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Abstract. This study aims to determine the improvement in students' learning outcomes on
Newton's Laws material at SMA Kemala Bhayangkari 1 Kubu Raya, through differentiated
learning using the discovery learning model. The research design employed is a quasi-
experimental design with a nonequivalent control group design. The research sample consisted
of Class XI Physics 1 and Class XI Physics 2, each with 31 students, selected using the intact
group random sampling technique. The instrument used was a test. The data were analyzed using
descriptive and inferential statistical analysis techniques. In the pretest, the experimental class
obtained a score of 25.16, and the control class 15.48, both falling in the low category. After the
treatment, the experimental class's posttest score increased to 84.83 (high category), while the
control class reached 50 (medium category). Based on Cohen’s d effect size value, the
effectiveness of implementing differentiated learning with the discovery learning model in
improving learning outcomes was 2.042, which falls into the high category. In addition, based
on a learning style questionnaire, 20 students preferred the auditory learning style. This study
concludes that the implementation of differentiated learning using the discovery learning model
is effective in improving students' learning outcomes on Newton’s Laws material.
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1. Introduction

Education has an important role in improving the quality of human resources (HR). Ki Hajar Dewantara
stated that "Education is the power of effort to advance the growth of character (inner strength,
character), mind (intellectual), and body of children." This thinking emphasises the importance of
respecting the uniqueness and development of each learner. Although he did not explicitly propose
differentiated learning, this concept is in line with his views [1].

To improve the quality of education, the Indonesian government implemented the Merdeka
Curriculum. This curriculum gives teachers the flexibility to adapt learning to the needs and
characteristics of students[2]. The Merdeka Curriculum is designed to be simpler and more flexible,
and provides space for strengthening the character and competency development of students by the
Pancasila Learner Profile [3].

The Merdeka Curriculum is designed to be simpler and focus on strengthening character and
developing student potential. This shows that this curriculum not only pursues cognitive aspects, but
also emphasises the importance of holistic education [4]. This curriculum is the basis for learning
innovations, including differentiation. The Merdeka Curriculum also encourages teachers to be more
creative and innovative in delivering material. But in reality, the implementation of this curriculum in
the field still faces many challenges. One of the main challenges is seen in the physics subject, which is
often considered difficult due to the conventional teaching approach [5].
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Many students feel that physics is difficult to understand due to the dominance of the lecture method,
the large number of formulas, and the lack of contextual material. As a result, students' motivation to
learn is low, which has an impact on unsatisfactory learning outcomes [6]. Therefore, a learning
approach that is more active, interesting, and in accordance with the way students learn is needed so that
the understanding of physics concepts increases. Each student has a different learning style, ranging
from visual, auditory, to kinesthetic. This diversity requires teachers to not only use one method, but to
combine various suitable learning strategies. With an adaptive and diverse approach, all students can
learn optimally according to their characteristics [7].

Based on an interview with the physics teacher at the school, it is known that the lecture method is
still dominant and the average score of students only reaches 60, while the school's target score is 75.
Therefore, this research is important to do with the aim of knowing whether the implementation of
differentiated learning on the discovery learning model is effective in improving students' learning
outcomes on Newton's Law material.

2. Methods

The research design used in this research is an Experimental design with the form of a Nonequivalent
Control Group Design. Quasi-experimental design has a control group, but it cannot fully control outside
variables that can affect the implementation of the experiment [8]. In this research design, researchers
used one control group and one experimental group, which began with giving a pretest to each group
and ended with a posttest.

This research was conducted at SMA Kemala Bhayangkari 1, Kubu Raya, with a population of 93
students consisting of three classes, namely XI Physics 1, XI Physics 2, and XI Physics 3. From this
population, the sampling technique used was an intact group random sampling technique. The sample
in this study was class XI Physics 1, which was used as an experimental class, and class XI Physics 2,
which was used as a control class, with each class totalling 31 students. As for the documentation study
technique in this study, in is the form of notes, photos, files, or learning artefacts related to the focus of
research.

