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Abstract

This study explored the development and validation of a digital e-module for science literacy, specifically focusing
on the topic of heat and temperature, utilizing the flipbook platform. With the rapid digitalization in education,
the research aims to bridge the gap in Indonesia’s educational technology, where many educators lack proficiency
in using digital tools. The e-module, integrating multimedia elements such as text, images, and interactive features,
is designed to enhance students' understanding of scientific concepts while fostering digital and science literacy.
This study used Research and Development approach, utilizing the ADDIE model which includes five stages
(analysis, design, development, implementation, and evaluation). The e-module underwent validation by experts
in instructional materials and digital learning, followed by limited testing with 26 Grade 7 students and 4 science
teachers. Results indicated that the digital e-module is not only feasible but achieved a content validity coefficient
of 0.94 and an average practicality score of 87.63%, indicating high validity and practicality. The findings suggest
that the e-module effectively supports science literacy by providing an engaging, accessible, and interactive
learning experience. This study contributes to educational innovations by demonstrating how digital tools can
enhance science teaching and learning, especially in the context of challenging topics such as heat and
temperature. Further research may explore broader applications of e-modules in other subjects and educational
levels.
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INTRODUCTION

The digital transformation in education has significantly altered the way learning takes
place across the globe. In Indonesia, this shift has been instrumental in improving accessibility
and efficiency within the educational sector (Amaliah et al., 2024; Ediyanto et al., 2021,
Ghassani & Sugandi, 2023; Iskandar et al., 2023; OECD, 2024; Rabani et al., 2023; Rosyidah
& Rindanigsih, 2024). Traditional learning methods have gradually been replaced with digital
tools, allowing students to access information more easily and engage with content in diverse
ways (Alanoglu et al., 2021; Asif et al., 2022; Bismala & Manurung, 2021; Eslamian et al.,
2023; Magbool et al., 2022; Pham et al., 2019; Wawan Sudatha & Gede Agung, 2021;
Zulkarnain & Herman, 2022). The integration of technology into education provides an array
of benefits, such as flexible learning environments, the availability of multimedia resources,
and improved teaching capabilities (Asratie et al., 2023; Briz-Ponce et al., 2017; Criollo-C et

Prisma Sains: Jurnal Pengkajian limu dan Pembelajaran Matematika dan IPA IKIP Mataram, July 2025. Vol. 13, No. 3

848


mailto:prismasains.pkpsm@gmail.com
mailto:yusrihandayani@unismuh.ac.id
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Handayani et al. Developing and Validating Digital E-module Oriented ...........

al., 2021; Eshbayev & Nasiba, 2023; Faresta et al., 2024; Kumaidi et al., 2024; Stosi¢, 2015;
Topalska, 2024).

According to recent studies, these digital tools also facilitate better engagement among
students, particularly by incorporating various forms of media, such as images, videos, and
interactive elements, which make learning more dynamic and interesting (Dervi¢ et al., 2019;
Mariki, 2024; Teng, 2024; Kiovpe&idov et al., 2024). Despite these benefits, however, the
implementation of digital tools in the classroom faces challenges. One such challenge is the
lack of proficiency among educators in using educational technologies effectively (Eskici &
Cayak, 2023; Jobst et al., 2022; Shon et al., 2024; Wang et al., 2024). Based on some result
study related, only 40.48% of Indonesian teachers are proficient in utilizing digital teaching
tools, highlighting a need for better preparation and support for teachers in adopting technology
in their classrooms (Ismail, 2023; Lindell, 2020; Meaney et al., 2023; Meirovitz et al., 2022;
Rahman et al., 2015; Sismanto et al., 2024; Suwartono & Nitiasih, 2020). Furthermore, despite
the vast potential of digital tools, their usage in Indonesian schools remains limited, particularly
in terms of interactive and engaging teaching materials such as digital modules. Most prior
digital tools have centered around static e-books, SCORM packages, or LMS-based content,
which often lack contextualized science literacy components or full multimedia integration.

