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ABSTRACT

Problem Solving Skills are very important skills in life because they help students find creative and
innovative solutions to various complex problems. In addition, global warming is one of the physics
materials studied in the Independent Curriculum phase E. Through learning with the Interactive Digital
Physics Module, students can learn scientific principles and concepts to solve problems. However, so
far physics learning has been more focused on physics products, while aspects of the scientific process
and attitude that should be trained are often neglected. The purpose of this study was to develop an
interactive digital physics module on the concept of global warming to improve students' PSS. This
research method uses the ADDIE model with a sample size of 37 in one of the schools in Banten
Province, Indonesia. The results showed that the characteristics of the IDMP on the concept of global
warming can improve students’' PSS tests consisting of indicators Defining problems clearly increased
by 0.71, Making action plans increased by 0.72, indicators Implementing plans effectively increased by
0.63 and indicators Assessing and reflecting on results increased by 0.65 categories. The N-gain results
of the four indicators were 0.69, meaning that students' PSS increased in the moderate category.

Keywords : Digital Module; Global warming; Media; Physics; Problem Solving Skills .
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INTRODUCTION

Universities need to develop a perspective and train the mindset of the academic
community in preparing their graduates to face the challenges of the industrial revolution 5.0.
One of the challenges is problem solving skills which require learning outcomes in aspects of
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attitudes and values, knowledge and skills according to Graduate Learning Outcomes (CPL)
(Desmet, 2024; Mutohhari et al., 2021). CPL master's degree in physics education is the ability
to apply areas of expertise and utilize science and technology (Deta et al., 2024; Grayson, 2020).
Physics is the key to uncovering the Global Warming phenomenon. Concepts such as the
greenhouse effect, radiation, and albedo help to understand the processes and impacts of this
phenomenon. This knowledge is essential in formulating appropriate solutions and policies to
overcome them. Innovative and interactive learning media is present as a solution to help
students and the public understand physics concepts related to Global Warming (Ngodu et al.,
2024). Simulations, animations are able to visualize complex processes and increase
participation in learning.

Other facts show that based on the results of learning observations conducted by
researchers in several secondary schools in Jakarta and Tangerang involving 30 students, it was
found that 85% of students did not know the causes of global mobilization, 73% of students
could not mention the effects of global warming correctly and 50% of students did not
understand. Actions that must be taken to reduce global warming. This is supported by data
regarding Problem Solving Skills (PSS) which has indicators such as realizing that there is a
problem situation, building an understanding of the nature of the situation, identifying specific
problems that must be solved, planning solutions, implementing solutions. Based on the test
results, 19 students or 47.5% got a score of 0-54 in the very low category, 15 students or 37.5%
got a score of 55-64 in the low category, 4 students or 10% got a score of 65-79 in the medium
category. , and 2 students or 5% got a score of 80-89 in the high category (Fajrin et al., 2024).

When compared to printed modules, interactive digital modules make it easier for users
to interact and be active, such as actively paying attention to images, sounds, animations, even
videos and films (Pyo et al., 2021; Yang et al., 2021). Digital modules take the form of
simulations and animations that can arouse enthusiasm and have high graphic value in their
presentation (Feri & Zulherman Z, 2021). Interactive learning modules on basic physics and
mathematics concepts are online learning modules that are useful in encouraging student
learning and readiness (Rahmatsyah & Dwiningsih K, 2021). The Digital Module trains critical
thinking skills, there are learning videos which have a significant impact on improving students'
understanding of learning (Febliza et al., 2023). Digital modules on vector concepts (F. Wibowo
et al., 2023)and a module called MyKimDG which was developed to improve conceptual
understanding and development of 21st century skills in the field of chemistry (Osman & Lay,
2022)and digital modules in the field of engineering education(Nopriana et al., 2023)

However, many digital modules have been developed for science learning, such as
digital modules with Blended learning (Laskaris et al., 2017); Chemistry Magazine's Digital
Chemistry Module on Kvisoft Flipbook Maker states that this module can improve
understanding (Linda et al., 2018); PSS to practice HOTS learning strategies (Retnawati et al.,
2018); Social development (Kivunja, 2014); Sustainability of 21st-century skills (Szabo et al.,
2020); Problem-solving skills through RICOSRE (Mahanal et al., 2022); School chemistry
course (Yu et al., 2023); School learning environment (Karamustafaoglu & Pektas, 2023).
Digital modules make learning material more interesting (Saphira et al., 2023). The Digital
Module using professional pdf flip on temperature and heat material was declared to have
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obtained very good scores in expert validation tests as well as student and teacher trials
(Rahman et al., 2023). However, there have not been many research results that have developed
digital modules to train problem solving skills and specifically the concept of global warming.