The data collection techniques used in this study are measurement techniques (tests), documentation
study techniques, and questionnaire techniques. For measurement techniques (tests), namely scoring the
answers to the initial test questions and the final test of students. The initial technique aims to determine
the learning outcomes of students before implementing differentiated learning with the discovery
learning model. The final test to determine the learning outcomes of students after the implementation
of differentiated learning with the discovery learning model. The questionnaire technique was used to
obtain data on the learning style of students before implementing differentiated learning with the
discovery learning model. The questionnaire used in this study is a learning style questionnaire
consisting of 14 items on audio, visual, and kinesthetic. The instruments used in this study were test
questions and questionnaires.

The validity level of the learning outcomes test and teaching module obtained is 1.00 with a high
category. Meanwhile, the validity of the learning style questionnaire consists of 14 items of questions
used, consisting of audio, visual, and kinesthetic, and gets a value of 0.78 with a high category.

The steps of this study began with determining the research design, namely, using a pseudo-
experiment involving two classes, namely the experimental class and the control class. Furthermore,
researchers identified the learning styles of students through special instruments to find out whether
students belong to the visual, auditory, or kinesthetic learning style category. Based on the identification
results, learners were then divided into mixed learning groups consisting of a combination of the three
learning styles equally. In the next stage, the application of the discovery learning model combined with
differentiated learning was conducted in the experimental class, while in the control class, the expository
method was used.

The learning process in the experimental class was carried out in stages in the discovery learning
model, namely through six phases: stimulation, problem statement, data collection, data processing,
verification, and generalization. After the learning process took place, data on student learning outcomes
were collected through pretest and posttest tests. The data obtained was then analysed using statistical
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tests, such as the t-test, to determine whether there was a significant difference between the experimental
and control classes. The last step in this research is to compare the learning outcomes between the two
classes to conclude the effectiveness of the application of the discovery learning model with a
differentiated approach based on learning styles.

The data analysis used in this study is the learning outcomes of students before and after being given
treatment on Newton's Law material. Data were collected through pretest and posttest, then given a score
according to the assessment rubric and converted to a percentage to determine the level of understanding.
Learning outcomes are categorized based on the percentage score range of learning outcomes at the time
of the pretest and posttest to determine the increase in learning outcomes according to equation 1.

Total Score 2%

Average = post x 100% (@)

Total number of students

The improvement of learning outcomes is measured using the N-Gain Score, which shows the
effectiveness of learning with low, medium, and high categories formulated by equation 2.

. Post test score—pre test score
N — Gain = ( P ) (2)

(Ideal score—Pre test score)

The difference in the average improvement of learning outcomes is tested using the two means
equality test (t-test) if the data is normal and homogeneous, or the U-Mann-Withney test if not. The
decision is based on the significance value (sig), where if sig <0.05, then there is a significant difference
between the control class and the experimental class using the t-test.

To determine the effectiveness of the implementation of differentiated learning in the discovery
learning model in improving the learning outcomes of students in class XI SMA Kemala Bhayangkari
1, Kubu Raya, on Newton's Law material, the effectiveness can be calculated using the effect size
formula from Cohen adopted by Glass in equation 3.

7._¥
Es =—£—C 3

Sc

where ES is the effect size,YE is the average value of the experimental class posttest,Y ¢ is the average
value of the control class posttest, whileSC is the combined standard deviation of the two classes.

3. Result and Discussion
This study aims to determine the effectiveness of differentiated learning with a discovery learning model
on improving student learning outcomes on Newton's Law material at Kemala Bhayangkari 1 Kubu
Raya High School. Before being given treatment, a pretest was conducted in the experimental class and
control class to determine the level of initial mastery of students on Newton's Law material. After that,
the experimental class was given treatment using a differentiated learning model with a discovery
learning approach, while the control class used a conventional model. The posttest results showed an
increase in scores in both classes, but the increase in the experimental class was more significant than
in the control class.

Based on the results of descriptive analysis, it shows the increase in scores on the pretest and posttest

of the experimental class and control class is seen in the table below.

Table 1. Data distribution of learner learning outcome scores.

N Experimental Class Control Class
Pretest Posttest N-Gain  Pretest Posttest N-Gain
32 25.16 84.83 0.79 15.48 50 0.39

Based on the table above, it can be obtained that the experimental class has a value with a high
category and the control class has a medium category. This is because differentiated learning with the
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discovery learning model is effective in improving students' learning outcomes compared to
conventional methods. [9] learners who learn with discovery learning show higher improvements in
concept understanding, critical thinking skills, and problem-solving abilities compared to learners who
learn using the discovery learning method with learning styles. Discovery-based learning helps learners
with different learning styles to achieve optimal results, as they can customize the approach that best
suits the way they absorb information.