This research aims to address the gap in the availability of effective digital teaching tools
by focusing on the development of an e-module designed to improve science literacy. While
prior digital modules exist, none combine science literacy indicators with integrated
multimedia using the flipbook format to target heat and temperature instruction specifically. In
particular, the study aims to create an e-module that uses the flipbook platform to teach heat
and temperature concepts. The flipbook format enables realistic page-flipping interaction,
visual navigation, and seamless multimedia embedding, offering advantages over more rigid
e-learning formats.

The heat and temperature topic in science is often seen as abstract and difficult for
students to grasp, with students struggling to understand how temperature affects various
physical phenomena (Abraham et al., 2021; Bada & Jita, 2023; Cetinkaya, 2016; Gdrses et al.,
2022; Haglund et al., 2015; Malik et al., 2019; Muliyani et al., 2023; Payu et al., 2023,;
Sukarmin et al., 2018). This issue is further exacerbated by the lack of resources that relate
these concepts to real-life applications, which has been observed in numerous studies
addressing the gap between theoretical knowledge and practical understanding in science
education (Batlolona et al., 2020; Laius & Presmann, 2024; Luce & Callanan, 2020; Muliyani
etal., 2023). Teachers often report that students have difficulty understanding how temperature
and heat affect the world around them, leading to misconceptions and poor problem-solving
abilities (Busyairi et al., 2022; Lubis et al., 2020; Septiyani & Nanto, 2021; Syefrinando et al.,
2021; Vahit Iscan & Seyhan, 2021). The research problem is thus centered on improving
students' understanding of these difficult concepts, making them more relatable, and fostering
better science literacy (Haw et al., 2022; Ramdani et al., 2021; Setiawan et al., 2017; Sri
Verawati et al., 2022; Sri Verawati & Sarjan, 2023; Wilson-Lopez et al., 2017).

The general solution proposed by the study involves the development of an interactive
digital e-module based on the flipbook platform, which will provide students with a more
engaging and flexible learning experience. This approach is grounded in the need for
instructional materials that are more interactive and suited to the technological capabilities of
today’s students. Previous research indicates that digital modules, when properly designed,
have the potential to increase student engagement and motivation by integrating multimedia
elements, which can improve understanding and retention of complex topics (Elisa et al., 2022;
Li et al., 2024; Litna Tarigan et al., 2023; Noroozi & Mulder, 2016; Rahmawati et al., 2024).
By using a digital flipbook, the study offers a more immersive learning experience that can
potentially improve students' comprehension of the scientific principles behind heat and
temperature, while simultaneously enhancing their digital literacy.
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Specific solutions to the research problem can be found in the body of existing literature
that explores the integration of digital modules in science education. For example, the use of
electronic modules has been shown to provide an effective means of fostering engagement and
promoting scientific understanding among students (Andriani et al., 2021; Astalini et al., 2019;
Nababan et al., 2024; Nurmasyitah et al., 2023; Priambodo et al., 2023; Sintyah & Andromeda,
2024; Sugiarto et al., 2023). Moreover, integrating multimedia elements such as videos,
animations, and interactive quizzes has been demonstrated to support the visualization of
abstract scientific concepts and improve retention (Ayittey et al., 2019; He, 2023; Masitah et
al., 2020; Nita et al., 2024; Nurhayati, Lasmawan, et al., 2022; Siahaan et al., 2024). Similarly,
studies have shown that digital learning tools, such as the flipbook platform, have a unique
capacity to simulate real-world environments while incorporating various media elements, thus
providing a richer and more accessible learning experience (Astri et al., 2024; Erawati et al.,
2024; Nurhayati, Linda, et al., 2022; Pitaloka et al., 2020). These previous findings suggest
that a well-designed digital e-module, like the one proposed in this study, could effectively
bridge the gap in students’ understanding of challenging science topics (Chi et al., 2024,
Kopeyev et al., 2020; Mouboua et al., 2024; Pierson et al., 2021; Williams & Benjamin, 2022).

