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Abstract: Development of Problem Based Learning (PBL) Learning Module on
Chemical Bonding Material. Limited teaching materials are often a problem in
learning in schools. A module is a specific form of teaching material that aims to guide
students in understanding a particular material independently. This study aims to
determine the feasibility, student responses and effectiveness of the Problem Based
Learning (PBL) learning module on chemical bonding material that has been developed.
The research method is Research and Development (R&D) using a 4D model that is
limited to 3D with stages namely define, design, development due to limited time. Data
collection in this study was through interviews, questionnaires and through pre-tests and
post-tests. The results showed that the learning module developed had a very good level
of validity with percentage scores: 91.66% and 93.75% for the presentation aspect, 95%
for the language aspect, 93.75% for the content aspect, 91.66% for the e-module design
aspect, and 95% for the material aspect. This electronic-based learning module is
declared very valid and suitable for use as teaching material in chemistry learning on
chemical bonding material.

Keywords: Learning Module, Problem Based Learning, Development, Chemical
Bonding, and R&D Method.

Abstrak: Pengembangan Modul Pembelajaran Berbasis Problem Based Learning
(Pbl) Pada Materi Ikatan Kimia. Terbatasnya bahan ajar sering menjadi masalah
dalam pembelajaran di sekolah. Modul adalah bentuk spesifik dari bahan ajar
bertujuan dalam memandu siswa dalam memahami suatu materi tertentu secara
mandiri. Penelitian ini bertujuan untuk mengetahui kelayakan, respon siswa serta
keefektifan modul pembelajaran berbasis Problem Based Learning (PBL) pada materi
ikatan kimia yang telah dikembangkan. Metode penelitian ini ialah Research and
Development (R&D) dengan menggunakan model 4D yang dibatasi menjadi 3D yang
tahapan-tahapannya yaitu define (pendefinisian), design (perancangan), development
(pengembangan) dengan alasan karena terbatasnya waktu. Pengumpulan data pada
penelitian ini yaitu dengan wawancara, angket dan melalui pre-test dan potst-test.
Hasil penelitian menunjukkan bahwa modul pembelajaran yang dikembangkan
memiliki tingkat validitas sangat baik dengan skor persentase: 91,66% dan 93,75%
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untuk aspek penyajian, 95% untuk aspek bahasa, 93,75% untuk aspek isi, 91,66% untuk
aspek desain e-modul, dan 95% untuk aspek materi. Modul pembelajaran berbasis
elektronik ini dinyatakan sangat valid dan layak digunakan sebagai bahan ajar dalam
pembelajaran kimia pada materi ikatan kimia.

Kata kunci: Modul Pembelajaran, Problem Based Learning, Pengembangan, Ikatan
Kimia, dan Metode R&D.

= INTRODUCTION

The quality of education is highly dependent on the teacher's ability to design
learning that is in accordance with the characteristics and potential of students. This
ability shows the mastery of the material to be taught by the teacher, as well as a deep
understanding of the needs and uniqueness of each student in the class. In science
learning, especially chemistry, the Problem Based Learning (PBL) model is one of the
effective approaches to increasing student activity. This problem-based learning model
actively involves students in solving problems that are relevant to everyday life.
Through the PBL approach, students can develop a deeper understanding of the material
by collaborating, investigating, and solving problems. In addition, this model also
makes it easier for students to understand abstract concepts because the problems
presented are based on real situations that they face every day..

According to (Asmandhani, 2023), the Problem Based Learning (PBL) learning
model begins with the presentation of real problems to be solved through a problem-
solving approach, integrating understanding and application of concepts. (Samosir and
Nainggolan, 2022) state that a module is a teaching material that is systematically
designed with easy-to-understand language, according to the level of knowledge and
age of students, so that students can learn independently with little guidance from the
teacher. (Alwi et al., 2022) added that in compiling a module, several steps that must be
taken include developing a module based on basic skills, compiling a module according
to the RPP, designing a framework that supports the achievement of learning objectives,
providing tools to evaluate student learning outcomes, and validating the module that
has been compiled.

The module consists of three main components, namely the introduction,
learning activities, and bibliography. The introduction contains an overview of the
module, learning objectives, and special facilities that support the learning process.
Meanwhile, the activities section includes an explanation of the learning material,
summary, practice questions, evaluation, and feedback.