Global warming is like a monster that secretly threatens the earth, its impacts are
increasingly felt, such as extreme weather, natural disasters and water crises, which endanger
the future of the planet (Tran, 2023). In the midst of this situation, digital learning media is
absolutely necessary as an oasis to increase public awareness and understanding. Apart from
that, problem solving skills are one of the essential abilities in this digital era. This ability allows
individuals to deal with complex situations, analyze information, and find creative solutions.
Digital learning media exists as an innovative solution to improve problem solving skills at
various levels of education. Based on this, it is deemed urgent or important to develop
Interactive Digital Media Physics Modules on the Concept of Global Warming to improve
students' Problem Solving Skills. The problem formulation in this research is How to Develop
an Interactive Digital Physics Module (IDMP) on the Concept of Global Warming to improve
Students' Problem Solving Skills.

RESEARCH METHODS

This research method uses the ADDIE model with a sample size of 37 consisting of 10
men and 27 women for the problem solving skills of students in one of the schools in Banten
Province, Indonesia. The explanation of the ADDIE model can be seen in Figure 1.

1.Identifikasi kebutahan dan masalah
Analysis ‘ 2.Analisis karakteristik siswa

3.Menentukan tujuan pembelajaran

1.Rancang struktur dan isi modul
Design ‘ 2.Menentukan format dan media

3.Membuat storyboard awal modul

4.Merancang evaluasi pembelajaran
1.Pengembangan modul
Development | @M | 5'(yii validasi ahli materi dan ahli media
1.Menyebarkan modul kepada guru dan
Implementation | @ | Siswa
2.Menyebarkan angket penggunaan modul
1.Evaluasi efektivitas modul

kepada guru dan siswa
Evaluation - 2.Analisis data evaluasi

Figure 1Chart of the ADDIE model

The data collection instruments used were teacher and student needs questionnaires, expert
validation, and teacher and student test questionnaires. The data analysis techniques used in this
research are expert validity test, question validity, question reliability and normalized gain test.
The validity test data analysis used is by changing the qualitative assessment with the guidelines
in Table 1 below.
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Table 1Rating scale criteria

No Criteria Score
1 Strongly agree 5
2 Agree 4
3 Doubtful 3
4 Don't agree 2
5 Strongly Disagree 1

The validity test results are calculated in the following way:

Persentase skor = 2Skorperolehan , 440, (1)
Y. skor maksimum

The percentage of scores obtained is then measured using a Likert scale interpretation
for the value scale. The Likert scale interpretation guide can be seen in Table 2 below.

Table 2Interpretation of likert scale

Percentage Interpretation
0%-20% Very Not Good
21%-40% Not good
41%-60% Enough
61%-80% Good

81%-100% Very good

The research is considered successful if the questionnaire data that has been processed
obtains a score of between 61% to 100%, or the interpretation of "Good" and "Very Good".

If the interactive digital physics module (IDMP) on the global warming concept is said
to be feasible, then the next stage is to carry out limited trials. Limited trials will be analyzed
using the normalized gain test. The normalized gain test was carried out to provide a general
picture of the increase in learning outcomes before and after learning. The amount of
improvement before and after learning is calculated using the normalized gain formula as
follows:

< g S = posttest score—pretest score (2)

ideal score—pretest score
The normalized gain categories ( g) are as follows:

Table 3Interpretation of normalized gain

Normalized Gain Value Interpretation
—1,00 < 0,00 There was a decline
g=0.00 No increase occurred
0,00 < g<0,30 Low
0,30 <g<0,70 Currently
0,70 < g <1,00 Tall
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RESULTS AND DISCUSSION

1. Validation by Experts

This research produces an interactive digital physics module (IDMP) product on the
concept of global warming. The interactive digital physics module (IDMP) on the concept of
global warming was developed by analyzing the independent curriculum, physics learning
achievements in Phase E, developing concepts, and evaluation to improve problem solving
skills. The characteristics of the interactive digital physics module (IDMP) on the concept of
global warming consist of the module title, physics learning outcomes, learning objectives,
understanding problem based learning, the concept of global warming, assessment and self-
reflection.