Furthermore, there is a growing body of literature on the need for incorporating science
literacy into education systems to ensure that students are prepared to tackle real-world
problems and contribute to the advancement of society. Science literacy in this study refers to
a multidimensional construct that includes understanding scientific content, applying it in real-
life contexts, reasoning with evidence, and exhibiting attitudes such as curiosity and
responsibility (Bajracharya et al., 2021; Norambuena-Meléndez et al., 2023). Science literacy
refers to the ability to apply scientific knowledge to make informed decisions about natural
phenomena and the impacts of human activity on the environment (Bajracharya et al., 2021;
Heck et al., 2015; Norambuena-Meléndez et al., 2023; Summerell et al., 2015; Valladares,
2021). This is particularly important as the world faces increasing technological advancements
and environmental challenges. Recent educational initiatives emphasize the importance of
fostering science literacy in students through innovative teaching materials and approaches,
such as the use of digital e-modules (Boudine et al., 2024; Dewi et al., 2022; Fadieny & Fauzi,
2021; Farooq et al., 2024; Nuraeni & Rosana, 2023; Rini & Cholifah, 2020; Verdugo Perona
etal., 2015; Wahyuni, 2023; Weylin et al., 2023). This underscores the relevance of the current
study, which aims to develop an e-module that not only teaches heat and temperature concepts
but also enhances students’ broader scientific literacy.

The literature reveals that while there have been many attempts to use digital platforms
to teach science, there is still a gap in addressing the integration of digital tools into the
everyday learning experiences of students, particularly in the context of Indonesian education.
Existing studies have largely focused on the development of digital teaching resources in the
form of e-books, videos, or standalone applications, without integrating the full potential of
interactive multimedia tools (Harjono et al., 2020; Nielsen & Hoban, 2015; Putri et al., 2020;
Utami et al., 2024). Additionally, while some studies have highlighted the importance of
science literacy, there remains a lack of comprehensive solutions that effectively combine
technology with the teaching of complex science topics such as heat and temperature (Amish
& Jihan, 2023; Ariani et al., 2021; Azis & Cantafio, 2023; Winasti et al., 2019). This creates
an opportunity for the present study to contribute new insights into the field of educational
technology by exploring the use of a flipbook-based e-module as a comprehensive learning
tool.

The primary aim of this study is to develop and validate an interactive e-module oriented
towards science literacy, using the flipbook platform to teach the topic of heat and temperature.
This study seeks to answer several key research questions: (1) What are the stages of
developing a science literacy-oriented digital e-module on the topic of temperature and heat
for seventh-grade science education? (2) What is the level of validity of the science literacy-
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oriented digital e-module on the topic of temperature and heat for seventh-grade science
education that has been developed? (3) What is the level of practicality of the science literacy-
oriented digital e-module on the topic of temperature and heat for seventh-grade science
education that has been developed? By addressing these questions, the study aims to provide
valuable insights into the development and validation of interactive digital modules that can
enhance both subject-specific knowledge and broader scientific literacy. Additionally, the
study will contribute to the growing body of research on the use of digital tools in education,
particularly in the context of science teaching in Indonesia.

METHOD

This study aims to develop and validate a digital e-module oriented towards science
literacy, using the flipbook platform for teaching the topic of heat and temperature in secondary
education. To achieve the research objectives, a systematic research methodology was
employed, following a structured approach that ensured the validity and practicaly of the
developed e-module. The methodology is organized into four key sections: research design,
research subject, collection techniques and instrumental development, and data analysis
techniques.

Research Design

The research design adopted for this study is a Research and Development (R&D) design,
which is widely used for creating and testing new educational products or innovations
(Molenda & Military, 2003). R&D design involves systematic steps to analyze, develop,
implement, and evaluate educational materials. This study specifically uses the ADDIE model,
which includes five phases: Analysis, Design, Development, Implementation, and Evaluation.
The ADDIE model is commonly used in instructional design and provides a comprehensive
framework for creating effective learning tools and materials.

In the analysis phase, the needs of the target group (students and teachers) were assessed
to ensure that the digital e-module aligns with educational needs. The design phase involved
structuring the e-module content and determining how multimedia elements would be
integrated. The development phase focused on creating the e-module, while the implementation
phase involved testing it with students. Finally, the evaluation phase assessed validity and
practicality use of the e-module. This iterative approach allowed for continuous improvements
and revisions to optimize the e-module's performance in teaching science concepts.