Chemical bonds are one of the materials in the chemistry subject taught to grade
X1 high school students in the Independent Learning Curriculum. In this material,
students will learn about the various types of chemical bonds such as ionic bonds,
covalent bonds and metal bonds. All concepts in chemistry are interrelated, that is why
if students' understanding of one material in chemistry learning is not complete, this will
affect further learning. In the study (Samosir and Nainggolan, 2022) it was revealed that
students still have difficulty distinguishing between ionic bonds and covalent bonds. If
the learning resources used are inadequate in the chemistry learning process on the
chemical bond material, of course this will be a problem.

The results of initial observations at SMA Negeri 21 Medan showed that
students' learning achievement in chemistry subjects was still unsatisfactory. Most
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students have low interest in chemistry, because it is considered a difficult and abstract
subject. In addition, observations also revealed that students more often rely on
information provided by teachers, without the initiative to learn independently. This low
motivation makes students reluctant to dig deeper into information related to learning
materials, especially in chemistry subjects.

As a solution to the problems mentioned earlier, one step that can be taken is to
utilize modules as teaching materials. Modules provide more flexibility for students,
allowing them to learn independently with the available guidance. The use of modules
in learning is expected to encourage increased student independence during the learning
process.

= METHOD

This research is a development research using the 4D model (Define, Design,
Development and Disseminate), but in this study it only reached the development stage.
Research and Development (R&D) research methods are used to produce a product and
test the effectiveness of the resulting product (Okpatrioka, 2023). The Disseminate stage
was not carried out due to limited time in this study. The object of this study is a
Problem Based Learning (PBL) learning module on the Chemical Bonding material that
has been developed. The data collection technique used in this study is a non-test
technique using an instrument in the form of a validation sheet filled in by the validator.
After the results are obtained from the validator, the score is calculated to see the
validity of the module that has been developed. The aspects assessed are the
presentation, discussion, content, material and design of the module. The initial stage
carried out before developing this learning module is to conduct observations and
interviews with subject teachers.

Observations and interviews are carried out to determine the conditions and
situations regarding the problems in the school. Observations and interviews are
included in the Define stage, where this stage is carried out to determine student needs
in the learning process. All information is collected from various sources to support the
desired product development process. At the Design stage, the draft module is prepared
according to the analysis results obtained from the initial definition stage. At the
Development stage, the module is prepared and created, then the finished module is
validated by expert validators, then the module is revised according to the suggestions
obtained from the validator.

The procedures in this research are:

Potential and Problems

(Observation in the field and gathering information)

\

Planning (Define)

Analysis of Learning Achievements (CP), analysis of teaching materials

v

Design

Product design in the form of modules (draft)
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4

Development

Development of Problem Based Learning (PBL) based modules

.

Validation by experts (validators)

¥

Analysis of results and final revision

¥

Final product

= RESULT AND DISCUSSION

This research consists of several stages, starting from the definition that includes
the analysis of learning outcomes and teaching materials. Furthermore, at the design
stage, an e-module based on Problem Based Learning (PBL) was developed for
chemical bonding material. The development stage includes trials and validation by
lecturers at Medan State University and chemistry teachers at Medan State Senior High
School 21, with assessment aspects including presentation, language, content, and
design. Teacher responses are also evaluated based on material and presentation aspects.

This e-module is designed based on the Independent Learning Curriculum and
various sources of chemistry books, with a focus on electronic formats that comply with
PBL syntax. The material is arranged concisely and clearly to improve student
independence, critical thinking skills, and understanding of chemical concepts in
everyday life.

This module has the advantage of presenting problem-based learning in each
topic. Validation shows that this module meets the standards in terms of presentation,
language, content, design, and materials, so that it can be an effective independent
learning resource. This module is expected to increase student interest, motivation, and
learning outcomes, as well as support teachers in providing innovative learning
products.Here is the link and QR code (quick response code) of the developed module:

link: https://heyzine.com/flip-book/ce007fabab.html
The data collection techniques used in this study are:
Conducting interviews to collect initial data related to the problems that occur
2. Testing the feasibility of the developed module using expert assessments that
prove that the resulting module is valid and suitable for use

=
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3. Providing questionnaires to teachers to find out responses as to whether the
developed module is appropriate and suitable for use
The data obtained in this study are quantitative data in the form of answer scores
from the assessment questionnaire by the validator on the developed module.
Quialitative data in the form of responses and suggestions obtained from the validator on
the developed module.

