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Abstract. This study aimed to develop an English for Chemistry digital module based on
the Content and Language Integrated Learning (CLIL) approach to enhance the
competencies of chemistry education students and pre-service teachers. A research and
development design using the 4-D model (Define, Design, Develop, Disseminate) was
employed. The module was validated by experts and tested for practicality by lecturers
and students using Likert-scale instruments. The results indicated very high feasibility in
content (97.23%), media (97.67%), and pedagogical aspects (96.96%). Practicability
testing also showed excellent results, with scores of 98.4% from lecturers and 98.54%
from students. These findings demonstrate that the developed module is valid, practical,
and user-friendly. In conclusion, the CLIL-based English for Chemistry module
effectively integrates language and chemistry learning, supports 21st-century skills,
enhances scientific communication and digital literacy, and promotes sustainable,
paperless education in higher education.

Keywords: Content and Language Integrated Learning (CLIL), English for chemist,
chemistry concepts, English competence.

1 Introduction

Rapid technological developments, globalization, and demands for 21st-century competencies
have driven significant transformations in educational practices [1]. Teachers are not only
required to be facilitators of learning, but also agents of change who are able to adapt teaching
materials and learning strategies to the latest social and technological developments [2], [3].
One important aspect of this change is the continuous updating of learning literature [4].
Updated literature plays an important role in ensuring that learning content remains relevant,
pedagogically effective, and aligned with the development of core skills such as critical
thinking, creativity, collaboration, communication, and digital literacy [5]–[7]. In the context

SICBAS 2025, November 06, Palembang, Indonesia
Copyright © 2026 EAI
DOI 10.4108/eai.6-11-2025.2364450

mailto:%7bputri.adita@lecturer.unri.ac.id,
mailto:rozalinda@lecturer.unri.ac.id,
mailto:tripadila@lecturer.unri.ac.id,
mailto:muryanti@lecturer.unri.ac.id,


of Indonesian education, the national Merdeka Belajar (Freedom of Learning) policy
encourages flexible and contextual learning, in which students play an active role in
constructing knowledge. Proficiency in English is becoming increasingly important given its
role as a global language in academia, technology, and professional fields [8]. The integration
of English in subject teaching supports broader educational goals, including access to global
knowledge and the development of graduates who are able to compete at the international
level [9].

Theoretically, Vygotsky's sociocultural theory states that language functions as a mediating
tool in the learning process that takes place in a social and cultural context [10]. In this case,
English becomes an important tool for students in Indonesia to interact with international
knowledge, collaborate across countries, and understand multicultural perspectives. In
addition, Bandura's social cognitive theory emphasizes the importance of self-efficacy and the
influence of the environment on learning outcomes [11]. Access to up-to-date and engaging
English-based teaching materials can increase student motivation and confidence, especially
when the material is contextualized with their local realities and future expectations [12].
Furthermore, 21st-century learning frameworks such as those developed by the Partnership for
21st Century Skills (P21) emphasize the importance of global awareness and information
literacy as key competencies for modern learners [13]. Proficiency in English enables students
to access international scientific literature, participate in digital learning environments, and
engage with current global issues [14], [15]. Thus, the use of outdated literature not only
reduces student engagement, but also limits their capacity to compete and collaborate in the
global knowledge society [16].

The development of globalization and internationalization in higher education requires an
increase in student competence not only in mastering subject content, but also in mastering
foreign languages, especially English. In the context of chemistry education, the need to
access international scientific literature, participate in global seminars and conferences, and
prepare prospective chemistry teachers who are ready to compete in the global era is becoming
increasingly important. On the other hand, many chemistry students and prospective chemistry
teachers have difficulty understanding chemistry content in English [17], [18]. This has an
impact on their low scientific literacy, limited access to global reference sources, and lack of
confidence in communicating scientifically at an international level [19]–[21].

Despite the growing recognition of these challenges, existing learning resources in chemistry
education in Indonesia remain largely content-centered and do not systematically integrate
English language development with chemistry concepts. This indicates a clear research gap:
while Content and Language Integrated Learning (CLIL) has been proven effective in
simultaneously enhancing subject mastery and language competence in various international
contexts [22]–[24], its application in Indonesian chemistry education—particularly through
the development of a structured “English for Chemistry” module—is still very limited. CLIL
enables students to learn chemistry concepts while developing English proficiency in a
contextual and meaningful manner [25], yet there is a lack of development-based studies that
design, validate, and test CLIL-oriented digital modules tailored to the characteristics and
needs of prospective chemistry teachers in Indonesia.

