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Abstract—An important aspect of 21st-century education is
student-oriented teaching targeted at essential training skills
that should be possessed, such as Computational Thinking (CT).
All individuals need CT due to being helpful in solving various
problems associated with computer science and mathematics, as
well as daily life. However, most students still have low CT levels,
leading to a need for teaching materials capable of enhancing
the skills, such as a problem-based interactive e-module.
Therefore, this study aimed to produce interactive e-module on
valid and practical exponential material using Problem-Based
Learning (PBL). The subjects used were high school students in
grades 9 and 10, while the applied method included 3 stages,
namely analysis, design, and development. The study data were
collected and analyzed quantitatively using tables of validity and
practicality criteria. The results showed that a very valid
interactive e-module on exponential material was produced with
an average validity percentage of 90.8%, as signified by the
comments and suggestions from the validators. The practicality
value of 82.7% was determined from a small group trial,
denoting that the developed interactive e-module corresponded
with the practical criteria. Because the developed interactive e-
module is already very valid and practical, the product can be
used in classroom learning to enhance students’ computational
thinking skills after using the interactive e-module.

Keywords—computational thinking, interactive e-module,
exponential, problem-based learning

I. INTRODUCTION

Indonesia is preparing to compete with major global
players by adopting the technological developments
accompanying this rapidly changing era [1]. Considering this
situation, the skills necessary to navigate the digital era need
to be prepared immediately, even though the task might not
be easy to achieve. Students will become victims of the
modern era because of the inability to tolerate the rapid
development of communication technology, as well as the
increasingly difficult and complex future problems without
the skills [2]. Therefore, students need to prepare with strong
problem-solving skills to tackle the rapid advancement [3].

A type of problem-solving skills required in the 21st
century is Computational Thinking (CT) [4], which includes
breaking down each problem into several effective and
efficient parts [5]. CT incorporates methods that train
students to simplify problems and stimulate creativity [6, 7].
This is synonymous with computer science, but comprises
broader benefits and can be integrated into other disciplines,
including mathematics.

Moreover, the learning of mathematics that emphasizes
critical and systematic thinking, such as algorithms,
computation, problem-solving strategies, and a focus on
processes, shows correspondence with CT principles [8, 9],
signifying CT covers more than computer science and holds
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significant importance across diverse educational fields.
Wing divided the indicators of CT into 4 categories, including
decomposition, pattern recognition, abstraction, and
algorithms [10]. Csizmadia et al. presented a different
perspective, asserting the existence of 5 indicators, namely
algorithms, abstraction, generalization, decomposition, and
evaluation [11].

Based on previous analysis results and descriptions, this
study used decomposition, pattern recognition, abstraction,
and algorithm indicators, which correlate with classroom
mathematics learning. Therefore, the aim was to develop
interactive e-module serving as teaching material for students
during the classroom learning process without applying the
evaluation indicator.

CT skills of students are still relatively low in reality, as
confirmed by the study of Mufidah that mathematics students
currently experience challenges in solving problems through
the integration of acquired information [12]. The factors
affecting these low skills include the lack of creativity from
teachers in innovating the learning process. Teachers often
emphasize learning that requires memorizing the procedures
used to solve mathematical problems, which leads to low CT
levels among students [13, 14].

A suitable alternative to support CT is Problem-Based
Learning (PBL) method which uses real-world problems as a
context for learning and practicing problem-solving skills as
well as developing individual learning strategies [15, 16]. By
using this method, students develop CT skills that can be
enhanced through problem-solving skills [17]. Therefore,
PBL is among the alternative solutions that can support
learning activities to achieve good results in both problem-
solving and CT skills.

Exponential material is associated with CT, as it requires
students to use existing CT stages to solve problems [18, 19],
leading to being suitable for training CT skills related to
thinking and problem-solving skills. However, students still
face difficulty in calculations and a lack of precision in
solving problems in this material [20]. Several factors that
make exponential material difficult to learn include an
inappropriate learning method and insufficient content in the
provided teaching materials [21].

Inappropriate teaching materials are among the factors
contributing to low CT skills and the difficulties experienced
by students with exponential material. Therefore, teaching
materials corresponding with the current era of Technology
4.0 need to be developed [22]. Teaching materials are
systematically and attractively organized learning materials
designed to promote interest in learning and independent
study [23]. Interactive teaching materials combine two or
more media, such as audio, text, graphics, images, and
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animations [24].

