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Abstract: The Sorogan-Bandongan learning model is a traditional approach to enhancing students’ cognitive abilities
through a structured series of activities, including diagnostic testing, independent practice, and self-reflection. This model
effectively bridges student-centered individual learning (Sorogan) with collective discussion and evaluation (Bandongan),
fostering both personal responsibility and collaborative engagement. This Research and Development (R&D) study,
employing Thiagrajan's 4D model (Define, Design, Develop, Disseminate) through the development stage, aims to evaluate
the feasibility of a chemistry handout on redox reactions based on this model. The feasibility was assessed through three main
criteria: validity, practicality, and effectiveness. Analysis of the research instruments revealed that the handout is highly
qualified across all parameters. In terms of validity, both content and construct aspects received a mode score of 4, placing
them in the "highly valid" category. Regarding practicality, the handout earned a 94.11% student response rate, while direct
observations of student activities across three sessions yielded consistently high scores between 96.67% and 97.78%,
categorizing it as "very practical." Finally, the effectiveness of the handout was demonstrated by a significant improvement
in student learning outcomes. The analysis of pretest and posttest results showed an average N-Gain Score of 0.77, which
falls into the "high" category, with a class mastery rate of 100%. These results confirm that integrating the Sorogan-
Bandongan learning model into chemistry handouts is a highly effective and feasible strategy for improving students’
cognitive understanding of redox material.
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Introduction Through a variety of learning activities, such as
reading and working on handouts, diagnostic tests,
Chemistry is a natural discipline that focuses on the ~independent practice based on test results, teacher

reinforcement of concepts, and self-reflection, the Sorogan-
Bandongan learning model is a traditional approach that
effectively trains learners' responsibility [7]. Individual
(Sorogan) and group (Bandongan) techniques are given

characteristics, composition, structure, and energy of
substances as they change. Chemistry is a much bigger
discipline that includes grasping the idea of cognitive
knowledge in addition to mathematics [1]. Chemistry

requires a thorough grasp, as it involves abstract and difficult
topics. Real chemistry may be understood by grasping the
idea of abstract chemistry. Strong comprehension becomes
crucial in this course this abstract idea necessitates that
students be able to connect theory to actual facts [2].
Knowing or comprehending science and using science in
technology are the three primary phases of learning
chemistry as a component of science. A range of learning
materials and new learning models are among the advances
in education that make use of technology advencements [3].
A Handout is a summary of material that is organized
systematically, concisely, and is easy to understand. This
teaching material is designed to help students understand
important concepts in a relatively short time, making it
suitable for supporting complex chemistry learning [4]. For
learning to be more effective, the use of handouts should be
reinforced by the implementation of a learning model that
encourages active student participation [5]. One model that
is in line with the principles of the independent curriculum is
the Sorogan-Bandongan learning model [6].

How to Cite:

priority in this paradigm so that students are not only
accountable for their own work but also participate in group
discussions and evaluation [8]. According to recent studies,
this methodology may greatly enhance students' learning
outcomes. For example, in redox chemistry, posttest scores
surpassed the minimum completion criteria, and the n-gain
values reached the medium category (0,60) [9]. Unlike the
study, which focused on the instructional effectiveness of the
Sorogan-Bandongan model in acid-base topics, the
uniqueness of this study lies in the formalization of that
model into a learning medium in the form of a handout [10].
This integration aims to synchronize traditional individual
tutoring patterns with the needs of redox material, which has
high cognitive complexity, so that it is expected to produce
an improvement in more structured and independent thinking
skills for students.

Additionally, this strategy accounts for students'
different learning styles to efficiently enhance understanding
of the concept [11]. While the previous study focused on
developing chemistry handouts based on
Chemoentrepreneurship for topics such as buffer solutions,
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salt hydrolysis, and colloids, achieving 75% validity and
85% practicality, my study emphasizes redox reactions,
integrating the Sorogan-Bandongan learning model. The
fundamental difference lies in the orientation of their
objectives; Deswita and Dona’s study placed greater
emphasis on the entrepreneurial aspects of chemistry,
whereas this study specifically aims to enhance students’
cognitive abilities through a traditional pesantren learning
approach adapted to science content. Thus, this study is
expected not only to produce valid and practical teaching
tools but also to provide deeper cognitive stimulation
through the intensive interaction patterns characteristic of the
Sorogan-Bandongan model [12]. The uniqueness of this
study lies in the integration of the traditional Sorogan-
Bandongan learning model into structured handout teaching
materials, specifically designed to address the cognitive
complexity of redox concepts, thereby combining the
effectiveness of personalized guidance in Islamic boarding
schools with the practicality of modern learning media.

Teaching materials used in learning determine the
quality of students' understanding. At MAN 2 Gresik, after
preliminary research, students are no longer allowed to
purchase workbooks. As an alternative, teachers provide
teaching modules that include textbooks, e-books, modules
and PowerPoint (PPT) presentations. However, based on
questionnaire and interview results, most students stated that
they rarely read these teaching materials because the
language was difficult, there was too much material, and the
presentation was unattractive. As a result, students'
understanding of chemistry concepts was low, as evidenced
by daily and formative assessments with scores below the
Minimum Passing Criteria (MPC) and minimal active
student participation in class discussions. As many as 85%
of students never use handout-based teaching materials in
chemistry learning, so the potential of this medium has not
been fully realised.

By combining Handout learning media and the
Sorogan-Bandongan learning model in redox material,
which aims to produce teaching materials that are interesting,
useful, and have the ability to optimize studnets cognitive
understanding, as well as having the ability to assist teachers
in carrying out learning that is relevant, practical, and
capable of improving students cognitive understanding and
assisting teachers in the learning process in the classroom
[13].