After the validity sheet is filled in by the validator, a score is obtained which can
be analyzed using a Likert scale.

Answer Criteria Score
S = Setuju 4
CS = Cukup Setuju 3
KS = Kurang Setuju 2
TS = Tidak Setuju 1

Then to obtain the score, the formula used is:

Nilai = Jumlah skor yang diperoleh < 100%
aa Jumlah total skor g

Then the value obtained through the calculation is adjusted according to the
percentage score criteria.

Percentage (%) Information
81% — 100% Very Valid
61% — 80% Valid
419 — 60% Quite Valid
21% — 40% Less Valid
0% — 20% Invalid

Validation of the Problem Based Learning (PBL)-based e-module on the
Chemical Bonding material was carried out by expert validators and teachers. The
instruments used were, for lecturers, a validation sheet was given which included an
assessment of the presentation, language, content and design aspects, while the
assessment criteria for teacher responses were the material and presentation aspects.

The results of the e-module validation included an evaluation of the e-module
that had been developed and suggestions or opinions given by expert validators. Some
of the inputs obtained from this validation included:

1. Adding several elements such as images related to the material so that the page
sheets were not too empty;

2. Replacing the electron configuration that was pasted with an image to be typed
manually;

3. Deleting inappropriate images and replacing them;

4. Slight revisions related to the material.

The researcher then used these suggestions and inputs to make
improvements and improve the quality of the Problem Based Learning (PBL)-based
e-module on the chemical bonding material that was being developed.
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No

Improvement Suggestions

Add some elements such as images related to the material so that the page is not
too empty.

Y

=

-

Studt Kosus 1. Subtops haton ko
Kouus otou Dortanysan Demics

“oorom g (o) tob semewy o dopet e hemtorbon kst st otk
ook Mangaps Aot mi ks terpod?

Tuoan Dembeiojoran Subtopk
+ Mergelaskan pembentukan kotan ion aulara nser logam dan Unsur hon

togam.

+ Menganals sHot ot zenyawa ek seperts NGl

T -

Stwe, melohuhkan percobiasn ik menqup hendubios NoCl delom bectch podet dan
o

dan Demecahen Kase
[ itervarun o SRN—

Before revision

+ Menganalis s4at ot senyaws onik sepert NaCl

L ke

dan lorutan.

Anolut dan Demecahon Kosus i ﬁ
S i o bt e s

After revision

(Sintaks PBL:
. Mengorientasikan siswa pada

masalah)

Kasus Umum: “Banyak benda di sekitar kilo, seperti garam, air, don logam,
memiliki sifat yang berbeda. Beberapa bisa menghantarkan listrik, yang lain
tidak, ado yong mudoh pecoh, sementara loinnyo songat kuat. Apa yang
menyebabkan perbedaan ini?*

Pertanyoan Pemicu:

* Mengapa beberapa zat bisa menghontarkan listrik sedangkan yang lain
tidak?

+ Bagaimana Jenis Ikatan kimia berpengaruh terhadap sifat fisik dan kimia
suatu zat?

Before revision

(Sintaks PBL: ="
. Mengorientasikan siswa pada 0
masalah)
Kasus Umum: "Banyak benda di sekitar kita, sepert! garam. ar. dan logam,
memiitki sifat yang berbeda. Beberapa bisa menghantarkan iistrik, yang lain

tidak, ado yang mudoh pecah, sementoro lainnya sangat kuat. Apa yang
menyebabkan perbedaan ini?"

Pertanyaan Pemicu:
» Mengapa beberapa zat bisa menghantarkan listrik ’-.‘:-I
sedangkan yang lain tidak? -

+ Bagaimana Jenis tkatan kimia berpengaruh terhadap sifat
fisik dan kimia suatu rat?