In this study, teaching materials will be designed in the
form of a module, which is a package of independent learning
structured into several sub-chapters [25]. A module with a
problem-based method helps students learn independently
without teacher guidance [26]. The current conditions
demand independent learning without direct guidance, hence,
technology plays an important role in supporting the learning
process [27].

Inadequate teaching materials are a contributing factor to
low CT levels and difficulties encountered by students with
exponential material. Considering the importance of CT, an
innovation will be carried out by designing interactive e-
module corresponding with CT indicators and using PBL.

Previous investigations developed e-module to improve
CT skills in early childhood coding education [28] using PBL
on data presentation materials [29], fractions [30], flat
shapes [31], and linear programming [32]. There are no
studies that have used PBL to develop interactive e-module
on exponential material capable of providing interactive and
engaging learning experience for students as well as
enhancing CT skills. Therefore, this study aimed to produce
interactive e-module on valid and practical exponential
material using PBL.

Interactive e-module will offer interactive and captivating
learning experience, leading to the enhancement of CT skills.
This incorporates a video showing how to solve exponential
material problems using CT, as well as learning activities that
students can access and engage with.

Conducting this study is necessary because there are
currently no teaching materials in the form of interactive e-
module for the mathematics subject, which can help improve
CT skills used in schools during classroom learning.
Supposing a designed e-module on exponential material is
effective in improving CT skills, it can be further developed
into interactive e-module for connecting CT skills of students
with all mathematical materials. Meanwhile, the method
applied in this study to measure validity of the developed
product includes 3 stages, namely analysis, design, and
development.

Il. MATERIAL AND METHOD

A. Study Design

This study is a development study that produces an
interactive e-module on exponential material that is valid and
practical using PBL and through three stages that will be
explained in the subheading “Procedure for Developing
Interactive e-module,” namely analysis, design, and
development. Furthermore, only 3 validators were included
in the expert review stage, namely 2 professors and 1 teacher,
which became a limitation. Validator 1 assessed the
correspondence of interactive e-module with CT and PBL
indicators. Validator 2 confirmed the correspondence of the
constructs and interactivity in the developed e-module.

Validator 3 confirmed the correspondence of language and
content in interactive e-module. The subjects of this study
were grade 10 students from a high school, consisting of 3
and 6 students for one-to-one and small-group validation
phases, respectively.

The study instruments used included validity and

practicality questionnaires, where the validation process
applied validity questionnaire. Validators added comments
and suggestions on the provided sheet, while students
received the practicality questionnaire to offer comments and
suggestions. Validity and practicality questionnaires were
supplied in the form of a Likert scale with four answer
categories. The analytic method was divided into several
stages:

B. Stage of Validity Analysis

This stage included calculating the average of the
validation sheet consisting of content, construct, and
language aspects carried out by the validators. Validity
categories are presented in Table 1.

Table 1. Criteria for validity of e-module [33]

Validity Level Validity Criteria
85.1%-100% Very Valid
70.1%-85% Fairly Valid
50.1%-70% Less Valid
0.1%-50% Not Valid

Interactive e-module was considered valid when the
average score from each validator met the criteria of being
sufficiently valid. A revision was conducted in case there
were deficiencies in the obtained scores.

C. Practicality Analysis Stage

The criteria for the practicality questionnaire are presented
in Table 2.

Table 2. Practicality criteria [34]
Practicality Level Practicality Criteria
84% < Na < 100% very practical

68% < Na < 84% practical
52% < Na < 68% less practical
36% < Na <52% not practical
20% < Na < 36% very impractical

Interactive e-module was considered practical when the
average response of students fell in the practical category.

D. Procedure for Developing Interactive e-Module

This study was conducted to measure validity of the
developed product through three stages, including analysis,
design, and development. Each stage is explained as follows:

1) Analysis stage

Analysis stage included examining the independent
curriculum, reviewing the literature on learning materials
such as exponential and problem-based learning, identifying
the need for developing interactive e-module, and conducting
a design study.

