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Abstract: The purpose of this research is to determine the feasibility, effectiveness, and
practicality of learning media in the form of an interactive e-module with the research
method used is Research and Development (R&D) with a 4D development model (Define,
Design, Develop, and Disseminate) which is modified into 3D. The instruments used
consisted of review sheets, validation, student response questionnaires, tests (pretest and
posttest). The data were obtained based on the results of interviews with chemistry teachers
and giving questionnaires to students. The results of the validation of this device got the
score of 90% for content criteria, 93% for presentation criteria, 84% for language criteria, and
100% for graphic criteria are very feasible to use. The practicality of the e-module is known
from the results of the responses of students with an average score of more than 81 % which
can be categorized as highly responding. The interactive e-module is also said to be very
effective by analyzing learning outcomes using the t-test with a significance value of 5%.
Therefore, the use of interactive e-modules on the element periodic system material can be
used as learning media in carrying out online learning activities
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Introduction

Education is one of the ways to advance and
educate humans, especially the Indonesian nation. In the
implementation of education, the use of a certain
curriculum determines the direction in educational
progress. One of them is the use of the 2013 curriculum
which is oriented towards improving skills, attitudes,
and knowledge by following per under Article 35 of Law
no. 20 of 2003 which contains graduate competencies is
the qualification of graduate abilities which includes
attitudes, knowledge, and skills by following per under
agreed national standards. So that character values can
be integrated into learning (Sholeh, 2017).

Chemistry is a science that is acquired and
developed through experimenting and seeking answers
to questions about what, why, and how natural
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phenomena can occur. Therefore, it is necessary to
master the concepts and materials and apply chemistry
in everyday life ( Rorita & Saida, 2018).

The year 2020 was shocked by the outbreak of the
coronavirus (COVID-19) which caused chaos around the
world. The COVID-19 pandemic has also had a negative
impact on the Indonesian state, starting from the social
life of the community, the economy, to education. This is
an external factor that affects teaching and learning
activities (Strielkowski, 2020). Physical limitations make
all activities limited and forced online learning. Online
learning is a form of teaching and learning activities
carried out remotely using the internet which functions
to connect students with learning resources (Kuntarto,
2017). The media used in online learning are very
diverse, some use virtual classes such as Google
classroom, Edmodo, to Whatsapp Group. There are also
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those through video conferencing such as zoom, google
meet, Microsoft Teams, and others (Kind, 2015).
However, time constraints and network quality make
online learning less effective than face-to-face learning
(Abidah et al., 2020).

SMAN 15 Surabaya is one of the schools in
Surabaya that implements online learning through
Microsoft Teams. Some students at SMAN 15 Surabaya
have difficulty understanding chemical materials, one of
which is the periodic system of elements. The material
of the periodic system of elements cannot be studied 2-3
times face to face, because there is a complex
understanding, namely the configuration of electrons
and quantum numbers (Damayanti & Dwiningsih,
2017). Therefore, the use of e-module learning media is
the right solution to solve this problem.

An electronic module (e-module) is a set of non-
printed digital learning media that are arranged
systematically and can be used independently by
students to solve problems in their way (Fausih &
Danang, 2015). E-modules have the advantages of being
practical, long durability, and lower production costs
than print modules in general (Ramadhan & Linda,
2020). E-modules have various types, one of which is
interactive. The advantage of the interactive e-module is
that it is interactive, makes it easy to navigate, and
displays images, audio, video animation and is
equipped with tests or quizzes that provide reciprocal
effects automatically (Suarsana & Mahayukti, 2013). The
interactive e-module can be used as a learning medium
in online learning activities. On an offline e-module
basis, the E-module does not have to use an internet
quota to access it, where students can download the e-
module and then operate it on a personal PC or laptop
that can be accessed anytime and anywhere.

Based on the above background, it is necessary to
conduct research with the title of interactive e-module
development on the elemental periodic system material
as an online learning medium.