Specifically, the analysis of pretest and posttest scores can be seen at each level of learner ability.
Based on the results of the analysis of pretest and posttest scores, there is a significant difference in the
learning outcomes of students before and after being given treatment in the experimental class and
control class in Newton's Law material. Before being given treatment, the pretest score in the control
class showed that most students were in the low category with an average score of 15.48, while the
experimental class had an average score of 25.16. After being given treatment, the experimental class
posttest score increased to 84.83 with a high category with the calculation of the N-Gain Score showing
that the experimental class had a value of 0.79 (high category), while the control class only reached 50
in the moderate category with the calculation of the N-Gain Score the control class only reached 0.39
(moderate category). These results are in line with previous research, which shows that experimental
methods are more effective in improving students' cognitive learning outcomes than conventional
methods[10]. Research [11] also supports that experimental methods are more effective than
conventional methods in improving students' understanding. In this research, learners are divided into
group based on indicators of learning outcomes of cognitive abilities from each aspect, from the ability
to remember to the ability to create. Meanwhile, the table of learning outcome indicators is shown in the
figure 1.

m Experimental class Control class

58.29

42.84

28.99

26.34
22.6 25.07  24.69
17.54

9.28 10.56 8.32
1.6
|
C1 Cc2 C4 C5 Cé6

Figure 1. Data on the average difference score based on indicators

C3

The increase in student learning outcomes is not only seen from the total score, but also from each
question indicator in the cognitive dimension. In the experimental class, the highest increase occurred
at the analysis level (C4) with an increase in the pretest value of 5.44. This is because learning with the
discovery learning model encourages students to analyse and evaluate information independently. This
finding is supported by the results of research in Saudi Arabia, which shows that the use of guided
discovery and scaffolding strategies significantly improves higher-order thinking skills[12]. In addition,
on the indicator of creating (C6), learners were in the moderate category, with 58.40% of them able to
choose and write answers correctly, as supported by research [13].

In the experimental class, the smallest increase occurred at the low cognitive level (C1) with an
increase of 1.6, from the pretest score of 18.24. Learners already understand the questions at the
cognitive level (C1) , with the ability to remember. One of the causes is that students already have a
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high ability to question at this level [14]. This finding also found that although there was an increase in
learning outcomes at the C1 level after treatment, the increase was not significant because students
already had knowledge from the beginning. Meanwhile, the study [15] also showed that posttest scores
at the C1 level were higher in the experimental class than in the control class, indicating that learners
already understood the basic concepts from the beginning.

In the control class, the highest increase occurred at the application level (C3) with an increase of
28.99, from the pretest score of 12.5 to 41.49 in the posttest. This is because in the control class, the
teacher gave more examples of problems to students using Newton's Law. This also shows that the
cognitive ability of students at the application level (C3) in solving Newton's Law problems has a
percentage of 60%, which indicates that many students can apply concepts after being given examples
of appropriate problems[16].

Meanwhile, the smallest increase in the control class occurred at the level of creating (C6) with an
increase of only 8.32 points, from the pretest average score of 1.6. This suggests that the learning method
used is less effective in helping learners understand, apply, and analyse material that requires higher-
order thinking skills. Research [17] reveals that without appropriate learning strategies, students have
difficulty in solving problems that require analytical, evaluative, and creative thinking skills. This
finding is consistent with Bruner's theory, which emphasises that discovery-based learning helps
learners more easily understand concepts before applying them.

In addition, the results showed that the implementation of differentiated learning with a discovery

learning model led to a more significant increase in learning outcomes in the experimental class
compared to the control class, with a significance value of 0.000 <0.05. This is reinforced by the research
of Muslim et al. (2023), which stated that the use of differentiated discovery models significantly
improved concept understanding and process skills.
This finding is supported by research[18] , which shows that the use of various learning styles, such as
visual, audio, and kinesthetic, can significantly improve concept understanding. By understanding the
learning styles of students, educators can develop learning strategies that are more effective and support
the optimal development of each individual in the classroom [19].