2) Design stage

Design stage included developing interactive e-module
comprising elements such as the front cover, main menu,
preface, table of contents, Learning Outcomes (LO), learning
objectives flow, usage instructions, concept map, materials,
exercises, evaluation, bibliography, and author biography.
Furthermore, wizer.me was used to design the exercises and
evaluations, and the initial design was referred to as prototype
I. The designed e-module was developed into an Android
application using Flip PDF Corporate, Web 2 APK Builder,
and Google Play Console.
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3) Development stage

During development stage, experts in the fields of content,
media, and language assessed interactive e-module to
determine validity. Subsequently, interactive e-module
results were revised based on the feedback and suggestions
received. This was followed by a product trial stage, which
comprised one-to-one and small-group phases. The one-to-
one trial was revised based on feedback, and a small group
trial was conducted to assess the practicality of interactive e-
module.

I11. RESULT AND DISCUSSION

A. Analysis Stage

This stage generated results from a study conducted on the
independent curriculum by mapping LO as a basis for
developing learning objectives of exponential material,

exponential equations. The use of interactive e-module as
supplementary teaching material was supported by a program
at one high school that implemented technology in all
learning processes and during exams. The analysis results
were applied as a guideline in developing interactive e-
module on exponential material, namely the concepts,
properties, and equations of exponential.

B. Design Stage

Canva was used to design interactive e-module comprising
a cover page, main menu, preface, table of contents, learning
outcomes, learning objectives flow, usage instructions,
concept map, materials, exercises, evaluation, bibliography,
and author biography. The exercise and evaluation pages,
including front display, identity, problems, and CT-based
questions, were designed with wizer.me. Table 3 presents
interactive e-module as well as the exercise and evaluation
pages.

particularly regarding the concepts, properties, and
Table 3. Interactive e-module of exponential material designed
Information Display Information Display
o oizerme @
By (.,.L X MLJL 0D, i ~
[ “)I} Z)(z:k \ 4 ll _ sy V(i\ Y 1X1~5
By Muhammad/Aidi @ W WA @ Y
Fitrisyoh " LATIHAN/EVALUASI :
éf)ocfuk “:)jj f.'fn :Q?L /‘,'ul :E"Y
n \:MCZ ' o s A/CZ l o s M(‘Z l . 2
SILAHKAN IS] DATAT SEPERTI NAMA, KELAS, DAN
u E HARI/TANGGAL
NAMA
Cover Exercise/Evaluation

IVERARVIE

EKSPONENSIAL
VTR EEUHYNG GORPUTRTISHAL TEIRTANG

‘

(Translate note: untuk mendukung computational
thinking implies to support computational
thinking, mulai implies start).

B I U T- 8 @ @ % ¥ o x x

Answer recorder (optional) - [_ D)} Volce

(Translate note: silahkan isi data seperti nama, kelas,
dan hari/tanggal translates to Please fill in the data
such as name, class, and day/date, nama means name,
latihan/evaluasi implies exercise/evaluation).

Exercises that would be used in interactive e-module were
developed, along with practice and evaluation problems
based on the concepts, properties, and equations of
exponentials. Additionally, several questions were designed
in correspondence with CT skills, aiming to guide students in
solving provided problems, training, and enhancing CT skills.
Each problem applied the same form to meet the indicators of
decomposition, pattern recognition, and abstraction but used

a different form to meet the algorithm indicator.

Questions a and b were designed to ensure students meet
the decomposition indicator, while ¢ was to meet the pattern
recognition indicator. Subsequently, question d was
developed to meet the abstraction indicator. The last indicator,
namely algorithm, was applied to questions e and more. Table
4 presents the format of the questions for each problem.

Table 4. Form of problems and questions on the practice and evaluation pages

Problems and Questions

Information

A building contractor has built two hotels side by side, which will be named
Hotel Amalia and Hotel Waru. Hotel Amalia is planned to have 4 floors,
with each floor comprising 4 blocks. In each block, there are 4 classes of
rooms, and each consists of 4 rooms. Meanwhile, Hotel Waru is planned to
have 5 floors, each containing 5 blocks, and there are 5 rooms in each block.
Which hotel has more rooms?

Which steps must be taken before solving the problem?

What is asked of the problem?

The exercise page comprises problems that could be solved by students
using the following exponential concept.

a'"izaXaXaX...)fa

I

As many asn

There are 6 questions that lead students to solve these problems, as well as
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Problems and Questions

Information

Which ways can you use to solve these parts?

Which important information can be identified from the problem?

What are the steps to find the number of rooms at Hotel Amalia and Hotel
Waru?