The Handouts development format includes key
components such as the cover, preface, table of contents,
concept map, learning objectives, instructions for use,
reading materials, and practice questions. The developed
handout is accompanied by picture illustrations [14]. The
presence of picture illustrations in the Handout greatly helps
students understand the material visually and contextually,
facilitating learning, especially for abstract concepts.
Handouts are a tool for compiling printed teaching materials
that are more structured, easier to understand, and more
interesting. Students actively participate in classroom
learning activities without having to take many notes [15].
Handouts can include explanations, questions, students'
activities, and responses or follow-ups. Handouts can serve
as teaching materials, with functions added to develop them,
such as evaluation instruments. Based on this background,
the author was interested in conducting a research project
titled "Development of Handouts on Redox Material to
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Improve the Cognitive Abilities of Students in Madrasah
Aliyah Using the Sorogan—Bandongan Learning Model."
The novelty of this research lies in the development of a
handout on redox materials using the Sorogan-Bandongan
learning model, which includes tasks designed to improve
cognitive abilities. The purpose of this research is to develop
and determine the feasibility of the Handouts on redox
material based on validation, practicality, and effectiveness
[16].

Research Methods

The type of research used in this study is research
and development (R&D) [17]. In this study, Handout redox
by adapting [18] The 4-D model research and development
method by Thiagarajan consists of 4 stages: define, design,
develop, and disseminate. However, this study is limited to
the development stage.The research procedure is as follows.
The define stage contains activities to analyse and determine
the product, including learner analysis, which covers learner
characteristics related to academic ability, cognitive
development, motivation, and individual skills. Task
analysis, which is related to the main tasks that students will
do to be able to achieve the skills expected by researchers,
analyzes the concepts to be taught and formulates learning
objectives [19]. The design stage involves developing an
initial research design, including selecting the media to be
used to develop Handouts. The development stage is the
stage in which a product is developed, including expert
appraisal. At this stage, the learning media developed receive
suggestions for improvement from the expert and are further
revised accordingly. After being declared valid,
developmental testing is carried out, which aims to get direct
input from responses, reactions, and comments from students
and observers on the learning tools that have been developed
[17].

Data collection for this study was conducted with 30
students at MAN 2 Gresik through interviews with chemistry
teachers and several students regarding the use of teaching
materials at the school. Furthermore, a pre-research
questionnaire, distributed online or in written form, was
administered before the study began. This included a
handout review questionnaire containing suggestions and
critiques from the supervising lecturer regarding the
developed handout. The handout validation form was
completed by two chemistry education lecturers and one
chemistry teacher using the provided validation sheet. The
validation questionnaire was designed to ensure the handout
was suitable for use in the study. The validation process
included content validity and construct validity. Content
validity covers the completeness and alignment of the
handout material with the curriculum, learning objectives,
the Sorogan learning method, and student learning
outcomes. Construct validity covers whether the handout
meets the requirements as teaching material, including
presentation, language, and graphics. A student response
questionnaire was completed by 30 students after using the
developed handout. The distribution of the response
questionnaire to students aimed to describe their reactions to
the handout following the pilot test. The third method, the
observation method, involves regular observation activities.
In this study, student activity observation sheets were used
to directly observe the trial of the handout on redox material
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using the Sorogan—Bandongan learning model. Five
observers each observed six students in this study. The final
method was the test method, which consisted of multiple-
choice questions administered to the students. There were
two tests: the pre-study test, which aimed to assess students’
knowledge of redox material and served as the basis for
selecting the learning media, and the pretest-posttest, which
aimed to identify differences in students’ learning outcomes
before and after the intervention, as well as to measure
improvements in their understanding of the material.

The following is a description of the procedure for
“Developing Handouts on Redox Materials to Improve
Students’ Cognitive Abilities in Senior High Schools Using
the Sorogan-Bandongan Learning Model.”

1. Definition (Define). The objective is to review the
current curriculum, gather information about student
characteristics, issues arising during the learning process,
teaching strategies implemented by teachers, and other
supporting materials.

2. Design. In this stage, the handout is designed to consist
of five subtopics: redox concepts based on the release and
combination of oxygen; redox concepts based on the
release and acceptance of electrons; determining
oxidation numbers; redox reaction concepts based on
oxidation numbers; and determining IUPAC
nomenclature of compounds based on oxidation
numbers. There are two stages: format selection and
initial design.

3. Development. The development phase aims to refine and
validate the handout. The handout produced after the
review was refined and became Draft II. Draft Il was
validated by chemistry education faculty members and
chemistry teachers at MAN 2 Gresik. During this
process, the validators utilized the media designed during
the definition and design phases. Validators rate the
developed handout based on the indicators on the
evaluation sheet and provide comments or suggestions.
Validation continues until the instructional material is
proven valid for use in learning activities. The validation
results are reviewed and followed up by revising the
instructional material in accordance with the validators’
comments or suggestions.

4. Limited pilot test. The revised and validated handouts
can be used for teaching and learning activities. The
objective of this stage is to collect research data,
specifically on improvements in students’ cognitive
abilities related to redox materials. The results of this
stage will be analyzed and form the conclusion of this
study. The results of this limited pilot test will then be
analyzed to determine the feasibility of the developed
handout. This limited pilot test is conducted by
administering a response questionnaire to students
regarding the instructional materials used. Feedback on
the instructional materials is considered valid if it meets
the criteria. If not, the materials are revised and retested.
[20].

The research sample amounted to 30 students of class
XII MAN 2 Gresik [20]. The next step is to use data analysis
techniques to assess the Handouts' applicability to redox
content using a student's response questionnaire. The
questionnaire consists of positive and negative statements.
and then analyzed using quantitative descriptive methods.
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The results are examined using the Guttman scale score as
follows [21].

Table 1. Guttman Scale For Learner Response
Questionnaire
Activity Positive Negative
Implementation Statement Score  Statement Score
Yes 1 0
No 0 1

From Table 1, it can be concluded that if a student
answers “Yes” to a positive statement, they receive a score
of “17; if they answer “Yes” to a negative statement, they
receive a score of “0.” The following formula can be used to
calculate the percentage of student responses. The data
obtained was then analyzed using percentages.