Method

The type of research used is Research and
Development (R&D). The R&D method is a process for
developing a new product or perfecting an existing
product, in which all its activities can be justified
(Juilando, 2019). The development model in research
uses a 4D model that becomes 3D because the research
objective is only up to the interactive e-module trial
stage that is developed (Syarmadi, & Izzati, 2020). The
3D model itself consists of 3 stages, namely define,
design, and develop (Thiagarajan, 1976).
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At the define stage, 5 main steps are taken,
including: (1) front-end analysis, to analyze the
problems that underlie the development of interactive e-
modules; (2) student analysis (learner analysis), to
analyze the characteristics of students such as learning
abilities and skills; (3) concept analysis, by compiling the
material design of the periodic system of elements; (4)
task analysis, determining the learning indicators used
in accordance with applicable basic competencies; (5)
analysis of learning objectives (specifying instructional
objectives), to summarize the results of concept analysis
and analysis of tasks used to compile tests and design e-
modules (Thiagarajan, 1976).

The second stage designs. Activities undertaken
are the preparation of tests, media selection, format
selection, and initial design. The first step begins with
the preparation of tests based on the learning objectives
and analysis of students. Then the selection of learning
media in accordance with the defined stage, namely the
interactive e-module on the element periodic system
material, then selecting the e-module format by
designing or designing a storyboard for the product to
be developed (Izzati, 2017).

The last stage is development. This stage aims to
produce a product in the form of an interactive e-module
that is valid and suitable for use as a learning medium
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through study, validation, and development trials. The
validation process begins with creating a validation
instrument containing content and construct validation
(Izzati, 2017). The validation sheet is used to determine
the value of the product to be developed according to the
Likert scale presented in Table 1.

Tabel 1. Likert scale

Statement Score
Invalid 1
Less valid 2
Quite valid 3
Valid 4
Very valid 5
(Riduwan, 2013)

The data obtained from the validator is ordinal.
The ordinal data is qualitative data that will be assessed
by giving a score to the categories for each item (Izzati,
2017). Further analysis needs data with an interval scale,
where ordinal data must be transformed first (Waryanto
& Millafati, 2006). Data were analyzed using the Method
of Summated Ratings (MSR) to obtain a percentage of
validity with Equation 1 :
(%) Validity = 25T 3 1000 )

Max score

The percentage results obtained are interpreted into the
score criteria presented in Table 2.

Table 2. Percentage of Validity Criteria

Percentage (%) Score

0-20 Invalid
21-40 Less valid
41-60 Quite valid
61-80 Valid
81-100 Very Valid

(Riduwan, 2013)

Based on these criteria, the e-module is said to be valid
if all aspects of the percentage are = 61% (Riduwan,
2013).

Result and Discussion

The research produces an interactive e-module
in which there is a learning component consisting of
material for each sub-chapter, learning videos,
summaries, and practice questions contained at the end
of the material for each sub-chapter.

Defining

The definition stage consists of 5 main aspects,
namely front-end analysis, student analysis, concept
analysis, task analysis, and learning objectives analysis.
Starting from the font-end analysis, where online
learning activities, which are generally through virtual
classes and video conferences, have many obstacles, one

of which is an unstable connection. Analysis of students
found that some students felt bored and monotonous
when online learning took place through video
conferences. So that the interactive e-module
development was chosen which could shape the
characteristics of students to be creative and
independent in learning. The next stage is analyzing the
concepts, assignments, and learning objectives. In this
case, the element periodic system material was selected
based on the essential Basic competence (KD) of the 2013
revision of the 2020 curriculum which consists of 3 sub-
chapters, including: (1) the history of the periodic table
development, (2) electron configuration, (3) quantum
numbers. The learning objectives and learning
indicators are adjusted to the selected basic competence,
namely basic competence 3.2 with material explaining
the electron configuration and the pattern of the outer
electron configuration for each group in the periodic
table (Kemendikbud, 2020).