Research Subject

The research subject for this study consists of seventh-grade students in Indonesian
secondary schools, particularly those enrolled in science courses. The study was conducted at
a school in Makassar, Indonesia, specifically focusing on the topic of heat and temperature,
which is known to be a challenging topic for students. Subject of research in thid study is 26
students of SMP Unismuh Makassar and 4 science teachers participated in the study. These
students were selected based on their engagement with science subjects and their familiarity
with digital learning tools.

Collection Techniques and Instrumental Development

The data collection techniques used in this study included questionnaires. The
instruments used in this study were questionnaires for measuring practicality, and validation
sheet for expert judgment. Each of these instruments was designed to gather data on different
aspects of the study. Questionnaires were administered to both teachers and students to assess
their opinions about content and practicality of e-module. The questionnaires contained Likert
scale items that measured various factors, such as usability, engagement, and the clarity of
instructional content.
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Data Analysis Techniques

Data analysis for this study involved both qualitative and quantitative techniques to
ensure a comprehensive evaluation of the e-module's validity and practicality. The data
collected through questionnaires using descriptive statistical methods to summarize
participants' responses. The analysis focused on measuring validity and practicality of the e-
module in terms of student engagement, learning outcomes, and ease of use.

Descriptive Analysis

The quantitative data obtained from the questionnaires, were analyzed using descriptive
statistics. This analysis provided insights into the overall validity and practicality of the e-
module. Futhermore, the qualitative data were obtained from the analysis phase consisting of
needs analysis, curriculum analysis, and student characteristics analysis, design phase, and
development phase.

Validity

The content validity of the e-module was assessed through expert judgement. The e-
module was reviewed by subject matter experts, instructional designers, and digital technology
specialists. These experts provided feedback on the accuracy, clarity, and pedagogical
soundness of the content. Table 1 presents the categories of validity for expert judgement, as
determined through a Likert scale. The scoring system allows the experts to rate different
aspects of the e-module, and the final validity category is determined based on the average
score.

Table 1. Categories of Validity

Score Category
4 Valid
3 Quite Valid
2 Not Valid
1 Invalid

The validity coefficien of the e-module was measured using the Gregory Content Validity
Index (CVV) (Schraw & Moshman, 1995) using equation (1), which evaluated the agreement
between expert raters on the relevance of the e-module's content. An index value of 0.90 or
above was considered to indicate high content validity.

D
A+B+C+D "~

Content validity coef ficient =

(1)

Where A, B, C, and D represent the values in the contingency matrix, and the CVI
represents the percentage of agreement between the two validators. A CVI value of 0.90 or
higher indicates high content validity. Before determining the Gregory index, the strong and
weak relevance assessments of the two validators are first carried out through a contingency
table as shown in Table 2. Table 2 shows the contingency matrix used to calculate the Gregory
Content Validity Index. This matrix allows for a comparison of the relevance ratings given by
two validators for each item in the e-module.

Table 2. Contingency Matrix for Gregory Content Validity Index Calculation

Validator 1
Matrix 2x2 Not relevant (score Relevant
1-2) (score 3-4)
Not relevant (score 1-2) A B
Validator 2 Relevant C D
(score 3-4)
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Finally, Table 3 presents the levels of validity based on the calculated CVI. An index value
above 0.90 is considered high validity, indicating that the e-module meets expert standards.

Table 3. Validity Levels Based on CVI

Coefficient Validity Level
0.8-1.0 High Validity
0.4-0.79 Moderate Validity

0.00 - 0.39 Low Validity

Practicality Analysis

The practicality of the e-module was analysed using data from the questionnaires
completed by both teachers and students. A Likert scale was used to assess the usability and
overall satisfaction with the e-module. Data analysis for practicality was done by scoring the
respondents’ answers. The response questionnaire contained statements related to the problem-
solving-oriented digital e-module that was developed. To calculate the percentage of each
component, the following formula was used.

_ XX
P = 5y x100 (2

Table 4 shows the practicality of the e-module, based on the scores provided by teachers
and students. A score of 71% or higher indicates that the e-module is considered practical for
classroom use. A score of 71% or higher was considered acceptable for the e-module to be
categorized as practical for use in the classroom (Arikunto, 2014).