_ number of scores on each aspect

Percentage (%) =

x100%

number of respondents

The percentages obtained are interpreted according to
the criteria shown in Table 2. In this study, a student’s
response was considered to meet the criteria if it received a
score of >61%, meaning the handout can be deemed good or
very good for use.

Table 2. Criteria for Interpreting Student Response Scores

Percentage (%) Criteria
0-20 Not Very Practical
21-40 Not Practical
41-60 Quite Practical
61-80 Practical
81-100 Very Practical

Furthermore, the response questionnaire was
supplemented by student activity observation sheets. The
students' observations revealed activities relevant to the
observation indicators. The observational data were analyzed
quantitatively. In evaluating the observational data, the
students’ activities were scored using the Guttman scale in
Table 3.

Table 3. Guttman Scale For Observation of Student Activity.
Activity Implementation Positive Statement Score
Yes 1
No 0

The data obtained was then analyzed using percentages.

number of scores on each aspect
Percentage (%) = P

x100%

number of respondents
The results from the student response questionnaires
and student activity observation sheets are interpreted as

percentages of the practicality criteria as follows.

Table 4. Percentage of Practicality Criteria

Percentage (%) Criteria
0-20 Not Very Practical
21-40 Not Practical
41-60 Quite Practical
61-80 Practical
81-100 Very Practical
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Based on Table 4, Student activities in this study were
deemed to meet the criteria if they achieved a percentage of
>61%, meaning the handout can be considered good or very
good for use [22]. Knowledge test data were collected
through pretest and posttest questions. These test sheets were
analyzed using quantitative descriptive methods to
determine individual and class-level mastery of the material,
as well as to assess improvements in student learning
outcomes. Individual mastery is calculated using the
following formula:

Student’sscore

Individual Mastery = x 100 %

Maximum score

A student’s knowledge assessment is considered
passed on an individual basis if the student’s score is >75
based on the minimum passing score. Meanwhile, the
calculation of class-wide proficiency uses the following
formula:

Number of students who passed

x 100 %

Classical Mastery =

Total number of students

The classical achievement scores obtained are
interpreted according to the criteria shown in Table 5. A
student’s knowledge test is considered passed if the student
scores >75 and achieves >61%. These scores indicate that the
handout was used effectively or very effectively.

Table S. Criteria for Interpreting Student Response Score

Percentage (%) Criteria
0-20 Not Very Practical
21-40 Not Practical
41-60 Quite Practical
61-80 Practical
81-100 Very Practical

Improvements in learning outcomes can be observed
from students’ pretest and posttest scores. The magnitude of
the improvement can be calculated using the N-Gain
formula. The data analysis technique used to measure the
effectiveness of the Handout on redox material is the
learner's responsibility, using the n-gain analysis method.
posttest—pretest

<g> =
g Smax—Pretest

The n-gain score obtained is interpreted based on the
following table [10]. Based on the N-Gain score criteria, the
developed handout can be considered suitable for use if the
improvement in student learning outcomes meets> 0.7 (high
criterion) or > 0.3 (moderate criterion).

Table 6. N-gain Scorring

N-gain score <g> Category
g=>0.7 High
0.7>g>03 Medium
g<0.3 Low

Results and Discussion

The results of the Handout development research on
redox material, using the Sorogan-Bandongan learning
model, aim to describe the feasibility of the Handout. There
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are three aspects that qualify the feasibility of a media,
namely validity, practicality, and effectiveness [23].

The four steps of Thiagarajan’s 4D development
design. Define, design, develop, and disseminate the wee
applied in the creation of the Handout for this study. In order
to ascertain the product’s applicability, the study’s
development stage was restricted to the develop statge
through a small number of trials [18].

The first front-end analysis, second learner analysis,
third task analysis, fourth concept analysis, and fifth
formulation of learning objectives (specifying instructional
objectives) are all completed within the define stage. The
curriculum employed and the issues encountered by one of
the Gresik schools are the outcomes of the front-end
analysis. According to the interview’s findings, the school is
still implementing the autonomous curriculum, but because
the learning materials are still in the adaptation stage, one of
them has never used handouts, and they do not fully
complement the applied curriculum [24]. Additionally,
chemistry classes are considered rather challenging,
particularly for students with middle- to lower-ability levels.
This is especially true with redox materials. Therefore, there
is a need for Handouts leaning resouces that can be accessed
by students from anywhere and at any time [25].

Based on these characteristics, it is necessary to
develop learning media that focus on cognitive aspects. On
relevant solutions in the development of Handouts as
learning media, which have the advantage of encouraging
students to learn independently and take responsibility for
their learning process [26]. The use of this learning media
significantly improves students' cognitive abilities.
Therefore, the development and use of handouts as a learning
media is not only an innovative alternative in overcoming the
obstacles of abstract chemistry learning, but also a strategic
means of fostering a sense of responsibility in students,
which is essential for sustainable learning success [15].
Based on the analysis of the tasks created in the Handout on
redox material, the main objective is to improve students'
cognitive abilities, which are adjusted to the syntax of the
Sorogan-Bandongan learning model [27]. Next is the
formulation of the concept to be discussed in the Handout,
and the determination of learning objectives based on the
curriculum used and learning outcomes [28].

The next stage is design, which involves designing
learning media developed in the form of a handout. The task
in the design stage is to design learning media in the form of
a handout. The process at this stage is described as follows:
1. Test Development. The test preparation stage is carried out
after analyzing learning outcomes and setting learning
objectives. Test preparation includes tasks to be included in
the handout and related materials. Based on the formulated
learning objectives, the handout is divided into five
subchapters on redox material, with one prerequisite material
that must be completed before studying redox material. The
prerequisite material is Colligative Properties of Solutions.
The 5 different redox material subchapters are the concept of
redox reactions based on the combination and release of
oxygen, the concept of redox reactions based on the release
and acceptance of electrons, the concept of oxidation
numbers (oxidation numbers), the concept of redox based on
oxidation numbers and nomenclature in redox compounds
[29]. The test can take the form of practice questions that
help students understand the material on redox. These
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questions are designed to help students better understand the
ideas taught by using real phenomena as examples. Based on
the questions presented, students can determine the oxidation
number of an element or compound [30]. 2. Media Selection.
In the research conducted to develop handouts suitable for
students' needs, the platform selected was Canva, a web-
based application for editing handouts. 3. Format Selection.
The format selection stage is where the researcher
determines the format for compiling the on redox material to
improve students' cognitive abilities. The components in the
independent curriculum handout are the title, subject, class,
instructions for use, learning outcomes, learning objectives,
and assignments. While preparing the handout, the feasibility
of its presentation, language, and graphics must also be
considered. This needs to be considered to develop an
attractive, innovative handout that builds students' desire and
interest. 4. Initial Design. The initial design outlines the main
activities for developing a handout on redox materials using
the Sorogan-Bandongan learning model. The designed
handout is consulted with the relevant supervising lecturer to
determine its suitability for use. The components of the
handout on redox materials can improve students' cognitive

