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Introduction

Abstract: Students' learning needs need to be considered when teaching in the classroom.
Implementation of differentiated learning is one of the teaching applications that pays
attention to students' needs. The study aims to design static electricity learning devices
with a differentiated approach in facilitating inclusive education. The study is part of the
development of learning devices consisting of three stages, namely: preliminary stage,
development stage and implementation stage. The results show a valid value teaching
module with an average value of 81.25 including the valid category. In the
implementation, a trial of differentiated learning devices was carried out through
teaching in class IX. At this stage, information was obtained on the value of the
implementation of learning implementation above 90 including the Very High category.
Likewise, student learning outcomes at this implementation stage increased with an N-
Gain value of 0.578 including the moderate category. The effect size test value was
obtained at 6,510 including a strong effect. This shows that the implementation of the
differentiated learning device design has a strong effect on static electricity learning
outcomes. The conclusions of the study were obtained as follows: (1) the design of
differentiated learning devices assessed by experts and practices is valid; (2) the
implementation of the differentiated learning device design is included in the high
category, there are two students who have obstacles in the form of slow learners at the
regular school which is the trial location; (3) the design of the differentiated learning
device which is arranged effectively is shown by the N-Gain value in the medium
category and the effect size value in the strong effect category.
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a teaching strategy that adjusts methods, materials, and
assessments according to the individual needs of each

Inclusive education is an approach that seeks to
provide equal learning opportunities for all learners,
including students with various special needs and
diverse backgrounds. In the context of Natural Science
learning, the challenge of meeting the learning needs of
each student becomes increasingly complex due to
differences in characteristics, interests, and learning
styles of students. Differentiated learning emerges as an
effective solution to face this challenge. Differentiation is
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student. By implementing differentiated learning in
inclusive classes, teachers can create a learning
environment that is adaptive and responsive to student
diversity. Differentiated learning adjusts content,
processes, products, and learning environments so that
students can achieve their best potential, taking into
account differences in learning styles, interests, and
learning readiness which are students' learning needs
(Tomlinson, 2001; Tomlinson, 2004; Tomlinson & Moon,
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2013). Differentiated learning assessment can be carried
out in various forms adjusted to student needs.
Differentiated learning can improve students' learning
outcomes in learning physics concepts such as the
concept of light, the concept of global warming, static
fluids (Timbola et al., 2023; Laumarang et al., 2023;
Lagarusu et al., 2023). The learning needs of the three
studies are also different, some choose learning needs
related to learning readiness, some choose learning
profiles.

The implementation of differentiated learning in
schools focuses more on regular students, students who
have obstacles in its implementation are less noticed.
This is what causes the need for a comprehensive
introduction of differentiated learning to teachers or
educators. The implementation of differentiated
teaching varies among teachers, depending on the
experience and support the teacher receives. More
advanced teachers tend to use more complex strategies
and engage students in deeper ways, such as adjusting
content and processes according to the individual needs
of students (Maeng & Bell, 2015). The approach to
differentiation as an adaptation in a diverse classroom,
this perspective emphasizes the importance of adjusting
teaching for all students in a heterogeneous classroom.
This includes variations in teaching methods, lesson
content, and assessments to create an inclusive learning
environment for all students (Eikeland & Ohna, 2022).
Heterogeneous students, including regular students and
those with obstacles, are of course treated according to
their needs, although the school is not a special school
specifically for students with obstacles. Most schools are
regular schools where there are still students with
obstacles, although the number is much smaller.

Inclusive learning is learning that takes into account
the needs of students as a whole from all aspects,
including students who have learning disabilities. The
needs of students who have disabilities also vary
depending on the disabilities that the students have. In
special schools, the teaching needs of students with
special needs have been served according to the
students' disabilities. This is different from students
with special needs who attend regular schools/public
schools. Students with special needs who attend
regular/public schools are wusually students who
experience mild disabilities such as slow learners or
other mild physical disabilities who can carry out
activities together with regular students, even though
they need individual learning assistance.