In this study, experimental class learners were grouped based on their learning styles, with the
majority having audio (20 students), visual (7 students), and kinesthetic (4 students) learning styles. This
approach is in line with research showing that grouping based on learning styles increases learning
effectiveness [20]. Meanwhile, research [21] confirms that differentiated learning tailored to individual
learning styles can improve learners' understanding.

From the data obtained, learners are grouped with visual, audio, and kinesthetic learners in one
group. By combining various methods and strategies in one lesson, teachers can ensure that all students
with visual, audio, and kinesthetic learning styles can understand the material optimally. Each student
has a unique way of learning, so a varied approach will help them to absorb information more effectively.
If learning is only focused on one learning style, then students with different learning styles may have
difficulty understanding the concepts taught. Therefore, it is important for teachers to design strategies
that include various approaches so that all students can be actively involved in the learning process.

The effectiveness of the implementation of differentiated learning with the discovery learning model
was also analysed using Cohen's d Effect Size value, which showed an effectiveness of 1.05 and fell
into the high category. This result is in line with the research [22], which shows that differentiated
learning with discovery learning model has an effect size value of 1.05, which is also categorised as
high. Based on Cohen's criteria, this value shows a significant impact on improving student learning
outcomes.

Thus, the implementation of differentiated learning with the discovery learning model is proven to
be more effective in improving learning outcomes than the expository method. This combination of
methods helps learners understand the material more deeply with an approach that suits their learning
style. Research [23] supports that differentiated learning combined with discovery learning can
significantly improve learning outcomes. Therefore, this approach can be a recommended strategy for
educators in improving the quality of learning in the classroom.
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4, Conclusion

Based on the results of data analysis and discussion, it can be concluded that the implementation of
differentiated learning with the discovery learning model is effective in improving students' learning
outcomes on Newton's Law material at Kemala Bhayangkari 1 Kubu Raya High School. This is
indicated by an increase in the score of learning outcomes from the low to high category in the
experimental class, as well as a significant difference between the experimental and control classes
based on the independent sample t-test with a significance value of 0.000 (<0.05), so Ha is accepted and
Ho is rejected (there is an increase in learning outcomes after the implementation of differentiated
learning discovery learning model). In addition, the effect size value of 2.042 indicates that the
effectiveness of the applied learning model is in the high category. Thus, the implementation of
differentiated learning based on discovery learning is proven to be able to significantly improve student
learning outcomes.

Acknowledgements

Our deepest gratitude goes to all parties who were able to help and support us in completing this research.
We would like to thank SMA Kemala Bhayangkari 1 Kubu Raya for providing the facilities and
resources needed in this research. Without such support, this research would not have run smoothly.
Hopefully, this research can be useful for readers and for the advancement of science in the field of
education.

References

[1] Safitri N, Safriana S and Fadieny N 2023 Literatur Review: Model Pembelajaran Berdiferensiasi
Meningkatkan Hasil Belajar Peserta Didik Jurnal Pendidikan dan lImu Fisika (JPIF) 246-55

[2] Hasibuan A R G, Amalia A, Resky M, Adelin N, Muafa N F and Zulfikri M A 2024 Prinsip
Pembelajaran Kurikulum Merdeka (Tinjauan Holistik Paradigma Ki Hajar Dewantara Sebagai
Pendekatan) NUSRA : Jurnal Penelitian dan Ilmu Pendidikan 5 663—73

[3] Kementrian Pendidikan Kebudayaan, Riset dan Teknology B S K Merdeka 2022 No Title

[4] Dwipratama A A 2023 Study of Ki Hadjar Dewantara’s educational thinking and its relevance to
Kurikulum Merdeka Inovasi Kurikulum 20 37-48

[5] Santoso P H, Istiyono E and Haryanto 2022 Physics Teachers’ Perceptions about Their Judgments
within Differentiated Learning Environments: A Case for the Implementation of Technology
Education Sciences 12

[6] LaialSA, SitorusP, Surbakti M, Simanullang E N, Tumanggor R M and Silaban B 2022 Pengaruh
Strategi Pembelajaran Berdiferensiasi terhadap Hasil Belajar Peserta Didik SMA Negeri 1
Lahusa Jurnal llmiah Wahana Pendidikan 8 314-21