abilities, as shown below [9].

Table 7. Development of Handout
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Foreword

A preface is an
introductory
section in a
written work
(paper, thesis,
report, book) that
helps readers
understand the
context, purpose,
and general
overview of the
content.

KATA PENGANTAR ‘

Puji don syukur atos kehodirat Alloh SWT yang telah
melimpahkan rahmat, toufig serta hidayah-Nya, sehingga
penulis dopat menyelescikan Handout Kimia Reaksi Reduksi dan
Oksidasi (Redoks) Model Sorogan-Bandengar.

Handout ini disusun sebagai pendampingan dan pendukung
kegiatan belajar mengajar untuk memenuhi kebutuhan serta
meningkatkan prestasi belajar peserta didik. Handout ini ditulis
sesuai capaian joron materi dengan
kejelosan bahasa sehingga tujuan pembelajaran dapat tercapai
Materi yang disampaikan menggunakan bahasa yang mudch
dipahami yang disertai dengan gambar, video yang menarik
serta latihan soal secara terstruktur diharapkan dapat membuat
pembsiajaran bisa berjalan dengan maksimal.

Penulis mengucapkan banyak terima kasih kepada semua
pinck yang telah membantu dalam pembuatan Handout
sehingga dapat terselesaikan dengan tepat waktu. Penulis juga

adanya dalam Handout ini,
oleh karena itu kitik dan saron sangot dihorapkan demi
penyempurnaan handout ini.

semoga Handout ini dapat memberikan manfaat dan bisa
menjadi sarana belajar bag peserta didik

Surabaya, 23 Juni2025

Penulis

REAKSI REDOKS

Main Map

The primary
purpose of a redox
concept map is to
visualize, simplify,
and connect
complex chemical
concepts related to
reduction and
oxidation reactions,
making them easier
to understand and
remember.

PETA KONSEP|

handout serves as a
form of
accountability and a
reference source
that facilitates
coordination and
verification of the
material’s
authenticity by
teachers, students,
and school officials.

Information Design

The front cover of terdsa

the handout serves

as a visual cue to HANDOUT KIMIA

. .. REAKSI REDOKS

ncrease motivation MODEL PEMBELAJARAN SOROGAN-BANDONGAN

to learn and et

provides an initial —a

overview of the )

learning material. ’ -
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T
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:mummin. SPd., M.Pd.

The author’s

Identity On tlle HANDOUT KIMIA

REAKSI REDUKSI DAN OKSIDASI (REDOKS)
MODEL PEMBELAJARAN SOROGAN-BANDONGAN

Untuk Peserta Didik kelas XII/ Fase F

Roduksl dan Oksidasl Oleh Muhammod Danu Enangga)

Penyusun:
Nur Ainun
Dosen Pembimbing :
Or. Hj. Rinaningsih, SPd, MPd.
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Introduction
(Learning
Outcomes and
Learning
Objectives) is an
indtroduction set
the stage for
educational
success by
defining
expectations and
mapping the
learning journey

PENDAHULUAN

Pada akhir Fase F, peserta didik memiliki kemampuan untuk
memahami perhitungan kimia, sifat, struktur dan interaksi
partikel dalam membentuk berbagai senyawa termasuk
pengolohan dan  penerapannya  dalam  keseharian;
memahami konsep laju reaksi dan kesetimbangan reaksi
kimig; memahami konsep larutan dalam  keseharian;
memahami  konsep termokimia; konsep redoks dan
elektrokimia; serta memahami kimia organik termasuk
penerapannya dalam keseharian. Konsep-konsep tersebut
memungkinkan  peserta  didik menerapkan  dan
keterampilan mereka.

[

1.Peserta didik dapat membedakan konsep reaksi oksidasi
reduksi ditinjau dari penggabungan dan pelepasan

oksigen dengan benar.
2pPeserta didik dopat membedakan konsep redoks
dan elektron

dengan benar

3.Peserta didik dapat menentukan bilangan oksidasi atom
unsur dalam senyawa atau ion dengan benar.

4.Peserat didik dapat menentukan konsep reaksi redoks
berdasarkan bilangan cksidasi dengan benar.

SPeserta didik dopat memberikan nama  senyawa
menurut IUPAC berdaosarkan bilangan oksidasi dengan
benar.

Practice questions
on oxygen release
and combination
The goal is for
students to
practice problems
to improve their
cognitive skills
regarding redox
concepts based on
the release and
combination of
oxygen

3.
Oksidator adaloh zat yang menysbabkan zat lain mengalami
reduksi. Sedangkan Reduktor adalah zat yang menyebalkan zat lain
mengalami oksicasi.

ontoh reaksi oksidasi:
a.250(g) B230:(g) +0u(a)
b.2KCI0,(s) B2KCI(s) + Oy(g)
Pada reaksi (a), 50, melepaskan aksigen membentuk SO, demikian
juga pada reaks! (5) KCI0, melepaskan oksigen menjadi KCL Jadi, 50,
KGO, mengaiami reaks reduks.

LATIHAN SOAL 1.1
Tentukaniah reaksi oksidasi dan reduksi pada recksi berikut)
berdasarkan konsep pelepasan dan penggabungan oksigen serta
tentuken oksidator dan reduktor!