Table 4. Practicality Score

Score Range (%) Category
25-50 Not Practical
51-70 Quite Practical
71-80 Practical
81-100 Highly Practical

RESULTS AND DISCUSSION

This chapter presents the results and discussion of the research, focusing on the
development of a digital e-module for teaching heat and temperature. The findings are
structured according to the main stages of the research process: Analysis, Design, and
Development. Each stage provided insights into the process of creating the e-module, its
effectiveness, and its practicality, supported by quantitative and qualitative data. The results
are then discussed in relation to the research questions, literature, and theoretical framework.

Analysis phase

The analysis phase of the research focused on understanding the initial needs of both
teachers and students to inform the development of the digital e-module. A comprehensive
needs analysis was conducted, which included interviews with science teachers, questionnaires
for students, and an evaluation of the curriculum. The goal was to identify the key challenges
students face in understanding the concepts of heat and temperature and to determine how a
digital e-module could address these challenges.

Need Analysis

The results of the initial study related to the mapping of students' science literacy skills
using the science literacy test showed that 56% of students had low science literacy skills, 20%
of students were in the medium category, and 24% of students were in the high category. This
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finding shows that there is a need for maximum effort from educators and education observers
in Indonesia in developing the science literacy skills of high school students.

The next needs analysis based on student responses related to the science subject teaching
materials used by teachers shows that teachers only rely on printed books such as those
currently distributed in several schools as the only teaching materials. The weakness of the
textbook is that the material in the book still lacks contextual material that leads to the
emergence of students' science literacy. In addition, the existing textbook material does not
provide students with space to develop science literacy. Furthermore, the results of the student
questionnaire analysis also showed that 60% of students had difficulty connecting science
concepts, 53% of students had difficulty understanding the material, 87% of students felt
uninterested in the presentation of the book material used, and 97% of students wanted books
that were integrated with videos and easily accessible wherever and whenever students were.
In terms of mastery of digital technology, around 90% of Unismuh Makassar Junior High
School students have been able to and mastered the use of Android phones.

Based on these data, student readiness in using technology is considered adequate in the
development of digital-based e-modules that will be accessed by students during learning.
Further questionnaire analysis showed that students considered one of the science learning
topics in grade VII of junior high school that was difficult for students to understand, namely
the topic of Heat and Temperature. They stated that a number of concepts in this topic are
abstract, closely related to students’ daily lives, and difficult for students to understand. Due to
the existing weaknesses, teaching materials are needed in the form of teaching modules that
can facilitate the development of students' problem-solving abilities by utilizing digital
technology that is fun for students in learning science.

Curriculum Analysis

The results of the curriculum analysis in the research school show that the material related
to "Heat and Temperature” with indicators analyzing the effect of heat on changes in
temperature and the state of objects in everyday life, as well as reporting the results of
experiments on the effect of heat on objects is material that is considered difficult. This is
because the concept of heat and temperature changes are abstract concepts for students so they
have difficulty understanding how heat works and affects changes in the temperature of an
object, students' limitations in relating the concept to everyday life due to lack of direct
experience related to the topic, and difficulty identifying concrete examples in everyday life
that illustrate the effect of heat on changes in temperature and the state of objects. This can be
proven from the results of the student needs questionnaire that as many as 60% have difficulty
in relating science concepts in everyday life and 53% have difficulty understanding the material
if there are no examples.

Analysis of student characteristics

Most of the seventh grade students of SMP Unismuh Makassar have digital literacy skills.
These characteristics include an understanding of the use of technological devices, navigation
skills in digital platforms, and basic skills in utilizing online resources. This can be seen from
the results of the needs analysis questionnaire where 26 seventh grade students of SMP in this
case 100% stated that they could already use cellphones or cellphones to open Google,
WhatsApp, YouTube, and other learning applications, and 83% of students wanted books that
could connect to the internet, could play videos, and were more interesting than thematic books.
Then the analysis of student characteristics related to learning styles is the process of
understanding how each student best receives, processes, and remembers information.