[7] Susanti A, Darmansyah A, Nagsyahbandi F and Muktadir A 2024 Analyzing student learning style
profiles for differentiated learning in merdeka curriculum in elementary schools Cendikia: Media
Jurnal llmiah Pendidikan 14 209-23

[8] Sugiyono 2020 Metodologi Penelitian Kuantitatif, Kualitatif dan R & D

[9] Zendrato A, Mendrofa N K, Telaumbanua Y N and Lase S 2024 Pengaruh Model Pembelajaran
Discovery Learning terhadap Kemampuan Berpikir Kritis ditinjau dari Gaya Belajar Siswa
UPTD SMP Negeri 1 Gunungsitoli Alo * oa 4 442-55

[10] Gorontalo U N Pengaruh penggunaan peragaan gerak terhadap frekuensi miskonsepsi siswa sma
pada topik kinematika gerak 8 33-46

[11] Putri D R, Susilawati S and Wahyudi W 2024 Pengaruh Model Pembelajaran Berbasis Masalah
Melalui Metode Praktikum Terhadap Hasil Belajar Peserta Didik Pada Materi Pengukuran
Jurnal llmiah Profesi Pendidikan 9 187-93

[12] Alanazi A A, Osman K and Halim L 2024 Effect of scaffolding strategies and guided discovery
on higher-orderthinking skills in physics education Eurasia Journal of Mathematics, Science and
Technology Education 20

[13] Ratnasari R, Haris A and Azis A 2021 Studi Kemampuan Berpikir Tingkat Tinggi Fisika Di Sma
Jurnal Sains dan Pendidikan Fisika 17 57



[14]
[15]

[16]

[17]
[18]
[19]

[20]
[21]

[22]
[23]

Implementation of Differentiation in the....

Mutiara S 2019 No Title

Liswar F, Hidayati A, Rayendra R and Yeni F 2023 Use of Phet Interactive Simulation Software
in Physics Learning Jurnal Penelitian Pendidikan IPA 9 13542

Melida H N, Sinaga P and Feranie S 2016 Implementasi Strategi Writing to Learn untuk
Meningkatkan Kemampuan Kognitif dan Keterampilan Berpikir Kritis Siswa SMA pada Materi
Hukum Newton Jurnal Penelitian & Pengembangan Pendidikan Fisika 02 31-8

Reski F I, Asrar M and Cece M A 2025 Pengaruh Discovery Learning Dengan Pendekatan
Berdiferensiasi Terhadap Hasil Belajar Biologi Peserta Didik SMA Negeri 9 Makassar 9 1-10

Yulianci S and Nurjumiati 2020 Analisis Karakteristik Gaya Belajar VAK (Visual, Auditori,
Kinestetik) Siswa Pada Pembelajaran Fisika Jurnal Pendidikan Mipa 10 40-4

Safira Septiana A, Nurhidayah L, Gelly Gera |, Santoso G and Tunas Bangsa S 2023 Karakteristik
Peserta Didik Dalam Proses Pembelajaran Bahasa Inggris di MI Al-Hidayah Purwasaba Kelas VV
Jurnal Pendidikan Transformatif (JPT) 02 2963-3176

Lisnawati T, Suroyo and Pribadi B A 2022 Jurnal basicedu Jurnal Basicedu 6 2912-21

Ellis R, Diantra Sampe P, Program *, Bimbingan S, Konseling D and Pattimura U 2022
Pedagogika: Jurnal Pedagogik dan Dinamika Pendidikan Jurnal Pedagogik dan Dinamika
Pendidikan 10 12—7

Maisyaroh S 2020 Meta - Analisis Pembelajaran Online Discovery Learning Senandika 8 509-18

Suwartiningsih S 2021 Penerapan Pembelajaran Berdiferensiasi untuk Meningkatkan Hasil
Belajar Siswa pada Mata Pelajaran IPA Pokok Bahasan Tanah dan Keberlangsungan Kehidupan
di Kelas IXb Semester Genap SMPN 4 Monta Tahun Pelajaran 2020/2021 Jurnal Pendidikan
dan Pembelajaran Indonesia (JPPI) 1 80-94

293