Implementation of inclusive strategies helps to
overcome some of the barriers that previously prevented
regular students and students with disabilities from
fully participating in the learning process. Teaching
begins with implementing more flexible and adaptive
teaching methods. Inclusive teaching strategies help to
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increase overall student participation, both regular
students and students with disabilities. In inclusive
learning, the didactic dimension needs attention. This
dimension involves teacher teaching competence,
subject knowledge, and the ability to adjust teaching
according to students' learning needs (Molbaek, 2018).
Differentiated learning by utilizing supporting media in
learning is a solution in teaching static electricity in
regular schools that have students with mild disabilities.
This is in accordance with the mandate of the Regulation
of the Minister of Education and Culture, Research and
Technology Number 48 of 2023 concerning appropriate
accommodation for students with disabilities at all levels
of education, from Early Childhood Education to higher
education. This regulation aims to ensure that every
student with disabilities has equal access to education by
providing appropriate facilities and infrastructure,
budget support, and curriculum adjustments. Some
important points of this regulation include the
obligation of every formal school to provide Reasonable
Accommodation, which includes facilities, services, and
adjustments to learning methods to meet the special
needs of students with disabilities (Kemendikbudristek,
2023).

Method

Research is part of development research that uses
a flow development design (Borg & Gall, 2007) which is
simplified by Sukmadinata into 3 stages, namely the
preliminary stage, the development stage, and the
Implementation stage (Sukmadinata, 2017). The
research flow is as shown in Figure 1. Trial location at
one of the junior high schools in Gorontalo Regency.
Junior high schools are schools that implement general
learning, not special schools or inclusive schools.

In this development research, the data is focused on
three aspects of assessing the quality of differentiated
learning devices to facilitate inclusive teaching, namely:
valid, practical and effective (Nieveen, 1999). One of the
validated learning devices is a teaching module. The
criteria for valid teaching modules refer to the following
value ranges. 85% - 100%: very valid (VV); 69% - 84%:
valid (V); 53% - 68%: fairly valid (FV); 21% - 36%: not
valid (NV) (Ratumanan & Laurens, 2011). To assess the
practicality of learning, it can be observed from the
implementation of differentiated learning in the
classroom. The criteria for the implementation of
learning are according to the following value ranges.
Criteria for the Level of Learning Implementation: 80.1 -
100: Very High; 60.1 - 80.0: High; 40.1 - 60.0: Moderate;
20.1 - 40.0: Low; 0.0 - 20.0: Very Low (Ratumanan &
Laurens, 2011).
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Preliminary Stages
Analysis of literature studies, field study curriculum of
Differentiated Learning, Teaching of Inclusion
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Figure 1. Differentiated Learning Design Flow

To test the effectiveness or effect of differentiated
learning to facilitate inclusion on static electricity
learning outcomes, the N-Gain test and effect size were
used. The N-Gain test aims to calculate the increase in
learning outcomes after the application of differentiated
learning in facilitating inclusive education. Hake (1999)
that the analysis in terms of the average gain is
normalized to be defined as the ratio of the actual
average gain to the maximum possible average gain,
with the mathematical equation.

%<g> _ (%<Sf>-%<S;>)

<> = 100- %<S;>) (@)

%<g>max

Where : <g>: Gain score; Si: average pre-test; Sf : average
post-test

After the calculations have been completed, the
results obtained are then implemented based on the
following N-Gain value criteria. <g> 2 0.7 high; 0.3 < <g>
< 0.7 medium; <g> <0, low.

Effect size test to measure the effect of learning
differentiated learning model on learning outcomes. To
measure the effect size, Cohen's d equation is used for
one class with pretest and post-test data (Cohen et al.,
2018). The equation takes into account the paired nature
of the data and uses the standard deviation of the
difference between pretest and post-test scores.

— Xpost—Xpre (2)
SDdifference
where:

Xpost: Average post-test results.
Xpre: Average pretest results.
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(SDgifference\): Standard deviation of the difference
between pretest and post-test scores.

The standard deviation of the difference is calculated
as:

’E(d-—&)z
SDdL‘fference = # (3)

where:

- (d; = Xpost — Xpre\): Differences for each participant.
- (d): Average of all differences ((d = X,o5t — Xpre))-

- (n\): Number of class participants.

