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Abstract. E-modules on temperature and heat material have been developed in several studies,
but there are still problems. The problem is that it does not facilitate students to practice science
literacy skills so it is still relatively low. This research aims to minimize these problems by
developing e-modules based on socio-scientific issues to improve students' science literacy skills
in temperature and heat materials. The method used is Research and Development with a 4D
development design consisting of 4 main stages, namely: Define, Design, Develop and
Disseminate. This research is limited to the Develop stage. The e-module testing is feasible
through validity, practicality, and effectiveness tests. The test results show that the e-module is
suitable for use because it is categorized as valid, practical, and effective. E-modules are
categorized as valid with the results of the assessment of excellent material experts, good media
experts, and excellent linguists. E-modules are categorized as practical with the results of
response questionnaires in small groups, field groups, and teachers showing positive evaluations.
E-modules are categorized as moderate or effective in improving students' science literacy skills.
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1. Introduction

Along with the sophistication of technology, there are many learning media developed in digital form.
One of them is an electronic module or e-module. E-module is a form of presentation of independent
teaching materials in electronic format that is designed systematically to achieve certain learning
objectives. E-modules are equipped with animations, videos, illustrations, and audio that make the
learning process more interactive and add to students' learning experience [1].

Many e-modules have been developed, one of which is in physics lessons such as temperature and
heat material. However, e-modules on temperature and heat material are more developed in concept
understanding. This is due to the problems that exist in temperature and heat materials. The problem is
that temperature and heat materials contain abstract concepts that are difficult for students to learn [2].

This research is intended to develop e-modules on temperature and heat with a new and appropriate
design to overcome these problems, namely based on socio-scientific issues. The socio-scientific issues
base is new in Indonesia, so socio-scientific issues-based teaching materials have not been widely
developed, especially on temperature and heat materials [3]. Socio-scientific issues are related to the
presentation of scientific issues that exist in the environment around students and are relevant to real
life. Safira [4] states that scientific issues that are relevant and familiar to students will better visualize
abstract concepts to make them more concrete. In addition, the socio-scientific issues base can motivate
to interpret each content of the material, thus allowing students not to feel difficulties in learning [5].

E-modules based on socio-scientific issues on temperature and heat material in this study aim to
improve students' science literacy skills. Science literacy is the ability to apply science by identifying,
making decisions, and concluding matters related to science, technology, the environment, and society
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[6]. The results of a study conducted by PISA in 2022 stated that the science literacy skills of students
in Indonesia were still in the low category even though it had increased by 6 positions from the previous
year [7]. According to Reni and Agung [8], there are many factors behind the low science literacy skills
of students. One of the factors is the selection of inappropriate learning resources.

The selection of learning resources that only depend on textbooks is less able to attract attention,
facilitate, apply, and train students' knowledge and science literacy skills. As a result, students become
bored and less able to understand subject matter related to real life [9]. Efforts made to improve science
literacy skills are to develop appropriate learning resources in the form of e-modules based on socio-
scientific issues that can connect the context of science with real-life problems. This is by Kartika et al.
[5] who said that teaching materials designed with socio-scientific issues proved to be able to improve
students' science literacy skills. Other opinions also say that the use of teaching materials designed with
socio-scientific issues can significantly improve students' science literacy skills [10].

2. Methods

This research uses the development method of Research and Development. The development design
used is the 4D model developed by S. Thiagarajan, D S. Semmel, and Melvyn 1. Semmel. The 4D
development model consists of 4 main stages, namely: Define, Design, Develop, and Disseminate [11].
This research is limited to the Develop stage. These stages are described in Figure 1.
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Figure 1: Stages of the 3D Development Model reduced from the 4D developed by S. Thiagarajan, et.
al.
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The define stage aims to determine the requirements and needs needed in the development through
teacher interview guidelines, student preliminary study questionnaires, and literature studies. The
teacher interview guidelines and the preliminary study questionnaire used open-ended questions. The
open-ended questions contain basic problems that occur in the physics learning process, student
characteristics, and needs. There were 2 physics teachers interviewed and 68 students who filled out the
preliminary study questionnaire. The grids of the interview guidelines and the preliminary study
questionnaire are described in Table. 1

Table 1. Grid of interview guidelines and preliminary study questionnaires.