Wibowo, M P ms

BERBASIS PROBLEM BASED LEARNING

FISIKA FASE E - KURIKULUM MERDEKA

Figure 2Display of the title of the interactive digital physics module

FASE E BERDASARKAN
ELEMEN

Capalan Fembelajaran

ria didik mamps mendekripsikan gejala dlam dalam cak

ampilin proses dalam  pengukuran, perubahan ik

amasan global, pencemaran lingkungan, encrgi alicrnatif, dan|
.

Figure 3Display of physics learning achievements
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TUJUAN PEMBELAJARAN
DAN
PROBLEM BASED LEARNING

TUJUAN PEMBELAJARAN
Setclsh mempelsjari L rapkan peserta didik dapar-
+ Menjelaskan definisi, penyebab, dan dampak perubahan iklim seriz hubungannya dengan

penycbab wiama perabahan kiim, seperti emisi gas rumah kaca dan
a memah; dari perubahan iklim, termasuk kenaikan sube

asi musalab lingkungan yang

+ mekib artisipasi dalam projek Hagkungas, kampanye kesadaran, aiau lindakan
pribadi untak meng jak karbon

PROBLEM BASED LEARNING
Modal ajar problem based learning (PBL) pada mata pelajaran Fisika Fase E merupakan
a " .

nyata.Modul ini mengintegrasikan teori dan aplikasi fisika dengan memyajikan i
isika F
keterampil

PEMANASAN GLOBAL

Proses indusirialisisi dan modermisas yang semakin
meningkat menychabkan mobiliss tamsi juga
semakin meningkat. Akan tetapi, proses terscbut helum
dimbusgi dengan pemelitaraan ckasistem Bumi. Setiap
harinya, miliaran ton gas karbon dicksida dilepaskan ke
‘atmosfer Bumi. Meningkatnya gas karbos dioksida yamg
terperangkap oleh atmosfer menychabkan tersdinya
' pemingkatan subs i Bumi. Gas kasbon dioksida akan
‘mesjadi polutan yang dapat menghalangi sinar Matahasi
yang menju Bumi, sehinges sinar terschen tidak bisa
dipantulkan kembali ke angkasa. peristiva. terssbul
merupakan penyebah pemamasan  global.  Untuk
memperdshm  pemuhaman  Anda, slabkan  Ands
‘memindai barcode disamping.
Anda telab melakukan simulasi terkait g2 rumah ksca
yang dapai meningkatkan suhu rala-rata di permakaan
Bumi st yang bissa kita scbut dengan pemyebab
pemanasan global. Lals, Apa ity pemanasan global?
Pemanssan plobal merupskan ketidakseinban gan ckosis-
tem di Bumi akibat terjadinga peninghaian subu rata-rata permukaan Bumi (Rahmadasis,
2% Peningkatan subu permukaan Bumi dibasikan olch sdanys radissi sinar Matabari
‘menuju atmesfer Bumi. Lalu, sebagian sinas tersebut berubah menjadi energi pasas dakam
bentuk sinar inframerah Sinar inframersh tenchet schagian ada yang diserap oleh
permukaan Bumi dan sehagian dipaniulkan kembali ke atmosfer. Tetapi, sehagian sinar
h S

‘menyebabkan sshu Bumi meningkat

Apakah gas rumah kaca sangat berbshaya dan dapat memberikan damgak segasf unisk
Bumi? Ternyats, gas rumah kaca juga memberikan dampak positif ustak Bumi Ketiks
jumlah gas-gas rumah kacadabm batas yang wajar, gas rumah kaca sngal bermanfaat
untuk menjaga kestabilan ssh Bumi. Namen, jika jmiah gis-gas rumsh knca berlebiban
dapat menyehabkan jumlah pasas yang diterima oleh Bumi terlalu berlebiban. Sehingga,
kondisi terscbat dapat menycbabkan perubahan ikfim. Uniuk lehib jelasnya, Anda dapat
‘meminedai barcrde dibawa ini untuk melibas simelasi video efck rumah kaca,