By the categories used in Cohen’s d: Value Range 0-
0.20 = weak effect; 0.21-0.50 = modest effect; 0.51-1.00 =
moderate effect; dan > 1.00 = strong effect (Cohen et al.,
2018).

Result and Discussion

Based on the results of the research on the design of
differentiated learning tools on the concept of static
electricity, three main data related to the validity,
practicality and effectiveness of differentiated learning
tools are presented. After the design of differentiated
learning tools was completed, assessments were carried
out from experts and practitioners through FGD
activities. The data from the assessment results of
differentiated learning tools to facilitate inclusion
education are shown in Figure 2.

100.00
83.33 8333 8333 g105

| 75.00 I | I

Construction Content Readability Appearand®verall average

80.00
60.00
40.00
20.00

0.00

Figure 2. The percentage of the Validator's Average Score for
the Assessment of the Teaching Module.

Figure 2. It shows the percentage of expert and
practitioner assessment of differentiated learning
designs on the concept of static electricity that is
included in the valid criteria. The average validation
score is above 75%. The qualitative data results were
obtained through Focus Group Discussion (FGD)
activities related to the design of differentiated learning
tools to facilitate inclusive learning on the concept of
static electricity. This learning tool design activity was
attended by physics learning experts, physics teaching
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evaluation experts, physics/electricity content/concept
experts, practitioners and researchers of extraordinary
learning. From the results of the Focus Group Discussion
(FGD), several recommendations such as: it is necessary
to teach the concept of static electricity based on several
concepts that exist in students' daily life experiences, the
use of PhET in introducing abstract concepts, learning
steps for students with special needs who have mild
obstacles, making individual learning programs by
facilitating various media, conducting diagnostic tests at
the beginning of learning.

100 90.00 9200  95.00
80
60
40
20
0
Learning Learning Learning
1 2 3
Figure 3. Device Implementation Percentage of Each Learning
Meeting
Figure 3 shows that the percentage of

implementation of learning tools from meetings 1, 2 and
3 has an average value above 90 percent. From meeting
1 to meeting 3, there was an increase in the
implementation of differentiated learning tools. This
shows that the implementation carried out by teachers is
in accordance with the learning design that has been
prepared.

Table 1. N-Gain Static Electricity Learning Outcomes

Respondent N-Gain (g) Category
Respondent 1 0.602 Medium
Respondent 2 0.627 Medium
Respondent 3 0.494 Medium
Respondent 4 0.560 Medium
Respondent 5 0.440 Medium
(Slow Learner)

Respondent 6 0.602 Medium
Respondent 7 0.560 Medium
Respondent 8 0.560 Medium
Respondent 9 0.494 Medium
(Slow Learner)

Respondent 10 0.602 Medium
Respondent 11 0.746 High
Respondent 12 0.602 Medium
Respondent 13 0.373 Medium
Respondent 14 0.560 Medium
Respondent 15 0.560 Medium
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Respondent N-Gain (g) Category
Respondent 16 0.602 Medium
Respondent 17 0.773 High
Respondent 18 0.627 Medium
Respondent 19 0.494 Medium
Respondent 20 0.560 Medium
Respondent 21 0.560 Medium
Respondent 22 0.667 Medium
Respondent 23 0.627 Medium

In addition to the N-Gain value, the value of the size
effect of student learning outcomes on the concept of
static electricity was also obtained. The average value of
N-Gain and the size effect can be shown in the Table 2

Table 2. Average N-Gain Value and Effect Size Value

Test Value Category
N-Gain 0.578. Medium
Effect Size/ 6.510 strong effect
Cohen's d

Table 2 shows that the average value of N-Gain is
0.578 included in the medium category, while the value
of the size effect shows a value above 1, which shows
that the differentiated learning designed has a strong
effect on the learning results of static electricity concepts
in the trial class.

