs, especially for students with hearing impairments.

The quality of the module was evaluated through
validity and effectiveness tests. The validation results
showed a high level of feasibility, as indicated by scores
from media experts (96%), subject matter experts (76%),
and disability experts (81%), with an Aiken's V index of
0.86. A limited trial involving 1182 students and two
teachers obtained an average feasibility score of 80%,
while a field test with 1184 students and three teachers
reached 89%, both of which are categorized as feasible to
highly feasible.

Inferential statistical analysis showed a significant
improvement in students' motor skills. Based on pre-test
and post-test data from 1,182 participants in three special
schools, the average score increased from 38.8 to 88.17.
The N-Gain calculation of 0.86 placed the results in the
high category (g > 0.75). Thus, the adaptive AR module
has proven to have strong validity, practicality, and
effectiveness in supporting the adaptive physical
education learning process.

To ensure that instruments and products have good
measurement quality, the analysis can be seen in the
following interpretation of the results:

1. Construct & Content Validity

Aiken’s V value = 0.86 indicates high agreement among
experts regarding the suitability of the content, appearance,
and relevance of the module to the characteristics of SLB
students.

2. Reliability

Cronbach’s alpha of 0.93 indicates very high internal
consistency, signifying that the motor skill test items
measure the same aspects consistently.

3. Practicality & Effectiveness

The application of the module is considered practical
and easy to use by teachers and students. An N-Gain value
of 0.86 (high category) proves that the use of AR
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significantly improves motor skill mastery.

The findings in this study are in line with the results of
other studies that discuss the development of a circuit
learning model as an effort to support the development of
basic locomotor movement patterns of running, jumping,
and hopping in children with disabilities [42]. Validation
results for the teaching module indicate that the document
is quite valid and suitable for use. Meanwhile, the
assessment results for the Student Worksheet (LKPD)
also show a sufficient level of validity, thus deeming it
suitable for implementation. Based on the research
conducted [43], a learning tool using the Bocce game as a
Problem-Based Learning (PBL) medium for children with
disabilities received a very good implementation
assessment. Furthermore, teacher questionnaire responses
indicated that the learning tool was highly suitable for use
[44].

As research conducted by [45]. This research was
conducted to develop a learning model for children with
ADHD. The feasibility of the learning product was
evaluated based on three educational domains: cognitive,
affective, and psychomotor. The results of the trial in all
three domains showed a good category. Furthermore,
validation conducted by two lecturers and two physical
education teachers also resulted in an average rating in the
good category. These findings also strengthen the results
of previous research. Regarding the development of
learning media for special needs students in Bangkalan,
Madura, the results of the study indicate that the use of
basic movement learning media is very suitable for use in
the teaching and learning process for children with special
needs, especially children with mild intellectual disability
[46].

This research focuses on the development of an
augmented reality-based physical education (PJOK)
teaching module to improve the motor skills of children
with intellectual disabilities and deafness. This is
motivated by the current learning needs that require a
module as a flexible guide that can be used in both online
and offline learning, according to existing conditions.
Motor skills play a crucial role in the physical education
learning process for children with disabilities, as they are
directly related to various physical activities and sports
that involve body movement [47].

Table 8. Measurement quality

Aspect Indicator Result Category
Expert validity (Aiken’s V) Assessment by 3 groups of experts (media, material, V =0.86 High
and student characteristics)
Content validity Inter-item consistency on the motor observation sheet r=0.79-0.91 Valid
Reliabilitas (Cronbach’s @) Motor skills test a=0.93 Highly reliable
Practicality (teachers & students) Small (80%) and large (89%) trial results Feasible very feasible

Efektivitas (N-Gain)

Average improvement in learning outcomes

0.86 (high) Effective
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5. Conclusions

Based on data analysis in the study on the Development
of an Adaptive Physical Education Teaching Module
Based on Augmented Reality to Improve the Motor Skills
of Students with Disabilities in Special Needs Schools
(SLB), it can be concluded that the developed PE teaching
module is highly feasible for use. This is evidenced by the
results of small group trials, which indicated a very
feasible category, and large group trials, which also
demonstrated that the product is highly suitable for
implementation in PE learning activities. The uniqueness
or innovation of this research lies in the use of augmented
reality-based images combined with barcodes to access
learning videos, as well as the inclusion of quizzes and
evaluations that teachers can use to measure students'
psychomotor abilities.

The implementation of this teaching module still
requires refinement in the form of further product
development, particularly in the variety of movement
exercises presented. Furthermore, it is recommended that
the teaching module be developed with a more structured
guide so teachers can monitor and evaluate each
movement performed by students with disabilities. This
guide should include indicators and instruments that can
be used to record student learning achievement. This
research and development also has its limitations, namely
that the material is focused only on elementary
school-level SLB students. Therefore, it is recommended
that further research be expanded to other levels of
education, such as SMPLB and SMALB, so that the scope
of development becomes more complete and optimal.
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