@) 2KCIO; — 2KCl + 30;
b) dFe + 30z -2 Fe0
c) 27n5 +30; - 27Zn0 + 250,

REAKS| REDOKS

Prerequisite
Material

The function
serves as essential
preparatory
material that
provides the
foundational
knowledge or
prerequisites
necessary for
successfully
mastering
subsequent
material

MATERI
PRASYARAT
Sebelum mempelajari materi reaksi redoks, ada baberapa
mater| prasyarat yang perlu kamu ketahu terfebin dahulu. Materi
prasyarat ini okan membantu kamu dalam mempelajari materi
racios. Berlkut merupakan ringkasan mater prasyarat yang pariu
kamu ketahui:
A lkatan Kimia
Ikatan Kimia adalah ikatan antara atom-atom untuk membentuk
senyawa, sehingga mencapai kestabilan. Atom yang belum stabil
menginginkan dirinya agar stabil seperti unsur gas mulia. Oleh
karena itu, untuk mencapai kestabilon suatu atom membentuk
konfigurasi gas mulia sepert aturan duplet, oktet. Namun terkadang
terjadi penyimpangan oktet, dimana elektron valensi jumiahnya
lebin dar 8 nGMUN Gtomnya tetap stabil ikatan Kimia terdir dari tiga
Jenis yaitu ikatan fon, katan kovalen, dan ikatan logam.
1.ikatanlon
Ikatan ien adolah lkatan yeng terjadi bardesarkan serah terima
atou parpindanan elektron, ikatan ontara fon positf dan ion negati,
ikatan antara unsur golongan 1A dan 1A (+) dan golongan VI don
VIlA(-). Contoh senyawa ikatan fon antara lain: NaCl, KOH, KCI, MgCl,
cacl, dil
‘Contoh dari lkatan ion antara atom Na berikatan dengan atom C1 2
Atom Na berikatan dengan atom CI, Konfigurast

TNa:2.8.1 Naakan on positit
kepada Cl agar mencapai kestabilan.
wel2.8.7 ion negatit

dari Na agar stabil,
Reaksi yang dapat dituliskan adala:
Na - Natse
Cl+e - Cr 2.8.8

Rumus molekul : Na*+ €I~ Nacl

Material for
Oxygen Release
and Combination
The objective is
for students to be
able to analyze
redox concepts
based on the
release and
combination of
oxygen
correctly.

Konsep Reaksi Redoks
Berdasarkan Penggabungan dan
Pelepasan Oksigen

Tujuan Pembelajaran (TP) 1: Peserta didik dapat membedakan kons
foioks berdasafan .‘-u%uun “Gah pengAbUNGaR aksigen dSngoh
Benar

g

pasan oksigen

Oksigen Suatu Zat
Reaksi reduksi merupakan reaks! pelepasan oksigen dleh suatu zat
Contohnya reaks! penguraian oksida raksa.

Hgols) - Hg()  + 0ug)

Pada persamaan penguraian oksidas raksa diatas. Di ruas ki reaksi,
terdapat senyawa oksida raksa, yaitu HgO. Sementara di ruas sebelah
konan reakasi terdapot unsur Hg dan gas oksigen (0,). Terjadi
perubahan dari HGE menjadi Hg. Dan gas oksigen (O.)di nias sebelah
kanan menandakon tefjadinya pelepasan oksigen, maka reaksi ini
merupakan reaksi reduksi.

Oksigen Suatu Zat
Reaksi oksidasi merupakan reaks! pengikatan oksigen oleh suatu zat
Contohnya pembentukan tembaga oksida.

2cu(s)  +  0:g) »  2cu0(s)
Pada persamaan reaksi pembentukan tembaga oksida diatas. DI

(0) Sementara di ruas sebelah kanan roaks! terdapat senyawa
tombagaoksida (Cuo).

Pada unsur Cu akan mengikat oksigen dan berubah menjadi
tembaga oksida (Cuo). karena pengikatan oksigen, maka reaksi ini
mmeripakan reaksi oksidasi

Materials for
electron release
and acceptance
The objective is
for students to be
able to correctly
analyze

redox concepts
based on the
release and
acceptance of
electrons.

Berdasarkan Pelepasan dan

Tujuan Pembelajaran (T serta didik daj
retioks berdasarkan pelepasan dan peneri

it membedakan kensep
in elektron.
Oksidasi adaloh Pelepason elektron

Reduksi adalah Penerimaan elektron

1. Konsep Dasar yang

slektron.

Reaks! reduks! merupakan recksi penangkapan elekiran. Contehnya
pada reaksi di bawah ini :

cut o+ Ze - Cu

Fada reoks! reduks! ini elektronnya beroda di ruas sebelah kirl reaksi
sebogal reaktan. Sedangkan Reduktor odalah 2ot yang melepaskan
elektron atau zat yang mengalami oksidasl
2

3 pa:
sloktron.

Reaks| oksidasi merupakan reaks! pelepasan elektron. Gontohnya
pada reaksi di bawah ini -

n - In* +  2e

Pada reaks! oksidasi Inl elektronnya berada di ruas sebelan kanan
reaisi sebagal produc Sedangkon Oksldater adoich zat yang
mengikat elektron atau zat yang mengalami reduisl
Contohnya : Pada reaksi H +F; —+ 2HF. Reaksl terssbut dapot ditulls
sebagal berikut
Hy + Fp — 2H' + 2F- — 2HF

Nkl |

Practice questions
on electron
release and
combination

The goal is for
students to
practice problems
to improve their
cognitive skills
regarding redox
concepts based on
the release and
acceptance of
electrons

E LATIHAN SDAL 12

LTentukan reaksl yang mengalami  oksidasi dan  reduksi
dan pener elektron dan jelaskan

alasannya |
a) Fe sFe’ +e
b) Cu?* +2e »Cu

2. Tentukan reaksi oksidator dan reduktor berdasarkan konsep redoks
pelep n penerimaan i reaksi di
ini

L+2e52

REAKSIREDOKS
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Oxidation number
concept material.
The objective is
for students to be
able to correctly
determine the
oxidation numbers
of atoms of
elements in
compounds or
ions.