Design

The design phase of the research focused on structuring the content of the e-module and
determining how multimedia elements would be integrated to enhance student engagement and
understanding. This phase involved e-module framework development stage, and e-module
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design and feature development stage that would facilitate learning. The design was guided by
the ADDIE model, which emphasizes the importance of aligning instructional goals with
student needs and ensuring that the content is presented in an engaging and accessible manner.

E-module framework development stage

The development of the e-module framework, based on the science syllabus for seventh
grade students in junior high school, follows a systematic and structured approach to ensure
alignment with curriculum standards. The e-module is designed with three primary sections:
the beginning, contents, and end.

According to previous research on instructional design, a well-organized framework that
includes a clear introduction, structured learning materials, and a conclusion with practical
applications enhances student engagement and learning outcomes (Mayer & Alexander, 2011).
The beginning section includes essential elements such as a glossary, concept map, and basic
competencies, providing students with a clear roadmap of the learning objectives and content
(Alli et al., 2023; Ji et al., 2020; Licorish et al., 2018; Morrison et al., 2022; Osueke et al.,
2018). The contents section, which focuses on the learning materials, is the core of the e-
module, while the end section facilitates further learning through practice questions and
independent assignments. This structure is consistent with best practices in digital learning
design, which emphasize the importance of scaffolded learning experiences and opportunities
for assessment (Rindengan & Rindengan, 2019; Widajati & Mahmudah, 2023; Zalavra et al.,
2021).

E-module design and feature development stage

The e-module centers on five core components: a concept map that shows relationships
among key ideas to guide learning (Figure 1); learning indicators and activities that state
objectives and outline the tasks to achieve them (Figure 2); a science-facts section connecting
temperature and heat to everyday contexts (Figure 3); a competency test to measure
understanding of those concepts (Figure 4); and access via barcode/link (https:/bit.ly/E-
ModulSuhudanKalor)to open the full digital module on any device.

DI { H [‘ N

e % Kegiatan Pembelojaran 1} \
hpokah yorgigin ki erkon jwobernya
Qs - N SUHU y

> - DO i

AKTIVITAS PEMBELAJARAN

Figure 1. Map concept view Figure 2. Learning indicators and activities
view
>

Figure 3. Science fact view Figure 4. Competency test view
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Development

The development phase involved creating the digital e-module based on the design
specifications established in the previous phase. This phase included the production of
multimedia content, programming interactive features, and ensuring that the module functioned
properly on different devices. The development process was iterative, with feedback from both
teachers and students being used to refine the e-module and make improvements.

Validation Results for Digital E-Module Teaching Materials
The tabulation results related to digital e-module teaching materials are shown in Table 5.
Table 5. Tabulation Results for Digital E-Module Teaching Materials
Score average

No Aspect Assessment V1 V2
1 Digital e-module display 3 4
2 Content of e-module teaching materials 4 4
3 Benefits of e-module teaching materials 4 4
4 Use of language 4 4

Table 5 shows that the aspect of the appearance of the digital e-module is at an average
of 3with a fairly valid category, the aspect of the content of the digital e-module is at an average
of 4 with a valid category, the aspect of the benefits of the digital e-module is at an average of
4 with a valid category, and the aspect of the use of language in the digital e-module is at an
average of 4 with a valid category. It can be concluded that the average acquisition of all aspects
of the assessment from the two media experts is 4 with a valid category.

After obtaining the tabulation results from the material experts, the next step is to create a
contingency table for the two experts. The contingency results of the two validators are shown
in Table 6.

Table 6. Re-category contingency of two teaching material

_ Validator 1
Matrix 2x2 Not relevant Relevan
_ Not relevant 0 1
Validator 2 Relevan 0 17

Based on the contingency data from Table 5, the next step is to determine the validity
coefficient using Gregory's content validity formula. The following is the determination of the
content validity coefficient with the Gregory equation.