Design

The interactive e-module developed is in .exe
format which means it can only be accessed via Personal
Computer (PC) or Laptop. Students don't need the
internet to operate it, they only need downloading an e-
module file of 100 MB. Files will be sent via Whatsapp
group or Microsoft Teams.

E-modules are typed using the Microsoft Word
2019 application. E-modules are prepared based on the
component components of the module described in the
(Depdiknas, 2016). The main part of the e-module
consists of mapping basic competencies, instructions for
using the e-module, the content of the material, video
lessons, summaries, practice  questions, and
bibliography. Cover design and template for each page,
designed using the Corel Draw 2020 application.
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Figure 2. Cover e-module

Figure 2 displays the initial view after opening the
interactive e-module file, students are immediately
presented with an e-module cover. Then, students are
also provided the navigation buttons on the interactive
e-module page. The navigation buttons consist of zoom
in, zoom out, previous page, next page, print, search,
help, and select text.
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Figure 3. Preface

After opening the cover, students will be presented with
an opening voice "Welcome to the Class 10 Interactive
Chemistry e-module" along with the introduction as
shown in Figure 3.
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Figure 4. Basic competence mapping and table of contents

Figure 4 displays a mapping of basic competence that

contains basic competencies, indicators of competence

achievement, and learning objectives. On the next page,

a table of content that can be clicked to go to the target

page is displayed.
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Figure 5. Instructions for using the e-module

Figure 5 displays a list of figures and a list of tables that
can be clicked on to the table or image that we are going
to target. The next page displays instructions for using
the e-module, here students will be directed on how to
operate the e-module because each component in it can
be clicked and gives reciprocal effects such as buttons,
images, and learning videos.
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Figure 6. Cover of each section

Figure 6 shows the cover of the subsections
contained in each of its sections, starting from the
historical development of the periodic table, electron
configuration, and quantum numbers. Students listen to
the audio related to the material description
automatically. The indicator button and learning
objectives can also be clicked. To display the indicators
and learning objectives of the material.

EMGHIAL L T TR e R~ SR T §

Figure 7. Contents

Figure 7 displays the content of the material in detail,
accompanied by an image that can be enlarged by
clicking. Not only that, some materials also contain
audio which contains a brief explanation.
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Figure 8. Video learning

Figure 8 shows various components ranging from
instructional videos in thumbnail form, which means
that they can be enlarged to the size of the screen. Then
there is a summary of the material presented at the end
of each material. The last component is a practice
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question. Exercise questions are given to hone the
abilities of students which are packaged in the form of a
link that is connected to google form. The three
components are on the last page of each sub-chapter.
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Figure 9. Practice questions

Figure 9 displays the practice questions in the form of a
Google form that you can do and immediately get
feedback in the form of a score. Students will be given 10
multiple choice questions for each sub-chapter, which
are in accordance with the cognitive domain, namely C3
and C4 with unlimited time (BNSP, 2010).
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Figure 10. Bibliography

Figure 10. displays a bibliography of the interactive
chemistry e-module
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Figure 11. Back Cover

Figure 11. is the last page of this e-module, where there
is an e-module back cover that contains a brief
description of this interactive e-module.
Develop

The development stage begins with a product
review of the supervisor first. Then proceed with
creating a validation instrument to determine the

validity of this e-module. After the validation
instrument was prepared, then an assessment would be
carried out by the validator, namely 2 lecturers from the
chemistry department and 1 chemistry teacher at SMAN
15 Surabaya. The validation sheet contains content,
presentation, language, and graphic criteria. The final
data obtained from the three validators are presented in
table 3.

Table 3. Data Validation Results

Rating Criteria Average Category
Percentage (%)

Contents 90 Very Valid

Presentation 93 Very Valid

Language 84 Very Valid

Graphics 100 Very Valid

The data from Table 3 are broken down according
to the categories of the validation instrument, starting
from the content criteria which get a percentage of 90%,
the presentation criteria of 93%, the linguistic criteria
with the lowest score of 83%, and the criteria for the
graphics with the highest score of 100%. From these
data, it can be concluded that this learning media is valid
with a score 2 of 61 for each criterion and the suitability
of the material with competence standards and basic
competence(Herawati & Muhtadi, 2018).