PENYEBAB
PEMANASAN GLOBAL

Kegiatan2

4

Judel : Pengaruh Gas Rumah Kaca erhadap Peningkatsa S,
Tjuse - Meny eldiki pengarsh karbun dioksids terhadap perubahas sais.
Al dan Bahan:

1 Air

2. Lakban

3. Gunting

4, Termometer alkahal 3 bush

5. Bonod kaca 3 bussh

6. Baking sodds

7. Asam caka

8. Lampa 100 wast

9. Stowatch

Cara Kerps:
1 Buathab kelompok yang terdii atas 3 peserta didik.
2, Butla lubang di tengah tutup ketiga botol sesua dengan ukuran (ermometer
3.bi Retiga botol dengan sir sebanyak 40 ml
4 Masukan termommeter pada hotel pertaa.

s desgan ik ada aie yang keluar.
. Tambabikan baking soda satu serdok ieh ke dalam botol kediua dan dua sescok teh ke
dalam botol ketiga

1 ke dalam Botal ked iga, kemudia nduk rata

8 Masukan termometer pada botol kedus dan botol ketigs, kesmudian tutup dengan
lakban

9. Tempatkan ketiga botol tersebun di lokasi yang sama.

10, Nyalakan lampu dan ukur sshu dat tiap-tiap botal pada sekang wakss yang sams, yaita
stiag 10 menit sckali.

11, Amati subu yasg lerbaca pada fermometer dan caiat pada abel yang tersedia seperti
dibawah isi.

12, Btk ikum berdasarkan perc

Figure 6Practical view of the concept of causes of global warming
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ASESMEN SUMATIF

L e~
Figure 7Display of summative assessment

REFLEKSI DIRI

Figure 8Student self-reflection display

The interactive digital physics module (IDMP) on the global warming concept was
validated by media experts and material experts by 3 expert validators. In the media validation
test, the instrument given contains 12 questions from 3 aspects of media suitability, namely the
use of modules and attractiveness, images and letters, as well as design composition and layout.
The validation results by media experts can be seen in Table 4 below.

Table 4Media expert validation results

No. Media Feasibility Aspects Percentage Interpretation
1. Module Usage and Attraction 85% Very good
2. Images and Letters 80% Good
3. Design Composition and Layout 90% Very good

Average of All Aspects 85% Very good

Meanwhile, in the validation test the instrument material provided contained 23
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questions from 4 aspects of material suitability, namely content suitability, presentation
suitability of problem based learning based modules on the global warming sub-material,
independent learning, and language suitability. The validation results by material experts can
be seen in Table 5 below.

Table SValidation results by material experts

No. Media Feasibility Aspects Percentage Interpretation
1.  Eligibility of content 86% Very good
2.  Feasibility of presenting problem based 81% Good

learning based modules on the global
warming sub-material

3. Learn to be independent 87% Very good
4.  Language eligibility 85% Very good
Average of All Aspects 85% Very good

The results in Table 4 and Table 5 show that overall the average results from the 3
validators, media experts and material experts, obtained a percentage value of 85% with very
good interpretation for both. If the validation results get a percentage value of 61% - 100%,
research and development is considered successful (Sugiyono, 2013). So, it can be concluded
that the interactive digital physics module (IDMP) on the concept of global warming is suitable
for use as a learning medium (Basri & Akhmad, 2022).

After validation by experts, the next stage was a limited trial carried out by 37 class X
students and 3 Physics subject teachers. A limited trial was carried out to find out students'
opinions and evaluations regarding the interactive digital physics module (IDMP) on the concept
of global warming whether it needed improvement or not. Limited student trials were carried
out using Google Form, where the questionnaire contained 19 questions from 4 aspects, namely
appropriateness of content, presentation, independent learning, and linguistics. Meanwhile, for
the limited trial the teacher asked 22 questions from 4 aspects, namely appropriateness of
content, presentation, independent learning and language. The results of responses from students
and teachers are as follows.