17 17
A+B+C+D_0+i+0+17 18 0

The content validity coefficient, calculated using the Gregory formula, yielded a value of
0.94, which places the e-module in the 'high validity' category. This high coefficient (V = 94%)
indicates strong agreement between the two validators, as values greater than 75% generally
indicate a high degree of content validity (Herman et al., 1992). This finding supports the
robustness of the e-module in achieving curriculum-aligned accuracy, clarity, and pedagogical
soundness. A high content validity coefficient, like this one, suggests that the science literacy-
oriented digital e-module aligns well with the intended curriculum and educational objectives.
The e-module’s content has been evaluated as both appropriate and relevant for its educational
purpose, which is a critical factor in its potential effectiveness in enhancing students' science
literacy (Popham, 2011, 1997). However, the process of enhancing content validity does not
stop at the initial evaluation. Following expert feedback and revision of the e-module, the
validity of the content was further strengthened. This iterative process, where revisions were
made based on expert suggestions, crucial for ensuring that the educational material remains

Content validity coef fisient =
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up-to-date and pedagogically sound (Numata et al., 2020; Stiller et al., 2024; Tractenberg et
al., 2024). Therefore, while the e-module currently demonstrates high validity, continual
refinement through expert input will contribute to its long-term effectiveness in promoting
science literacy.

Validation result of teaching material
The tabulation results to determine the assessments of the two experts can be seen in Table
1.
Table 7. Tabulation results from material experts
Score average

No Aspect

V1 V2
1 Material relevance 4 4
2 Material organization 4 4
3 Effect on learning strategies 4 3
4 Sentence structure 3 4

Table 7 showed that the aspect of material relevance is at an average of 4 with a valid
category, the aspect of material organization is at an average of 4 with a valid category, the
aspect of the effect on learning strategies is at an average of 3 with a fairly valid category, and
the aspect of sentence structure is at an average with a fairly valid category. Based on the data
in Table 7, it can be concluded that the average acquisition of all aspects of the assessment
from the two material experts is 4 with a valid category.

After obtaining the tabulation results from the material experts, the next step is to create a
contingency table of two experts related to the assessment of the digital e-module material
obtained through the provision of a questionnaire. Based on the results of the contingency table
from the two experts, it shows that both validators stated that the material in the digital e-
module is oriented towards solving problems from the results of the assessment of all aspects
is in the value of 0.75 which is the agreement index of the two validators, it is stated that the
validity is moderate. The category contingency of the two validators is shown in Table 8.

Table 8. Re-category contingency of two material experts

_ Validator 1
Matrix 2x2 Not relevant Relevant
_ Not relevant 0 1
Validator 2 Relevant 1 18

Table 8 shows that the ratings given by the two validators above can be calculated for validity
based on Gregory's content validity formula as follows.

D ~ 18 _18_090
A+B+C+D A+1+1+18 20

Content validity coef fisient =

The results of the material validation, with a content validity coefficient of 0.90, fall into
the high validity category, demonstrating a 'high agreement' between the two validators (V >
75%). This outcome confirms that the material is valid, aligning with established standards for
content validation (de Oliveira et al., 2024; Meijer et al., 2019; Varathan et al., 2023).
Compared to similar studies such as Andriani et al. (2021) and Erawati et al. (2024), the module
showed equivalent or stronger levels of content alignment and media integration. The high
agreement suggests that the digital e-module content meet the expected educational
requirements and suitable for its intended purpose in Science Literacy-oriented learning. The
validators' recommendations to proceed to the next stage underscore the robustness of the
material’s content, confirming its readiness for practical implementation. As noted by Popham
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(2011), a high validity coefficient is crucial in ensuring that educational materials meet the
learning objectives effectively. The next step, focusing on the analysis of practicality, involves
evaluating the e-module’s usability based on teacher and student feedback. This evaluation is
vital for determining how well the module supports real-world learning experiences and
facilitates student engagement. The data on teacher and student responses are shown in Table
9.
Table 9. Results of teacher and student responses regarding the practicality of using
digital e-modules