According to the recommendations of the Focus
Group Discussion (FGD), static electricity learning by
differentiation should use an approach that utilizes
events related to daily life. An example is the use of
props such as plastic or glass plates rubbed with wool or
silk cloth to show how objects can charge after contact
with other materials. This is implemented in static
electricity learning by using simple props that are easy
to obtain in the student environment can also be through
laboratory activities both in the lab and in the classroom,
which can increase students' understanding of concepts
and involvement in learning (Sulistioning et al., 2020;
Octavia et al., 2021).

In addition to utilizing simple teaching aids and
experimental tools (KIT IPA), increasing the mastery of
the concept of static electricity in differentiated learning
is also possible through the use of virtual experiments
and videos. Students today tend to use information
technology with gadgets and laptops and love short
videos. The use of information technology such as PhET
simulations can increase motivation and reduce
misconceptions about the concept of static electricity
(Ismalia et al, 2022; Feyzioglu et al, 2018). The
improvement of static electricity learning outcomes in
the medium and high categories is supported by the
learning that has been implemented.
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The concept of static electricity often poses
challenges for students, leading to misconceptions that
hinder students' understanding. The complexity of the
concept of static electricity contributes to students'
difficulties, especially when appropriate learning
materials are not available (Asrowi, 2023). Several
studies emphasize that the abstraction of static electricity
and the need for mathematical problem-solving skills
complicate students' learning experience so that it
requires appropriate strategies, media and learning
models (Aggraini, 2015, Ajredini et al., 2014; Shohib et
al., 2021; Suantari et al., 2018, Nilyani, 2023). This
misconception can be overcome through conceptual

change instruction that improves  students'
understanding (Dilber, 2010, Octavia et al., 2021).
Understanding  static  electricity ~ through

demonstration equipment and laboratory experiments is
essential for junior high school students, as it allows
them to be directly involved and deepen their
understanding of the concepts involved. The
development of effective learning media such as the
Wimshurst machine has been shown to improve student
understanding by providing interactive and practical
experiences (Asrowi, 2023; Collazos et al., 2016).
Research shows that experiential learning is effective in
science education, encouraging students to be actively
involved with the subject matter (Supardi & Hasanah,
2020). The integration of technology in the teaching of
static  electricity  also  improves  conceptual
understanding and connects scientific concepts with
real-world applications (Shen & Linn, 2010).

Through the implementation of varied learning for
the concept of static electricity, differentiated teaching is
easier for teachers to implement, which has an impact on
improving student learning outcomes in the medium
and high categories. Research shows that differentiated
learning can improve learning outcomes of physics
concepts because it allows students to process
information more effectively and relevant (Timbola et
al,, 2023; Laumarang et al., 2023; Lagarusu et al., 2023).
For students who have barriers, learning outcomes are
also improved through strategies such as the use of
videos and interactive simulations that help understand
abstract concepts more realistically. Strategies such as
flexible grouping, the use of visual aids, and learning
adaptation are important elements in the successful
implementation of inclusive teaching (Elder et al., 2016).

In addition, training for teachers is very important
to increase the effectiveness of teaching static electricity
for students with special needs such as slow learners in
public schools. Teachers need to be trained to
understand the characteristics and needs of students
with special needs and adapt teaching methods and
models that meet the needs of students to be more
inclusive (Zagona et al., 2017; Maeng & Bell, 2015;
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Molbaek, 2018). This approach is in line with the
principle of inclusive education which advocates equal
opportunities regardless of ability (Asri et al., 2021;
Eikeland & Ohna, 2022) and emphasized the importance
of teachers understanding the skills needed to effectively
implement inclusive practices (Florian & Black-
Hawkins, 2011). Thus, a combination of a collaborative
approach, the use of appropriate teaching aids,
adaptation of teaching materials, and teacher training
can create a more effective learning environment for
students with special needs in understanding the
concept of static electricity.

Conclusion

Based on data analysis and discussion, conclusions
were obtained: (1) Differentiated learning design on the
concept of static electricity to facilitate inclusive
education in valid values by experts and practitioners;
(2) the implementation of the design of differentiated
learning tools on the concept of static electricity to
facilitate inclusive education including in the high
category, in the implementation class there are 2 slow
learner students; (3) the effective learning tool was
reviewed from the N-Gain value in the medium category
and the size effect value in the strong effect category.
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