Write down your steps to find which hotel has more rooms and what is the
difference in rooms?

practice and develop CT skills.

The chain length of a bacterium is known to be 8 x 10~ meter. When the
length of one bacterium is 0,4 x 10~ meter. The number of bacteria in the
chain ...

Write down what steps must be taken before solving the problem

Write down what is asked of these problems

Write down what ways you can solve these parts of the problem

Write down what important information can be identified from the problem
Write down your steps to find the number of bacteria in the bacterial chain

The exercise page comprises a problem that could be solved by students
using an exponential property, namely the operation of dividing
exponential.

There are 5 questions that lead students to solve these problems, as well as
practice and develop CT skills.

When a right triangle has an oblique side length of 2¥*2 cm and the length
of the other side is 4 cm and 22**1 cm, what is the area of the triangle ...
cm?.

Write down what steps must be taken before solving the problem

Write down what is asked of these problems

Write down what ways you can solve these parts of the problem

Write down what important information can be identified from the problem
Write down your steps to find the number of bacteria in the bacterial chain
Write down your steps to find the area of the triangle

The exercise page comprises a problem that could be solved by students
using the following exponential equation.

af(x) = af

There are 6 questions that lead students to solve these problems, as well as
practice and develop CT skills.

A plant expert examined 3 samples of mango trees. After observation, each

tree has 3 branches, each branch has 3 branches, and each branch has 3

branches. Also, each twig has 3 leaves, each leaf has 3 leaf bones, and each

leaf bone has 3 leaf fibers. What is the total number of leaf fibers in the

three mango tree samples...

Write down what steps must be taken before solving the problem

Write down what is asked of these problems

Write down what ways you can solve these parts of the problem

Write down what important information can be identified from the problem

Write down your steps to find the total leaf fibers found in each mango tree
sample

Write down your steps to find the total leaf fibers contained in the three
mango tree samples

The evaluation page comprises problems that can be solved by students
using the following exponential concepts.

a’{zaXaXaX...Xa

Asmany as n

There are 6 questions that lead students to solve these problems, as well as
practice and develop CT skills.

Siska has a vacant land with an area of 243 m?2. Siska wants to use ! the
9

vacant land for gardening. Supposing Siska wants to plant pumpkins,

carrots, and potatoes with each type of plant having 3 different seeds, what
is the area for each plant seed from each type of plant...

Write down what steps must be taken before solving the problem

Write down what is asked of these problems

Write down what ways you can solve these parts of the problem

Write down what important information can be identified from the problem

Write down your steps to find the area to be used... m?

Write down your steps to find many seedlings that you want to plant... seeds

Write down your steps to find the area for each plant seedling of each type

of plant ... 1,2

The evaluation page comprises a problem that can be solved by students
using an exponential property, namely multiplication operations and
division of exponential.

and
am X an — am+n

There are 7 questions that lead students to solve these problems, as well as
practice and develop CT skills.

Mr. Ibra prepared a puzzle out of wood in the shape of a right triangle. The

length of the beveled side of the puzzle is 22x+3

x+2 cm. The value of X that fills the length

cm. The length of the

other two sides is 8 cm and 24
of the puzzle sides...

Write down what steps must be taken before solving the problem

Write down what is asked of these problems

Write down what ways you can solve these parts of the problem

Write down what important information can be identified from the problem

Write down your steps to find the value of X that fills the length of the
puzzle sides
Write down your steps to find the area of the puzzle

The evaluation page comprises problems that can be solved by students
using one form of exponential equation, namely

af[x) = af

There are 6 questions that lead students to solve these problems, as well as
practice and develop CT skills.

After gathering all the components, interactive e-module

was developed in accordance with the previously prepared
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design by converting Canva-designed interactive e-module  concepts, properties, and equations of exponentials was
into an Android application using Flip PDF Corporate, Web ~ produced on Google Play Store. Table 5 provides
2 APK Builder, and Google Play Console. Interactive representations of interactive elements of the developed e-
e-module comprising materials and problems related to the  module.

Table 5. Representations of interactivity elements of interactive e-module

Elements in e-module

Explanation of Element Interactivity

If students click the ‘Start” button, the application will immediately switch to the first page.

GOMPUTRTIOWAL
e O

If students click the ‘back’ button, the application will immediately switch to the previous

page.
If students click the ‘next” button, the application will immediately switch to the next page.