Therefore, the novelty of this study lies in the development of a CLIL-based English for
Chemistry digital module that systematically integrates chemistry content, English language



skills, and 21st-century competencies within the Indonesian higher education context. By
grounding the development process in needs analysis, CLIL theory, and the specific
characteristics of chemistry education students, this study addresses existing gaps in learning
literature and offers an innovative instructional resource to support linguistic, scientific, and
global competence among prospective chemistry teachers.

2 Research method

This study employed research and development (R&D) design with a mixed qualitative and
quantitative approach at the initial stage of product development. The research was conducted
at Technology Readiness Level (TRL) 3, corresponding to the conceptual development stage,
which includes identifying assumptions and theoretical foundations, formulating the product
concept, and analytically examining its initial functions and characteristics [26], [27]. The 4-D
model (Define, Design, Develop, and Disseminate) was adopted operationally to guide the
structured development of the English for Chemistry module. The integration of these two
models was intended to ensure both conceptual rigor and practical clarity in the module
development process, with providing the macro-level framework and the 4-D model
supporting the micro-level product development stages.

Data collection instruments included expert validation questionnaires and practicality
questionnaires for lecturers and students. Instrument validity was established through content
validation by subject matter experts, media experts, and pedagogical experts, who evaluated
the instruments in terms of relevance, clarity, and alignment with research objectives.
Revisions were made based on expert feedback to ensure that all instrument items accurately
measured the intended constructs. Instrument reliability was assessed using internal
consistency analysis, and the results indicated that the instruments met acceptable reliability
standards for educational research. The testing phase of the developed module was conducted
at the University of Riau to evaluate feasibility and practicality prior to wider implementation.

3 Results and discussion

The initial product resulting from this development research is the CLIL-based English for
Chemistry Module to Improve the Competence of Chemistry Students and Prospective
Teachers. The initial product development was carried out based on the 4-D development
model adapted from Thiagarajan et al. [28]. The following are details of the development
stage results based on the research procedures that have been carried out:

3.1 Define

A needs analysis was conducted through interviews with lecturers and students of the
chemistry education study program, which showed the need for teaching materials that are
able to integrate English and chemistry content simultaneously. The results of the curriculum
analysis showed that the CPL (Graduate Learning Outcomes) included mastery of academic
English and mastery of chemistry material for prospective teachers. The difficulties identified
among students included limited English chemistry vocabulary, low academic reading skills,



and lack of experience using English in scientific discussions. The definition stage was
divided into 5 stages, namely:

a. Front-End Analysis

The purpose of this analysis is to identify problems found in the information obtained from
interviews with chemistry education lecturers as a basis for learning that needs to be
developed in the creation of electronic modules. The information obtained is taken into
consideration to create better and more efficient learning. Some of the information obtained is
as follows:

1. Existing English for Chemistry modules do not fully facilitate student learning

2. The use of technology in English for Chemistry learning is not optimal, even though
technological facilities such as the internet are available to support the learning process.

The purpose of this analysis is to identify problems found in the information obtained from
interviews with chemistry education lecturers as a basis for learning that needs to be
developed in the creation of electronic modules. The information obtained is taken into
consideration to create. Based on the results of observations and interviews, the researcher felt
the need to develop an English for Chemistry module.

b. Student Analysis (Learner Analysis)

At this stage, observations were made of first- and second-year students with intermediate
English skills (B1–B2). The main difficulties were chemistry vocabulary, reading scientific
articles, and writing laboratory reports in English.

c. Task Analysis

This analysis covers the CPMK and Sub-CPMK of the Chemistry English course. This
analysis involves identifying the concepts taught and developing rational procedures for
abstract concepts, specifying instructional objectives, and analyzing the objectives of the
formulation.