Question Indicator No. Question Item Number of Questions
Implementation of physics learning in the classroom 1 1
Science literacy skills in learning 2,3 2
Use of learning media in class 4,56 3
Total 6

The literature study includes activities to analyze several previous studies related to the design of e-
modules based on socio-scientific issues. One of them is the results of Dania Eka Putri's research which
shows that the socio-scientific issues-based e-module developed is included in the category worth using
and is effective in improving students' science literacy skills [12].

The design stage aims to design the initial design of the developed e-module. The design of e-
modules based on socio-scientific issues in this study consists of three parts, namely the introduction,
the core part, and the closing part. In the introduction section, the e-module presents instructions for use,
learning outcomes, learning objectives, and concept maps. In the core section, the e-module presents
learning activities based on the socio-critical and problem-oriented stages developed by Eilks et al. The
learning stages developed by FEilks et al. [13] consist of textual approach and problem analysis,
clarification of science background through practicum, continuing the socio-scientific dimension,
discussion and evaluation with different viewpoints, and meta-reflection. The socio-critical and
problem-oriented learning stages meet the criteria and are by socio-scientific issues base.

In the core activities at the textual approach and problem analysis stage, the e-module presents news
along with questions about temperature and heat material that has existed in the surrounding
environment to be read and understood by students. For example, the news entitled, "The Dangers of
Mercury Thermometers which are Banned Starting 2020". After that, a column is presented for students
to answer the questions given. At the stage of clarifying the scientific background through practicum,
the e-module presents activities containing practicum on temperature and heat material. At the stage of
continuing the socio-scientific dimension, the e-module presents instructions to direct students to find
and analyze news or articles related to temperature and heat material. It is intended that students can
strengthen their opinions in debate activities in the next stage. At the discussion and evaluation stage
with different points of view, the e-module presents problem topics related to temperature and heat. For
example, a topic about the pros and cons of mercury thermometers that are still in use is presented.
Students are divided into pro and contra groups and directed to conduct online debates with applications
that are already available in the e-module. At the meta-reflection stage, the e-module presents a column
for students to make conclusions about the learning activities that have been carried out [14]. In the
closing section, the e-module presents a summary of the core material and a glossary.

The develop stage aims to modify the e-module design into a valid, practical, and effective final
version. The validity of the e-module can be seen from the results of the expert test questionnaire. The
practicality of e-modules can be seen from the results of teacher and student response questionnaires.
The effectiveness of the e-module can be seen from the results of the N-gain score obtained by students
after working on the test instrument. The test instrument consists of 15 questions related to temperature
and heat material with science literacy indicators according to PISA 2018 [15].
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The research was conducted in two high schools located in Jakarta, namely SMAN 106 and SMA
Budhi Warman 2. The research trial subjects consisted of experts, students, and teachers as described in

Table 2.
Table 2: Trial subjects.
Stage Test Subject
Expert Validity Test 9 lecturers (3 material experts, 3 media experts, and 3 language
experts).
. 9 students of class XI of SMAN 106 Jakarta have studied
Small Group Trial .
temperature and heat material.
30 students of class XI SMA Budhi Warman 2 Jakarta who have
. . never learned about temperature and heat.
Field Trial

2 physics teachers of SMAN 106 Jakarta and SMA Budhi Warman
2 Jakarta.

Data analysis conducted in the study:

1. Teachers' interview guidelines and students' preliminary study questionnaires were analyzed using
qualitative descriptive methods [16]. The qualitative descriptive method is to analyze, describe, and
summarize various conditions and situations from the data results regarding the problem under study
[17].

2. Expert test questionnaires were analyzed using quantitative methods with the calculation of TCR
(Respondent Achievement Rate). From the TCR results, the validity value of the e-module is
obtained. The percentage and category of TCR results are described in Table 3.

Table 3. Percentage and category of TCR.

Percentage Category
81,26% - 100% Very Valid
62,51% - 81,25% Valid
43,76% - 62,50% Fairly Valid
25,01% - 43,75% Invalid

3. Student and teacher response questionnaires were analyzed using quantitative methods with Data
Analysis Tools from the official UEQ (User Experience Questionnaire) website. From the results of
Data Analysis Tools, the practicality value of the e-module is obtained. The levels and categories of
the Data Analysis Tools results on UEQ are described in Table 4.

Table 4. UEQ levels and categories [18].

Level Category Interpretation

> 0,8 Positive Evaluation ~ Very Practical to Use
-0,81t0 0,8 Normal Evaluation  Practical Use

<-0,8 Negative Evaluation Not Practical to Use

4. The test instrument was analyzed using quantitative methods by comparing the pretest and
posttest scores through the acquisition of N-gain. From the N-gain results, the effectiveness
of the e-module can be obtained. The N-gain score and criteria can be seen in Table 5.