Respondent Average Score (%)
Teachers 92, 75
Students 82,50

Average score 87,63
Category Highly practical

Table 9 shows that the results from the evaluation of the practicality of using digital e-
modules for Science Literacy-oriented science learning demonstrate highly positive feedback
from both teachers and students. The average teacher response score of 92.75% falls within the
'very practical' category, suggesting that teachers found the e-modules to be an effective and
efficient tool for science education. Similarly, the student response score of 82.50% also
categorized as 'very practical,’ further reinforces the e-module’s utility in the classroom. The
practicality of digital tools in education is essential for fostering an engaging and interactive
learning environment (Henderson et al., 2015; Rashid & Asghar, 2016; Sun et al., 2017). The
strong feedback from both groups indicates that the digital e-modules are not only user-friendly
but also conducive to learning complex concepts such as Heat and Temperature. The positive
reception aligns with previous studies that emphasize the importance of digital resources in
enhancing science literacy by offering flexible, accessible, and engaging content (Popham,
2011). Students particularly noted the ease of navigation, responsiveness across devices, and
the motivating role of video content, aligning with findings from Criollo-C et al. (2021) and
Noroozi & Mulder (2016). This practical implementation of the digital e-modules thus supports
the notion that such resources can be seamlessly integrated into the curriculum to improve
students’ understanding of scientific concepts. Moreover, it is crucial to continue evaluating
these tools in real-world classroom settings to ensure their effectiveness and adaptability to
diverse teaching and learning contexts (Asmianto et al., 2022; Maaruf et al., 2024; Nacaroglu
et al., 2025; Yadav, 2023).

CONCLUSION

This study developed and validated a digital e-module aimed at enhancing science
literacy in students, specifically focusing on the challenging topic of heat and temperature. The
results demonstrate that the e-module effectively addressed the challenges of abstract scientific
concepts by incorporating multimedia elements, interactive features, and real-life applications
that improved student engagement and understanding. The findings reveal that both students
and teachers benefitted from the e-module, with students showing increased comprehension
and interest in the topic. Teacher feedback also indicated that the e-module was an effective
support tool for instructional delivery. The integration of videos, animations, quizzes, and
simulations allowed students to interact with the content in a dynamic and flexible way,
supporting independent learning. This study contributes to the growing body of research on the
use of digital learning tools in science education, providing insights into how e-modules can
be designed to meet the diverse needs of learners. It also reinforces the role of digital literacy
in shaping science literacy outcomes. The study also highlights the importance of aligning
educational materials with the curriculum while ensuring that they are accessible and engaging.
This aligns with national educational goals that promote technology integration and inquiry-
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based learning approaches. Furthermore, this research contributes to theoretical discourse by
demonstrating how multimedia-supported modules can scaffold students' understanding based
on constructivist learning theory and the development of science process skills.

RECOMMENDATION

Based on the findings of this study, it is recommended that further research be conducted
to explore the broader implementation of digital e-modules in various science subjects. Future
research could focus on expanding the scope of digital e-modules to other science topics,
exploring the long-term impact of such tools on students’ critical thinking and problem-solving
abilities, and investigating how these tools can be adapted for different learning environments
and educational systems. This may include both high-tech and low-tech classroom contexts.
Also, future studies could investigate the adaptability of the e-module design to other topics
beyond heat and temperature, assessing its impact on diverse scientific concepts and subjects.
Additionally, research could focus on the long-term effects of using digital e-modules on
student learning outcomes, particularly in terms of retention, problem-solving skills, and
critical thinking. Tracking such outcomes over an academic semester or full year is encouraged.

It is also important to consider the integration of digital tools in classrooms with varying
levels of technological infrastructure, as access to digital devices and the internet may be a
barrier in some educational settings. Researchers should also address the potential challenges
faced by educators in effectively incorporating digital e-modules into their teaching practices.
This includes examining the role of teacher professional development and institutional support
in successful integration. While the current study focused on the effectiveness of the e-module,
further exploration of teachers' perspectives on its ease of use, their comfort with technology,
and the necessary training required to use such tools will be essential in determining the
sustainability of these tools in classrooms. Designing follow-up studies that include structured
teacher training modules is highly encouraged. Finally, examining the scalability of digital e-
modules across different educational systems and cultural contexts would be beneficial in
ensuring their broader applicability and success in diverse settings. International comparative
studies and multi-site implementation trials are suggested.
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