Tujuan Pembelajoran (TF) 3: Peserta didik dopat menetukan bilangan
‘oksidaai atom unsur dakm senyawa atau fon.

5.5 Bilangan Oksidasi Senyawa adalch jumiah muatan listrik yang
i\(‘aimmn atom-atom suatu senyawa, dimana elektron katan

yang

7' Bilangan Oxsidasi atom adalah muatan lisrk yang dirilki suaty
“4 atom dalam sebuah senyawa.

Contoh  biloks HC! adalah 0, biloks Mg™* adalah +2, dan biloks F-
adoloh -1

2]

W

-

T'w Aturan - aturan di bawah i disusun berurutan menggunakan
aturan bemomor ledih rendah tedeblh dahulu, lalu. gunakan

-
aturan bernomar lebih tinggl.

Urutan aturan dalam penentuan bilangan oksidasi suatu unsur
dalam senyawa:

O Jurniah biloks seluruh atom dalam senyawa netral = 0

Jumiah biloks seluruh atom dalam ion = muatan ion
‘tersabut

Biloks atorm-atem unsur bebas (yaitu dalam keadaan
tidak h

tergabung drngan unsur lain) = 0. contohnya
O3, Chy, Py, Ss

REAKSIREDOKS

Practice questions
on oxidation
numbers in redox
compounds.

The goal is for
students to
practice problems
to improve their
cognitive skills
regarding redox
concepts based on
oxidation numbers

Penyelesalan:
bz + ma el o
v 1 2

Otz |

Pada perubahan bioksnya bahwa terjadi penurunan biloks pada
Unsur H dari +1 menjadi 0, menunjukkan bahwa UNSur H tereduks
Sedangkan terjad penambanan biloks unsur 2n darl O menjadi +2 yang
menunjukkan banwa unsrur Zn teroksidasi. Reaks tersebut termasuk
reaksi redoks.

Rk

2 s +sop ~ 3+ 0
2 4 0
Redks!
Oksicasi

Pada perubohan biloksnya bahwa tefadi penuninan biloks pada
unsur S darl +4 menjadi 0, menunjukkan bahwa unsur S tereduksi.
Normun pada unsur S pula terjadi penambahan biloks dari -2 menjodi 0
yang menunjukkan bahwa unsur § teroksidasi. Reaksi Ini merupakan
reaksi autoradoks karena unsur yang sama mengalomi oksidasi dan
reduksi

E LATIHAN SOAL 14
Tentukan apakah reaksi berikut merupakan reaksi redoks atau
bukan! Jelaskan dengan memeriksa perubahan bilangan
oksidasi

@) Fe; 05 + 6HOI —+ 2FeCly + 31,0

b) 2Mg (s) + Oy (3) — 2MgO (s)

REAKSI REDOKS

Practice questions
on oxidation
number concepts
The goal is for
students to
practice problems
to improve their
cognitive
understanding of
oxidation
numbers.

penyolasaian:
@) HiS

Aturan1: H:S adaloh senyawa netral (tidak bermuatan). Sehingga
jumiah biloks seluruh atem dalam senyawa tersebut = 0

Aturan § : Unsur H dalam senyawa memiliki biloks = +1 sehingga
biloks H,$ dapat dihitung dengan cara :

s =2
Jadi, digapatkan biloks S sebesar -2

b) 5Cl
Aturan 151, adalah senyawa netral (tidok bermuatan). Sehingge
jumlah biloks seluruh atem dalam senyowa tersebut = 0
Aturan 7: Unsur Cl termasuk dalam gelongan Vil A memiliki biloks
= -1 sehingga biloks SCI, dapat dihitung dengan cara berikut ini :
(2x Biloks Cl) + Biloks S = 0

() + s

S =2
Jadi, didapatkan biloks S sebesar +2.

‘E LATIHAN SOAL13
Tentukan Bilangan Oksidasi unsur Kalium () dalam senyawa berikut!

@) KMnO: b) KClOs c)Kel

REAKSI REDOKS

Material on the
nomenclature of
redox compounds.
The objective is
for students to be
able to correctly
analyze
compound names
according to
IUPAC based on
oxidation
numbers.

Tatanama Pada Senyawa
Redoks

Tujuan Pembelajaran (TP) 5: Pesarta didik dapat memberikan nama

Pada tata nama senyawa biner khususnya yang terdin dar logam
dengan non-logam, di mana bilangan oksidasi memengaruhi nama
senyawa tersebur. Jika suatu logam memilii lebih darf saw macam
bilangan oksidosi, bilangan oksidasinya ditunjukkan dengan angka
romawi dalam tanda kurung setelah nam logamnya; yang kemudian
dilkiti nama unsur non-logam yang diberi akhiran - .

Logam + (Bllangan Oksidasi Logamn) + Nen-Logam + ~ido

Contoh soal :
Lebih darl separuh logam vanadium yang diproduksi di Amerla
serikat dicampur dengan baja untuk meningkatian kekuatan baja.
adalah katalis penting dalam industri Kimia dan digunakan dolam
pembuatan nilon dan produksi asam sulfat, osetaldehida dan asam
oksalat. ;0 juga menghasilkan pigmen hitam untuk industri pewarna.
Tontukan nama senyawa V,0,
Penyelesaian :

V20s
(2 X Biloks V) + (5 X Biloks 0) = 0
a) o+ s-2) =0
v + (o) =0

Dalam senyawa ini unsur Vanadium (V) memilii biloks +5. Sehingga

REAKS| REDOKS

Oxidation number
of the material in
redox compounds.
The goal is for
students to be able
to correctly
analyze the
concept of redox
reactions based on
oxidation
numbers.

Bilangan Oksidasi Pada
Senyawa Redoks

Tujuon Pembelajoran (TF) 4: Peserta didik dopat menentukan konsep
reaksi redoks berdasarkan bilangan oksidasi.