Table 5. N-gain score criteria [19].

Score Criteria
g>0,7 High
0,7 <g<0,3 Medium

g<0,3 Low
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3. Results and Discussion

The results of this study provide information that a product has been produced in the form of an e-
module designed based on socio-scientific issues. The e-module is categorized as valid, practical, and
effective in improving students' science literacy skills on temperature and heat material. This research
uses the 4D development design according to S. Thiagarajan which consists of the Define, Design,
Develop stages. The description of the research results and discussion at each stage is described as
follows:

3.1. Define Stage

The Define stage provides information about the results of interview guidelines and student preliminary
study questionnaires. The results show that almost all students have difficulty learning physics, teachers
who teach only use printed modules and power points and students' science literacy skills are in the low
category. To overcome these problems, innovation is needed by developing a learning media in the form
of e-modules based on socio-scientific issues to improve students' science literacy. Laraphaty et al, [20]
said that the use of e-modules can help students who have learning difficulties and make it easier to
understand the content of the material in a structured and systematic manner. The results of Nur'aida
Afrilya's research [10] stated that the socio-scientific issues base can motivate students to interpret each
content of learning materials and can significantly improve students' science literacy skills. The results
of other literature studies also show that the average e-modules designed with socio-scientific issues are
categorized as valid, practical, and effective for use in learning.

3.2. Design Stage
The Design stage provides information about the results of the initial e-module design. Before designing
e-modules, several things must be considered, namely preparing tests that refer to criteria, media
selection, and format. The preparation of tests refers to the criteria aimed at designing questions based
on science literacy indicators according to PISA 2018. Media and format selection aims to select media
platforms and formats that are relevant to the characteristics of the material, e-module content design,
and student needs. The selected media platforms are Canva Pro and Heyzine while the selected format
uses the e-module framework according to the Directorate of High School Development, Directorate
General of Primary and Secondary Education.

The initial design of the e-module must be done before the development trial is conducted. The
snippet of the results of the initial e-module design can be seen in Figure 2.

" Swamas 26 R ese SeunaD 2 Rbss @
Selesai AR @ heyzine.com e M @ Selesai < AR @ heyzine.com ¢ h @ Selesai AR @ heyzine.com e M @

QW

:GA SILVIA (11190163000022) mm [c @ <

E-Modul berbasis Socio-Scientific Issues (SSI)

SUHU DAN KALOR

KEGIATAN PEMBELAJARAN |
sunL

429



430 JP2F, Volume 15 Issue 4 October 2024

3 oass xamssop SemnED 0008 Kmsse @ e
Selesai < A & heyzine.com e M @ Selesai < AR 8 heyzine.com ¢ M @

s Ko torhudup Perububun
Solbn, Wad dan Pennatan pads Benda

Figure 2. Snapshot of E-Module Preliminary Design Results

3.3.  Develop Stage

The Develop stage provides information about the results of e-module validity in expert validity
activities as well as the results of the practicality and effectiveness of e-modules in development trials.
Expert validity is an assessment conducted by 3 media experts, 3 material experts, and 3 language
experts. The description of the results of expert validity is as follows.

Table 6. Material expert assessment results.

Aspects Score Result Max Value TCR (%) Category
Content Feasibility 60 60 100 Very good
Self-Study 59 60 98,33 Very good

Average 99,17 Very good

Table 7. Media expert assessment results.

Aspects Score Result  Max Value TCR (%) Category
Presentation Feasibility 35 45 77,78 Good
Media Effects on Learning Strategies 38 45 84,44 Very good
Feasibility of Comprehensive Display 92 120 76,67 Good
Average 78,57 Good

Table 8. Results of language expert assessment.

Aspects Score Result Max Value TCR (%) Category
Language Feasibility 149 150 99,33 Very good
Average 99,33 Very good

From the results of Tables 6, 7, and 8§, it can be concluded that the e-module is categorized as valid
based on the results of expert assessment in terms of material, media, and language. In terms of material,
the content on the e-module has been well designed according to the established curriculum meets the
latest knowledge, and is relevant to temperature and heat material. According to Nieveen, learning media
can be said to be valid if the material is well designed according to the curriculum, the material
components must be based on the latest knowledge and interconnected [21].