3.2 Design

This stage aims to create a preliminary design of the electronic modules and instruments used
for the research data collection process. The results of the planning stage can be used as a
basis for product development. The following is a detailed explanation of the design stages:

a. Development of Research Instruments

The research instruments used consist of a learning plan, an E-Module feasibility instrument
and an E-Module practicality instrument.

b. Lesson Plan

The lesson plan (RP) is tailored to the current curriculum implemented by the UNRI
Chemistry Education study program, the OBE Curriculum. Learning activities in the
experimental and control classes are detailed in the Lesson Plan (RP), which includes
introductory, core, and closing activities. The experimental class RP is tailored to the CLIL



learning model used in the development of the E-Module. CLIL integration is reflected at
every stage of the learning process.

c. E-Module Feasibility Assessment Instrument

The e-Module feasibility assessment instrument was designed to assess the quality or
feasibility of the developed e-Module. This feasibility assessment was conducted by a
validator on material, media, and pedagogical indicators. The instrument was presented in the
form of a questionnaire with assessments using a 5-point Likert scale.

d. E-Module Practicality Assessment Instrument

The E-Module practicality assessment instrument was designed to measure the practicality of
the developed E-Module. This practicality assessment was conducted by a lecturer teaching
English for Chemistry and students using a 5-point Likert scale.

e. Media Selection

Based on the analysis conducted in the define stage, the media selected that is relevant to
students' needs is the CLIL-based Chemistry English E-Module. Researchers used Canva
software and the Heyzine website to develop the E-Module. The resulting output is a link that
refers to the E-Module presented in a flip format. The results of this development are links that
can be accessed using Android smartphones, iOS, tablets, and PCs/laptops using existing
search applications such as Google Chrome, Safari, and Microsoft Edge.

f. Format Selecting

This stage is carried out to determine the content of the CLIL-based Chemistry English E-
Module design. This E-Module design consists of a cover, foreword, introduction, user
manual, learning guide, developer profile, CPL, CPMK, sub-CPMK, indicators, learning
objectives, learning materials, and learning activities in accordance with CLIL syntax, and a
bibliography.

g. Preliminary Design

The initial design for this CLIL-based Chemistry English e-module was adapted to a
predetermined format. Based on this format, a product design was produced in the form of a
storyboard that provides an overview and guidelines for the preparation and creation of the e-
module.

3.3 Develop

At this stage, an assessment was conducted on the initial design of the CLIL-based Chemistry
English e-Module. Validation of the product and research instruments was carried out through
expert appraisal and development testing. The following is a description of the results of the
development stages:

a. Expert appraisal

Expert assessment is a theoretical validity test conducted to determine the feasibility of the
CLIL-based Chemistry English e-module before its pilot testing. This assessment involved
two expert lecturers with experience and expertise in environmental science and teaching



materials development. The expert lecturers provided assessments and comments on the
questionnaire.

The feasibility test for the CLIL-based Chemistry English e-Module was conducted by expert
lecturers through a questionnaire. The indicators assessed included material, media, and
pedagogy, each with its own distinct aspects. A summary of the results of the e-Module
feasibility test is presented in Table 1.

Table 1 Results of the E-Module feasibility test by expert judgment

Aspect Average score Maximum score Percentage

(%)

Category

Material Validation

Content 24 25 96 Very Good

Construction 14.67 15 97.8 Very Good

Languange 19.67 20 98.33 Very Good

Total 58.34 60 97.23 Very Good

Media Validation

E-Module Size 10 10 100 Very Good

E-Module Cover Design 34 35 97.14 Very Good

Content Design 53.67 55 97.57 Very Good

Total 97.67 100 97.67 Very Good

Pedagogical Validation

E-Modules according to CLIL

syntax

29.33 30 97.76 Very Good

Alignment of Learning with

21st Century Competencies

24 25 96 Very Good

Total 53.33 55 96.96 Very Good

Based on the results of the feasibility test of the CLIL-based Chemistry English E-Module by
expert lecturers, the material validation aspect got a score of 58.64 out of a total of 60, the
media aspect got a score of 97.67 out of a total of 100, and the pedagogical aspect got a score
of 53.33 out of a total of 55. Thus, it can be concluded that the CLIL-based Chemistry English
E-Module is feasible but needs to be revised slightly based on suggestions and input provided
by expert lecturers.

The development trial stage was carried out after the CLIL-based Chemistry English E-
Module had been revised and declared theoretically valid by expert lecturers. The
development trial began with a practical test of the CLIL-based Chemistry English E-Module
with environmental science lecturers and a readability test with students. The practicality test
of the CLIL-based Chemistry English e-Module was conducted by five lecturers and 30
students using a 10-item questionnaire. The aspects assessed included ease of access, time



efficiency, and ease of use. A summary of the results of the e-Module practicality test is
presented in Table 2.