The next stage is to conduct trials on students to
know the practicality and effectiveness of this interactive
e-module. The practicality of the interactive e-module
can be measured through a questionnaire on the
responses and activities of students. Response
questionnaires were given to 20 students who had tried
using the interactive e-module. The students' activities
were observed by 3 chemistry students through
Microsoft Teams. Student response results data are
presented in Table 4.

Table 4. Student Response Questionnaire Results

Criteria Percentage (%) Category

Contents 96 very responsive
Presentation 98 very responsive
Language 100 very responsive
Graphics 100 very responsive

Based on the results of the students' responses,
each criterion got a score of more than 81% which can be
categorized as highly responding. It can be stated that
the interactive e-module has fulfilled the criteria for
practicality (Herawati & Muhtadi, 2018).

The next step is to test the effectiveness of the
interactive e-module by conducting a pretest and
posttest with a total of 25 questions. Among them, 10
questions are on the history of the development of the
periodic table, 10 questions on the electron configuration
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sub-material, and 5 questions on the quantum number
sub-material. The questions given have cognitive
dimensions C3 and C4 with a multiple choice question
model (Herawati & Muhtadi, 2018). The pretest is given
before students receive the e-module whereas the
posttest is given to the students who had used the e-
module. The form of posttest is practice questions listed
at the end of the material for each sub-chapter.
Measurement of student learning outcomes begins with
a normality test which aims to determine the
distribution of data on the pretest and posttest scores
(Hulu & SInaga, 2019).

Table 5. Normality Test Results

Kolmogorov- Shapiro-Wilk

Smirnov2

Stat df Sig. Stat df Sig.
Pre 148 20 200" .960 20 537

Post 165 20 156 963 20 .608

Based on Table 5, it is known that the significant
value for the pretest is 0.537 The sig value for the post-
test of 0.608. It can be said that the pretest and posttest
values are normally distributed in the Shapiro-Wilk test
with a sig value > 0.05. After knowing the results of the
normality test, the t-test can be continued with the aim
of knowing the significant difference between the results
of the pretest and posttest values presented in Tabel 6
(Hulu & SInaga, 2019).

Table 6. t Test

Paired Differences t if Sig
Mean  Std. Std. 95%

Dev Error Low  Up
-36.4 12.1 2.7 -42 -30.7 -134 19 .000

Based on Table 6 the above t-test, it is obtained a
significance value (2-tailed) <0.05/ It means that HO is
rejected and Ha is accepted. HO stated that there was no
significant difference between pretest and posttest.
Meanwhile, Ha stated that there was a significant
difference between the pretest and posttest. Based on the
results of the t-test analysis, the interactive e-module on
the elemental periodic system material can be said very
effective in improving the quality of online learning
(Herawati & Muhtadi, 2018).

Conclusion

Based on the results of research and data analysis,
it can be concluded that this interactive e-module can be
developed by referring to the 4D research model
(Define, Design, Develop, and Disseminate). This
interactive e-module can be said to be very feasible in
terms of the validity score with each obtaining a score of

90% for content criteria, 93% for presentation criteria,
84% for language criteria, and 100% for graphic criteria.
This interactive E-module is very practical to use, this is
evidenced by the results of student responses, each
criterion gets a score of > 81% which can be categorized
as highly responding. The interactive e-module also
fulfills the effectiveness criteria assessed from the
analysis of the t-test results for the increase in score gain,
with a significance value (2-tailed) of 0.000 <0.05
(Herawati & Muhtadi, 2018). Therefore the interactive e-
module on the element periodic system material is very
effective as a learning medium for online learning
activities.
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