&3 D
D €&

If students click the ‘introduction’ button, the application will immediately switch to the page
containing the introduction.

If students click the ‘learning outcomes and objectives’ button, the application will
immediately switch to the page containing the learning outcomes and objectives.

If students click the ‘concept map’ button, the application will immediately switch to the
page containing the concept map.

If students click the ‘material’ button, the application will immediately switch to the page
containing the material.

If students click the ‘evaluation’ button, the application will immediately switch to the page
containing the evaluation.

If students click the “bibliography’ button, the application will immediately switch to the
page containing the bibliography.

If students click the ‘developer biography’ button, the application will immediately switch
to the page containing the developer’s biography.

If students click the ‘home” button, the application will immediately switch to the main menu
page.

EKSPONENSIAL

Persamaan
[ ] .
Eksponensial

If students click the ‘exponential concept’ button, the application will immediately switch to
the page containing the exponential concept material.

If students click the ‘exponential properties’ button, the application will immediately switch
to the page containing the material on exponential properties.

If students click the ‘exponential equations’ button, the application will immediately switch
to the page containing the exponential equations material.

©.

»

KONSER ESPONENSIAL
oleh

WO [V

7

Mohommad Aidi Fitrisyah, SPd. |

= . -

If students click the button on the material page, the application will immediately switch to
the YouTube view and display the learning video.

T aT B e e
mengerja<an sklivitas sembelsigran lerssbul kalian bisa menskan ombel
herikut,

......

If students click the button on the learning activity or evaluation page, the application will
immediately switch to the wizer.me interface and display the learning or evaluation
activities that students can work on.

TTTET Is!:.'IJdell dKUIVITdS [J(
berikut.

Catatan:
Petunjuk mengerjakan
latihan

a@izerme

If students click the “exercise instructions’ button on the learning activity or evaluation page,
the application will immediately switch to a page containing instructions for accessing
wizer.me and completing the learning activity or evaluation.

C. Development Stage

Table 6 shows the calculation results of the validators.

At this stage, the validation process was conducted by three Tabel 6. Expert validation analysis
validators, including two mathematics education professors Aspects Average Category
and one mathematics teacher. The validators conducted the Content 88% Very Valid

. . .. Construct 92% Very Valid
validation process twice, followed by a revision based on Language 97% Very Valid
comments and suggestions. The purpose of this stage was to Total 90.8% Very Valid

assess validity of the developed interactive e-module.

1230



International Journal of Information and Education Technology, Vol. 15, No. 6, 2025

Based on the results, the average percentage of validity is  Despite the high validity, the suggestions of the validators
90.8%, signifying that interactive e-module on exponential  require several revisions. Table 7 presents the results of the
material is very valid [35]. E-Module is declared valid when  revisions to interactive e-module based on comments and
it meets validity standards for the specified aspects and is  suggestions of the validators.
considered suitable for use in the learning process [36].

Table 7. Results of e-module revision at the validation stage
Initial Design Revision Results
The instructions for use were modified to avoid multiple

interpretations.
MENU ; X
ﬂ UTAMA ‘N interpretations
i
EVALUASI SINOPSIS UTAMA
ALUR N
MENGGUNAKAN ﬂ
E-MODUL
INTERAKTIF KATA
EVALUASI ALUR PENGANTAR
MENGGUNAKAN
p PEMBELAJARAN

(Translate notes: alur menggunakan means flow using, menu utama

Changed to a form that does not give rise to multiple

! . ) : : 5 CAPAIAN & TUJUAN
means main menu, sinopsis means synopsis, tujuan pembelajaran MATERI pPEMBELAjARAN
means learning objectives, materi means material, evaluasi means
evaluation).

Each problem should have a picture or illustration of the problem.

Seorang kontraktor bangunan telah membangun dua
hotel yang berdampingan, yang akan dinamai Hotel
Amalia dan Hotel Waru. Hotel Amalia direncanakan
memiliki 4 lantai, dengan setiap lantai memiliki 4 blok.
Di setiap blok, terdapat 4 kelas kamar, dan setiap
kelas kamar terdiri dari 4 kamar. Sementara itu, Hotel
Waruv direncanakan memiliki 5 lantai, dengan setiap
lantai memuat 5 blok, dan di setiap blok terdapat 5
kamar. Hotel mana yang memiliki jumlah kamar lebih
banyak?