After revision

Replacing the electron configuration pasted with an image with a manually typed

one

Contoh:

11Na : [Ne] 357 — elekiron valensi = I, berarti melepas | elekiron — Na*

134l : [Ne] 3s* 3p' — elekiron valensi = 3, berarti melepas 3 elekiron = Al

3. Dengan menerima elektron (lon -) Jika elektron valensi berkisar antara 5-7

Contoh:

#0 1 [IIe] 257 2p* —» elektron valensi = &, berarti menerima 2 elektron = 0™

sF @ [He] 25° 27 » elektron valensi — 7, berarti menerima 1 elektron = I~

4 Dengon memakain elektron bersama dengan unsur lain yang berikatan

dengannya
Contoh: NaCl

1Ma: [Ne] 35" —» elektron valensi = 1, berarti melepas 1 elektron = Na~

17CL 2 [Ne] 257 2p® 357 37 > elektron valensi = 7. berarti menerima 1 elektron = CI

Before revision
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Contoh:

nMa : [Me] 35’ — elektron valensi =1, berarti melepas 1 elektron —s Ma’®

138l - [Ne] 35* 3p' — elektron valensi = 3, berarti melepas 3 elektron —s

2. Dengan menerima elektron (lon -) Jika elektron valensl berkisar antara 5-7
Contoh:

£ : [He] 257 2p* — elektron valensi = 6, berarti menerima 2 elektron — O™

oF - [He] 257 2p* — elektron valensi = 7, berarti menerima | elektron — F~

3.Dengan memakaln elektron bersoma dengan unsur lain yang berlkatan
dengannya
Conteh: NaCl

wCl: [Ne] 357 3p® = elektron valensi = 7, berarti menerima | elektron — CI~

After revision
3. | Remove inappropriate images and replace them
digambarkan dengan garis. (Perhatikan
Gambar 3.3) i~ —
@9
H°+*H —— HSH —— H-H

Before revision

After revision
Revisions related to material

R & 5.

Pada molekul nonpolar elektron-elektron tersebar secara merata sehingga tidak
terjadi pergeseran kerapatan elektron. Contohnya adalah Cl,

Gambar 3.13 1, Contoh dari
Molekol Nonpolar

Before revision
[ otekut nonpotor QLTSN

Pada molekul nonpolar elektron-elektron tersebar secara merata sehingga tidak
terjadi pergeseran kerapatan elektron. Contohnya adalah Cl,

Ciri-ciri molekul nonpolar:
1.Distribusi  elektron simetris: Elektron-
clektron dalom ikatan tersebar secara
Gambar 3.13 I, Conton dari 2
Moleku! Nonpolar

merata antara atom-atom yang berikata
ss e

rikatan
karena memiliki elektronegativitas yang
3 sama atau sangat mirip
srrlecle
-Cl-cl- = a 2.Perbedaan  Elektronegativitas
se se

rendah:
Perbedaan elektronegativitas antara atom

atom yang berikatan sangat kecil
3.Bentuknya simetris

4.Contoh molekul nonpolar diantaranya: Hy
CH,, O, dan N,

After Revision

The validation results from lecturers and teachers as expert validators show the
evaluation of the e-module based on Problem Based Learning (PBL) on chemical

bonding material. Each aspect of the evaluation is analyzed and the average is
calculated to produce a final value as an indicator of module suitability.
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The following table shows the results of the lecturer validation assessment.

No Assessment Assessment Percentage Eligibility
' Components Score Criteria Criteria

1. | Presentation 11 91,66% Very Valid

2. | Language 19 95% Very Valid

3. | Contents 15 93.75% Very Valid

4. | e-Module Design 22 91,66% Very Valid

The following table shows the results of the validation assessment by the teacher.

No Assessment Assessment Percentage Eligibility
' Components Score Criteria Criteria

1. | Material 19 95% Very Valid

2. | Presentation 15 93.75% Very Valid

Based on the data from both tables, it can be concluded that expert validators,
both lecturers and teachers, gave a positive assessment of the developed e-module. The
e-module based on Problem Based Learning (PBL) on the chemical bonding material is
categorized as "Very Valid" and is suitable for use as teaching materials in schools. The
positive evaluation results from lecturers and teachers indicate that the e-module meets
the expected criteria.

= CONCLUSION

Based on the research results obtained: (1) The development of the learning
module begins with an initial analysis stage that includes learning achievements, student
needs, and teaching materials. The next stage is the design, namely the preparation of
the module draft, followed by the development stage involving validation by chemistry
lecturers at Medan State University and chemistry teachers at Medan State High School
21. (2) From the results of the data analysis related to the developed learning module, it
has a very good level of validity with percentage scores: 91.66% and 93.75% for the
presentation aspect, 95% for the language aspect, 93.75% for the content aspect,
91.66% for the e-module design aspect, and 95% for the material aspect. (3) This
electronic-based learning module is declared very valid and suitable for use as teaching
materials in chemistry learning on the material of chemical bonds.
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