1 Bilangan Oksidasi pada Reaksi Redoks
Bilangan oksidasi dapat digunakan Untuk menentukan 2ot yang
mengalomi oksidasi dan reduksi pada suatu reaksi redoks .

Okidasi melibatkan naiknya bilangan oksidasi suatu unsur.
Reduksi melibatkan turunnya bilingan cksidasi suctu unsur,

Dolam reoksi redoks terdopat Istilah oksidator dan reduktor.
Oksidator odalih 20t yang mengoksidasi zat lain dengan cara
menerima elektron, (mengalomi reduksi). Redukter adalah zat yang
mereduksi zat lain (mengalami oksidasi).

Oksidator mengalomi reduks.

Reduktor mengalami oksidas!
sebagai conteh, bagaimana definisi tersebut beriaku untuk reaksi

antara logam mognesium (Mg) dengan gas cksigen (0,) membantuk
magnesium oksida (MgO).

' e
Ad .
i d
!‘ )
Gambar 4. Reaksi antara Logarm Mg dengan gas0:

(sumbar : Brown, 2018)

Pada gambar 4 memilii parsamaon reaks! yaitu :

Mg + 01 > 2MgO

G
REAKSIREDOKS

Practice questions
on redox
compound
nomenclature.
The goal is for
students to
practice problems
to improve their
cognitive skills
regarding the
nomenclature of
redox compounds

E LATIHAN SOAL15
Tentukan nama senyawa redoks berikut ini berdasarkan bilangan
i dan jelaskan!
a) N:Os b) Fo(NO1): ©) No:SOs

REAKSI REDOKS
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Glossary.

A glossary
functions as an
alphabetical list of
specialized,
technical, or
unfamiliar terms
with definitions,
usually located at
the end of the
handout.

GLOSARIUM |

The third stage develops an E-Worksheet through the
steps of review, revision of review results, validation, and
testing. The review was conducted to obtain expert
suggestions/comments on the draft Handout, which had been
prepared as a basis for improvement in the event of errors.
The review was conducted by one lecturer from the
Chemistry Education study program. The initial Handout
(draft I) has been revised to draft Il and then validated by the
following validators: 1 chemistry teacher and 2 chemistry
education lecturers.

In content validation, the suitability of the Handout
with respect to learning outcomes and learning objectives
gets mode 4, the suitability with the Sorogan-Bandongan
learning model gets mode 4, the suitability with cognitive
ability indicators gets mode 4, and the suitability with
language gets mode 3. In construct validation based on
aspects of chemical characteristics gets mode 3, suitability
with the characteristics of students gets mode 3, presentation
criteria gets mode 4, and graphic criteria gets mode 4 [31].

Based on validation conducted by 3 validators of the
Handout on redox material, the Handout is valid for use. The
E-Worksheet has undergone comprehensive revisions based
on input and suggestions from the three validators, and it is
now declared valid and suitable for use as learning media and
for testing. The validated handout is then called draft III.

Volume 21 No. 3 (2026): 446-456

After the validation stage, which yielded valid results,
the Handout was then tested in a limited trial with 30 students
in class XI at MAN 2 Gresik. The limited trial was conducted
to determine the practicality and effectiveness of the
developed Handout.

Practicality data are obtained through a learner
response questionnaire and observation of learner activities
during the use of the Handout, which directly reflect ease of
use, media attractiveness, and learner involvement in the
learning process. The Handout developed is declared
practical if the percentage reaches > 61% [16].

The presentation aspect of the Handout received an
average classification of 93% as very practical, indicating
that the material is easy to understand and interesting to
students. In terms of content components, the Handout
received an average score of 100% and was classified as very
practical, indicating that the material presented is relevant,
comprehensive, and appropriate for students' learning needs,
making it an effective learning resource. In terms of
linguistics, the Handout received an average score of 100%
and was categorized as very practical, indicating that the
language used in the Handout is communicative, easy to
understand, and in accordance with Indonesian language
rules.

102
100
98
96
94
92
90

88
Presentation

Percentage

Cognitive
Ability

Criteria

Content
Components

Language

Figure 1. Results of Student Response Questionnaire

Based on the students' response questionnaire to the
Handout, the average positive response was 97%, and the
average negative response was 3%, indicating that the
Handout was in the very practical category and could be used
for learning [32].

Relevant activities accounted for 96.67% in the first
meeting, while irrelevant activities accounted for 3.33%. In
the second meeting, relevant activities accounted for 97.22%
and irrelevant activities for 2.78%. In the third meeting,
relevant activities accounted for 97.78% and irrelevant
activities for 2.22%.

In the first meeting, relevant activities included seven
indicators, namely students paying attention to the teacher's
explanation, students taking a pretest, students reviewing or
reading handouts, students reading and understanding the
information contained in the handouts and doing the
exercises, students paying attention to the teacher explaining
the redox material, students asking questions to the teacher,
and students conducting learning evaluations. In activity 2,
namely the pretest, students completed it for 15-20 minutes.
The pretest consisted of 15 multiple-choice questions on
redox material. The total relevant activity reached 96.67%,
while irrelevant activity reached 3.33%. In the second
meeting, relevant activities included seven indicators,
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namely: students paying attention to the teacher; students
reviewing or reading handouts; students continuing to work
on exercises provided in the handouts; students performing
well in sorogan (diagnostic tests); students making and
presenting conclusions from learning activities; students
asking questions or answering questions from the teacher;
and students conducting learning evaluations. Based on
observer data, all students performed these activities, with an
average percentage of 16.67%. In activity 4, which involved
taking a diagnostic test (Sorogan), the aim was to determine
learning groups and group leaders to help their groupmates
improve their understanding of redox material. Based on the
observer's data, all students performed these activities, with
an average percentage of 28.33%. The total relevant
activities accounted for 97.22%, while irrelevant activities
accounted for 2.78%. In the third meeting, relevant activities
included seven indicators, namely: students paying attention
to the teacher's explanations; students being able to complete
the worksheets according to their assigned groups; students
discussing with their groups; students making and presenting
conclusions from the learning activities; students asking
questions or answering questions from the teacher; students
being conducive when completing the post-test; and students
conducting learning evaluations. All of these activities
reflect learner-centered learning, as students actively
participate in every stage of the learning process. Based on
observer data, all students performed these activities, with an
average percentage of 16.67%. The total relevant activities
accounted for 97.78%, while irrelevant activities accounted
for 2.22%.