(Translate notes: Seorang kontraktor bangunan telah membangun dua =MW =
hotel yang berdampingan, yang akan dinamai Hotel Amalia dan Hotel
Waru. Hotel Amalia direncanakan memiliki 4 lantai, dengan setiap - -

Each problem has a picture added to describe the problem.

lantai memiliki 4 blok. Di setiap blok, terdapat 4 kelas kamar, dan
setiap kelas kamar terdiri dari 4 kamar. Sementara itu, Hotel Waru
direncanakan memiliki 5 lantai, dengan setiap lantai memuat 5 blok,
dan di setiap blok terdapat 5 kamar. Hotel mana yang memiliki jumlah
kamar lebih banyak... means A building contractor has built two hotels
adjacently, which will be named Hotel Amalia and Hotel Waru. The
Amalia Hotel is planned to have 4 floors, with each floor comprising 4
blocks. In each block, there are 4 classes of rooms, and each consists of
4 rooms. Meanwhile, Hotel Waru is planned to have 5 floors, with each
containing 5 blocks, and in each block there are 5 rooms. Which hotel
has more rooms?).

Seorang kontraktor bangunan telah membangun dua
hotel yang berdampingan, yang akan dinamai Hotel
Amalia dan Hotel Waru. Hotel Amalia direncanakan
memiliki 4 lantai, dengan setiap lantai memiliki 4 blok.
Di setiap blok, terdapat 4 kelas kamar, dan setiap
kelas kamar terdiri dari 4 kamar. Sementara itu, Hotel
Waru direncanakan memiliki 5 lantai, dengan setiap
lantai memuat 5 blok, dan di setiap blok terdapat 5
kamar. Hotel mana yang memiliki jumlah kamar lebih
banyak?

Exercise page should be changed to adjust to the problem-based
learning model selected.

LATIHAN

LATIHAN 3

Setelah kalian memahami dan mempelajari materi tentang persamaan
eksponensial. Silahkan kalian mengerjakan latihan 3 berlkut.  Untuk
mengerjakan latihan tersebut, kalian bisa mengklik tombol berikut

catatan
Petuniuk mengeriskan
latihan

=

izer e

~Selamat Mengerjakan-
“Tidak ada yang tidak mungkin jika kamu berusaha”

Exercise page is changed to Learning Activities
AKTIVITAS :3 e

PEMBELAJARAN %

Aktivitas Pembelajaran 2

Setelah kalian memahami dan mempelajar materi tentang sifat eksponensial.
Silahkan kalian berdiskusi dengan masing masing anggota kelompok untuk
mengerjakan aktivitas pembelajaran 2 berikut. Untuk mengerjakan aktivitas
pembelajaran tersebut, kalizn bisa menekan tombol berikut,

catata
Petun)
latthan

=

ozer e

~Selamat Mengerjakan-
“Tidak ada yang tidak mungkin jika kamu berusaha™
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Initial Design

Revision Results

(Translate note: latihan means excersice, setelah kalian memahami dan
mempelajari materi tentang persamaan eksponensial. Silahkan kalian
mengerjakan latihan 3 berikut. untuk mengerjakan latihan tersebut,
kalian bisa mengklik tombol berikut means After you understand and
learn the material about exponential equations. Please do the following
exercise 3. To do the exercise, you can click the following button,
catatan: petunjuk mengerjakan latihan means note: instructions for
doing exercises, selamat mengerjakan means good luck, tidak ada yang
tidak mungkin jika kamu berusaha means nothing is impossible if you

try).

(Translate note: aktivitas pembelajaran means learning activities,
setelah kalian memahami dan mempelajari materi tentang sifat
eksponensial. silahkan kalian berdiskusi dengan masing-masing
anggota kelompok untuk mengerjakan aktivitas pembelajaran 2
berikut. untuk mengerjakan aktivitas pembelajaran tersebut, kalian
bisa menekan tombol berikut means After you understand and study
the material about exponential properties. Please discuss with each
group member to do the following 2 learning activities. To do these
learning activities, you can press the following button).

Product trials were conducted on one-to-one and small-
group subjects. Students can download interactive e-module
from Google Play Store on smartphones and use it for
learning activities by logging in with the preferred full name
and password. One-to-one trials were performed with 3 grade
10 students from one high school using interactive e-module
focused on exponential material.