Table 6Results of student responses to the interactive digital physics module

No. Media Feasibility Aspects Percentage Interpretation
1.  Eligibility of content 85% Very good
2.  Presentation 87% Very good
3. Learn to be independent 90% Very good
4.  Language eligibility 87% Very good

Average of All Aspects 87.3% Very good

Table 7Results of student responses to the interactive digital physics module
No. Media Feasibility Aspects Percentage Interpretation
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1.  Eligibility of content 90% Very good
2.  Presentation 88% Very good
3. Learn to be independent 92% Very good
4.  Language eligibility 90% Very good

Average of All Aspects 90% Very good

The results in Table 6 and Table 7 show that students' responses after using the interactive
digital physics module (IDMP) on the concept of global warming, on average, all aspects
received a percentage score of 87.3% with a very good interpretation. Meanwhile, the teacher's
response after using the interactive digital physics module (IDMP) on the concept of global
warming was that on average all aspects received a percentage score of 90% with very good
interpretation. So, it can be concluded that the interactive digital physics module (IDMP) on the
concept of global warming is suitable for use as physics learning material in schools (Pahlawan,
2021).

2. Problem Solving Skills

The field trial aims to see improvements in problem solving skills before and after using
the interactive digital physics module (IDMP) product on the concept of global warming . The
field trial was carried out by 37 students consisting of 10 men and 27 women at a school in
Banten Province. The field trial was carried out by giving a pretest and posttest containing 8
questions consisting of 4 indicators, namely clearly defining the problem , developing a plan of
action , effectively implementing the plan , and valuing and reflecting on the outcome . The
learning results from the field trials can be seen in Table 8.

Table 8Data on student learning results

Pretest Average Posttest Average N-Gain Category
Score Score
31 79 0.69 Currently

Student learning results show that the average pretest score before using the interactive
digital physics module (IDMP) on the concept of global warming is 31 and the posttest score
after using the interactive digital physics module (IDMP) on the concept of global warming is
79. This means that there is an increase in the results student learning. This can be seen from the
N-Gain results which got a value of 0.69 with a moderate interpretation. The N-Gain results for
each sub-indicator of problem solving skills can be seen in the following graph.

Copyright © 2024, Gravity, ISSN 2528-1976



Gravity: Jurnal limiah Penelitian dan Pembelajaran Fisika, 10(2), 2024, 136

N-Gain Sub Problem Solving Skills (%)

63,08

Clearly defining the Developing a plan of Effectively Valuating and
problem action implementing the reflecting on the
plan outcome

Figure 9Results of N-Gain sub indicator of problem solving skills

The graph above is the N-Gain result for each sub-indicator of problem solving skills.
The clearly defining the problem indicator gets a percentage value of 71.71% or 0.71 with high
interpretation, the developing a plan of action indicator gets a percentage value of 72% or 0.72
with high interpretation, the effectively implementing the plan indicator gets a percentage value
of 63.08% or 0.63 with interpretation moderate, and valuing and reflecting on the outcome got
a percentage value of 65.75% or 0.65 with a moderate interpretation. This means that each sub-
indicator increases students' problem solving skills. This is in accordance with previous research
which states that the use of interactive digital modules in learning can improve problem solving
skills and student learning outcomes (Rahma Gita et al., 2022; Zhafirah & Erna, 2021). Apart
from that, the use of modules in learning also has many benefits, such as the use of interesting
modules can increase students' learning motivation (Suryani et al., 2020), the use of digital
modules equipped with simulations or videos is easier to understand and can attract students in
learning (Islahiyah et al., 2021), digital modules are more efficient and cost effective (F. C.
Wibowo et al., 2023), easy to access (Nurcahyani et al., 2024), and the use of interactive digital
modules makes it easier for students to learn independently (Utami et al., 2018).

CONCLUSION

The development of an interactive digital physics module (IDMP) on the concept of
global warming to improve students' problem solving skills is suitable for use in physics
learning with material expert and media expert validation test results of 85% in the very good
category. Apart from that, the interactive digital physics module (IDMP) on the global warming
concept which was tested in the field to see the increase in problem solving skills showed an
increase in each indicator, such as the clearly defining the problem indicator increased by 0.71,
developing a plan of action increased by 0.72, the indicator of effectively implementing the
plan increased by 0.63 and the indicator of valuing and reflecting on the outcome increased by
0.65. The average N-gain result from these four indicators is 0.69. This means that students
have a moderate level of improvement in problem solving skills .
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