The overall results of student activities from meetings
1 to 3 showed an increase, with a percentage of > 61%,
indicating that the Handout on redox material is very
practical. Furthermore, the effectiveness of the Handout on
redox material is evaluated by the increase in students'
observation scores for the learning outcomes at each
meeting.

Table 8. Knowledge Test Results with Student N-Gain

Scores
Score Score  N-Gain .
No  Name Pretest  Posttest Score Criteria
1 MNA 33 85 0.78 High
2 MSR 20 76 0.70 High
3 g{HA 67 89 067 Medium
4 MK 53 97 0.94 High
5 NAC 33 80 0.70 High
6 NAP 73 86 0.48  Medium
7 NNF 33 93 0.90 High
8 QA 40 83 0.72 High
9 RRPS 46 93 0.87 High
10 RAA 47 86 0.74 High
11 RS 53 86 0.70 High
12 SAM 40 77 0.62  Medium
13 SAMP 40 81 0.68  Medium
14 SNZP 67 84 0.52  Medium
15 SRD 67 93 0.79 High
16 zQT 67 85 0.55 Medium
Average 47.16 88.59 0.77 High

Based on the N-Gain Score analysis, seven students
scored in the moderate category: 0.65, 0.33, 0.67, 0.48, 0.62,
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0.68, and 0.55. Meanwhile, one student obtained an N-Gain
Score in the highest category, namely 1.00. In this study, the
handout was considered effective if the criteria for learning
outcome improvement yielded a moderate N-Gain Score (0.7
> [g] = 0.3) or a high ([g] > 0.7). Based on Table 6, 30
students who participated in the handout trial all obtained a
posttest score of > 75, indicating complete mastery. This is
in line with the minimum competency standard for chemistry
applied at MAN 2 Gresik, which is 75. The 30 students who
mastered the material achieved a classical mastery rate of
100% with a very effective criterion.

Based on the data described above, it was concluded
that the redox handout using the Sorogan-Bandongan
learning model, as evaluated against the three research
objectives, namely validity, which achieved an average
mode of 4 for content and construct validity, the second
objective, namely the practicality of the response
questionnaire, which was completed by 94.11% of the
students, and the activity observation sheet, which showed
an increase in each session, specifically from Session 1 to 3,
respectively, at 96.67%, 97.22%, and 97.78%, meeting the
criteria for “very practical.” Furthermore, the third objective,
effectiveness, was demonstrated through an increase in pre-
test and post-test scores calculated using the N-Gain score,
yielding a score of 0.77, categorised as “very good.”

The effectiveness of Sorogan-Bandongan model-based
handouts in improving cognitive abilities regarding redox
material offers a new perspective compared to previous studies.
Specifically, these findings confirm that individual interaction
within the Sorogan model can reduce misconceptions; however,
this study goes a step further by using handouts as a quality-
control instrument to guide students. The increase in learning
outcomes fell within the moderate criterion (N-gain 0,66)
through the oral application of the model; the use of handouts in
this study allows for a more concrete visualization of redox rules
and reaction balancing, thereby enabling a better distribution of
students’ cognitive load. Furthermore, compared with the
Chemoentrepreneurship-based handout, which achieved 85%
practicality for the applied material, the handout in this study
features a unique hierarchical presentation structure. This
uniqueness lies in the “Sorogan” phase, which requires students
to engage in self-guided learning based on the handout content,
ensuring that the resulting cognitive development is not merely
procedural memorization but a personally validated
understanding of redox concepts through direct verification
between teacher and student. This study achieved an N-Gain
score of 0.77, classified as “very good,” demonstrating
improvement over the previous study, which achieved an N-
Gain score of 0.66, classified as “medium.” This study achieved
an N-Gain score of 0.77, classified as “very good,”
demonstrating an improvement over the previous study, which
achieved an N-Gain score of 0.66, classified as “moderate,” and
a response rate of 94.11%, compared to the previous study’s
response rate of 85%.

Theoretically, the effectiveness of this intervention is
based on the synergy between reducing cognitive load through
a systematic handout structure and optimization through
dialogic interaction in the Sorogan-Bandongan model. Its
pedagogical implications in chemistry education lie in a
methodological transformation, where the values of traditional
ethnopedagogy are revitalized to strengthen the humanization
of science and conceptual accuracy in material with a high level
of abstraction. Furthermore, this integration fosters self-directed
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learning through mechanisms of personal accountability,
thereby ensuring that students’ cognitive mastery is
authentically developed and verified.

Conclusion

The Redox Reaction Chemistry handout, developed
using the Sorogan-Bandongan learning model, has been
deemed highly suitable for use as it meets the three primary
criteria for development: validity, practicality, and
effectiveness. In terms of quality, this handout has content
and construct validity rated as excellent and has proven
highly practical to apply, with the percentage of student
activities and positive responses exceeding 94%.
Furthermore, this instructional material has proven effective
in significantly improving student learning outcomes, as
evidenced by an N-Gain score of 0,77 and a cognitive
mastery level reaching the high category. Suggestions for
further development include adding learning objectives and
practice questions to the prerequisite materials to assess
students’ readiness and identify initial misconceptions, and
expanding the implementation of the Sorogan-Bandongan
model to other chemistry topics to strengthen conceptual
mastery in support of the Merdeka Curriculum initiative.
Additionally, the author suggests transforming the media
into an E-Handout format while maintaining student
independence, requiring practice problems to be completed
by rewriting or typing directly, without copying and pasting
from the material.
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