In terms of media, e-modules can store and present information in the form of writing, images, and
videos and there are interactive quizzes and several links that are easily accessed by students in one
view. In addition, e-modules are designed so that students can learn independently so that they can
streamline learning time. According to Gerlach and Ely in Ili [22], the characteristics of learning media
that are valid and feasible to use in learning are fulfilling the elements of fixative, manipulative, and
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distributive. Fixative is the media's ability to record, store, and reconstruct a learning event/object.
Manipulative is the media's ability to streamline time well. Distributive is the ability of the media to
display various objects to be transformed through an integrated display.

In terms of language, the e-module uses straightforward, interactive, communicative sentences and
is by Indonesian language rules. According to the Directorate of High School Development [23] one of
the principles of developing a good e-module is using semi-formal language that is communicative and
interactive.

Development trials were conducted in small groups and the field. The small group trial aims to
determine the practical value of the e-module developed from the results of the student response
questionnaire. The results of the response questionnaire in the small group trial are described in Table
9.

Table 9. Results of small group student response questionnaire.

UEQ Scale Results Description
Attractiveness 1,78 Positive evaluation
Clarity 1,75 Positive evaluation
Efficiency 1,75 Positive evaluation
Accuracy 1,69 Positive evaluation
Stimulation 1,75 Positive evaluation
Novelty 1,72 Positive evaluation
Average 1,74 Positive evaluation

From Table 9, it can be concluded that the average results of the response questionnaire in the small
group showed a positive evaluation. This means that the e-module developed is categorized as practical
for use in learning.

Field group trials were conducted to know the value of e-module practicality from the results of
student and teacher response questionnaires and the effectiveness of e-modules from the N-gain results.
The results of student and teacher response questionnaires in the field trial are described in Table 10 and
Table 11.

Table 10. Field group student response questionnaire results.

UEQ Scale Results Description
Attractiveness 1,62 Positive evaluation
Clarity 1,74 Positive evaluation
Efficiency 1,45 Positive evaluation
Accuracy 1,48 Positive evaluation
Stimulation 1,41 Positive evaluation
Novelty 1,28 Positive evaluation
Average 1,50 Positive evaluation

Table 11. Field group teacher response questionnaire results.

UEQ Scale Results Description
Attractiveness 3,00 Positive evaluation
Clarity 2,88 Positive evaluation
Efficiency 2,75 Positive evaluation
Accuracy 2,38 Positive evaluation
Stimulation 2,75 Positive evaluation
Novelty 2,63 Positive evaluation
Average 2,73 Positive evaluation

From Tables 10 and 11, it can be concluded that the average results of the response questionnaire in
the field group show a positive evaluation. This means that the e-module developed is categorized as
practical for use in learning.
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The e-module is categorized as practical because the average results of the student and teacher
response questionnaire assessment in Tables 9, 10, and 11 with the UEQ scale aspects show a positive
evaluation. The aspect of the UEQ scale that gets the highest score is in the attractiveness and clarity
section. This shows that e-modules based on socio-scientific issues are liked, interactive, easy to use,
and understood by students and teachers. According to Nieveen [21], learning media can be said to be
practical if its users, especially students and teachers, rate the developed product as easy to use and can
describe the learning process.

The N-gain results in the field trial are described in Table 12.

Table 12. N-gain result table.

Science Literacy Indicators N-Gain Category
Explaining Phenomena Scientifically 0,52 Medium
Evaluating and Designing Scientific Inquiry 0,62 Medium
Interpreting Data and Evidence Scientifically 0,66 Medium
Content 0,78 High
Procedural 0,47 Medium
Epistemic 0,48 Medium

Average 0,56 Medium

Table 12 shows that the e-module is categorized as moderate and effective because it shows an
increase in the average N-gain results of students' science literacy skills. This can be seen from the
increase in students' science literacy test results between before and after using the e-module. This is in
line with the results of Dania's research [12] Where the use of e-modules based on socio-scientific issues
as learning media is effective for improving science literacy skills. According to Arip & Aswat [24],
learning materials delivered using interactive media are more effective than not using media.

4. Conclusion

Based on the results of the research and discussion, it can be concluded that a product has been developed
in the form of an e-module designed based on socio-scientific issues to improve students' science literacy
skills in temperature and heat materials. The e-module is also categorized as valid, practical, and
effective in improving students' science literacy skills. Future researchers are advised to try to measure
students' scientific argumentation skills because at the stage of discussing and evaluating different points
of view, there are discussion forums and debates that can facilitate students' scientific argumentation
skills.
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