The purpose of this trial was to observe the thinking

process and responses of students toward the use of
interactive e-module. During the observation process,
students were found to struggle with understanding the
question in part d of each problem. This serves as feedback
for the revision of the questions, which will be tested in a
small group. Table 8 presents the results of the interactive e-
module revision at the one-to-one stage.

Table 8. Results of the revision of interactive e-module at the one-to-one stage

Before the Revision

After the Revision

Fixes for part d questions

SET POINT VALUE (1)

d. Informasi-informasi penting apa saja yang dapat
diidentifikasi dari permasalahan tersebut?

B u Ti~ 4 @ [ Y a Q %3 x* -4

Answer recorder (optional) - Voice

(Translate note: d. Informasi-informasi penting apa saja yang dapat
diidentifikasi dari permasalahan tersebut? means d. What important

information can be identified from the problem?).

d. Informasi-informasi penting apa saja yang dapat
diidentifikasi dari permasalahan tersebut yang bisa
digunakan untuk menyelesaikan masalah?

B U T~ & © E % A Q x % 4

Answer recorder (optional) - Voice

|

(Translate note: d. What important information can be identified
from the problem that can be used to solve the problem? Implies
d. What important information can be identified from the
problem?).

IVV. DISCUSSION

Six different students from the same school participated in
a small group trial to observe the learning process and
responses to the practicality of using interactive e-module.
There were no revisions or comments found during the
observation process. All students used interactive e-module
smoothly without any obstacles. Following the small group
implementation phase, a practicality questionnaire was
provided for interactive e-module. After calculating 13
statements, the practicality questionnaire produced an
average percentage result of 82.7%, showing that the

developed interactive e-module met the practical criteria [37].

Students generally provided positive feedback on the
interactive e-module developed by stating that the design was
attractive and simple to understand, leading to increased
interest in learning. Teaching materials in the form of
practical modules can be meaningful, engaging, enjoyable,
and beneficial, as well as able to foster creativity in
students [38]. There is still some confusion with one question
in interactive e-module.

Therefore, the wording used was reconsidered and the
necessary information was added to promote easier
understanding. The choice of words and the use of sentences

in e-module should be carefully considered to avoid
confusing students [39]. Several previous studies, including
the one by Setiabudi, Octaria, & Fuadiah a study in 2022 on
“Problem-Based Learning-Based e-module Design on Linear
Program Material for 11th Grade High School Students,”
provided valuable insights. Additionally, Anggreni and
Agustika conducted a study in 2022 titled “Development of
Problem-Based Learning-Based e-module on Fraction
Material for 4th Grade at SD No. 2 Sembung”.

There are several fundamental differences between the
investigations of Anggreni and Agustika. These are
evidenced by the manufactured product, e-module that has
not yet evolved into an Android application. Additionally, in
the subjects section, some investigations used XI-grade high
school and IV-grade elementary school students, but the
subjects in this study were X-grade high school students. In
the methods section, some investigations applied the Ken
Peffers design stages and development study with ADDIE
model.

However, this study used a method comprising analysis,
design, and development stages. Another significant
difference from the two previous investigations is the absence
of CT indicators in the developed e-module. This study was
limited to one school but generated valid and practical results.
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The developed interactive e-module covered material on
exponential ~ concepts, exponential  properties, and
exponential equations, with only one problem featured in
each subtopic.

V. CONCLUSION

In conclusion, the results showed that interactive e-module
developed for CT skills was highly valid and practical. The
advantage of interactive e-module was that students could
independently access the application at all times from any
location, and repeatedly watch the videos contained.
However, some features required an internet connection for
access.

The factors supporting the success of this study included
the proficiency of students in using technological devices,
such as smartphones, and the availability of accessible
internet networks in the study area. However, obstacles were
encountered due to the limited devices owned by students,
leading to errors, slow loading, or navigation difficulties
when trying to access interactive e-module.

Future studies should conduct trials with a larger number
of students to observe the effectiveness of the developed
interactive e-module during classroom learning. Additionally,
interactive e-module should be developed on other
mathematics topics, incorporating relevant problems capable
of enhancing CT skills. The development of a similar
interactive e-module as an application, accessible without an
internet connection, could be considered.

Because the developed interactive e-module is already
very valid and practical, the product can be used in classroom
learning to enhance students’ computational thinking skills
after using the interactive e-module.
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