Table 2 Results of the practicality test of the E-Module for lecturers and students

Aspect Average score Maximum

score

Percentage (%) Category

Lecturer

Ease of Access 14,6 15 97.33 Very Good

Time Efficiency 10 10 100 Very Good

Convenience of Use 24.6 25 98.4 Very Good

Total 49.2 50 98.4 Very Good

Student

Ease of Access 14.7 15 98 Very Good

Time Efficiency 9.9 10 99 Very Good

Convenience of Use 24.67 25 98.68 Very Good

Total 49.27 50 98.54 Very Good

Based on the test results of the CLIL-based Chemistry English E-Module by five lecturers
with all aspects obtaining a very good category with a total assessment of 49.2 and a
presentation of 98.4% and assessments from 30 students with all aspects obtaining a very good
category with a total assessment of 49.27 and a presentation of 98.54%. So, it can be
concluded that the CLIL-based Chemistry English E-Module is practical but needs to be
revised based on suggestions and input provided by each lecturer. The results of the
practicality test provide information that the CLIL-based Chemistry English E-Module is very
good but needs to be improved before proceeding to the next stage.

The study results show that although CLIL has a similar basic learning structure, the two have
fundamental differences in orientation, values, and learning outcomes to be achieved.
However, this approach does not explicitly emphasize the dimensions of values, social
awareness, and sustainability. In contrast, CLIL offers a more holistic approach by not only
training students to design projects but also encouraging them to reflect on the social,
economic, and environmental impacts of the projects undertaken. This aligns with SDG target
4.7, which emphasizes the importance of education that supports sustainable development,
disaster risk reduction, and the formation of responsible global citizens.

This development research is an innovative effort in Environmental Science learning to
produce a CLIL-based Disaster Mitigation E-Module that is packaged digitally, interactively,
and contextually. This E-Module is designed to improve disaster literacy and sustainable
awareness among environmental education students in Indonesia. The advantages of this
CLIL-based E-Module include its user-friendliness, accessibility via smartphone, laptop, or
PC without the need for heavy installation because it is web-based. This module also adopts
the concept of paperless learning, which supports the reduction of paper use during the
learning process as a real contribution to environmental conservation. Furthermore, the



presentation of disaster phenomena is packaged with attractive visualizations through videos,
infographics, and interactive simulations. This supports the statement that the use of video-
based digital media can improve student understanding and learning retention. However, a
weakness of this E-Module is its reliance on a stable internet connection to access the
interactive features. However, the benefits offered in increasing disaster literacy and
sustainable awareness make this E-Module one of the important innovations in Environmental
Science learning in the digital era.

Based on the expert assessment results, the CLIL-based Chemistry English E-Module received
an excellent rating in all aspects, namely material (97.23%), media (97.67%), and pedagogy
(96.96%). This indicates that the module content is in accordance with competencies, logical
presentation construction, communicative language, and attractive visual design that meets the
needs of digital learning. In addition, this module is also considered consistent with the PjBL
syntax integrated with the principles of Education for Sustainable Development (ESD)[29], so
that it not only focuses on cognitive understanding, but also on strengthening disaster literacy
and sustainable awareness attitudes. These findings are in line with the views of UNESCO
which emphasizes the importance of integrating social, economic, and environmental
dimensions in learning, and that interactive visual design can improve students' conceptual
understanding [30], [31].

The results of the practicality test involving five lecturers and thirty students also showed an
excellent rating, with an average score of 98.4% for lecturers and 98.54% for students. High
scores for ease of access, time efficiency, and ease of use indicate that the module is user-
friendly and supports effective and efficient learning. This demonstrates that the e-module is
capable of being a digital learning medium that is relevant to student needs and meets the
demands of 21st-century learning. These findings align with research that emphasized the
importance of easily accessible and time-efficient digital learning media and stated that
integrating a project-based model with an ESD approach can help students interpret problems
contextually and meaningfully. Thus, this e-module is deemed feasible and practical to use,
although it still requires minor revisions based on expert and user input before wider
implementation [7], [32].

4 Conclusion

Based on the research results, the development of a CLIL-based Chemistry English e-module
has been shown to be both feasible and practical for learning implementation. Expert
validation indicated excellent quality in material, media, and pedagogical aspects, while
practicality testing by lecturers and students also achieved excellent ratings, with average
scores exceeding 98%. The module effectively supports the simultaneous mastery of
chemistry content and English language skills and integrates the principles of Education for
Sustainable Development (ESD), contributing to the enhancement of students’ disaster literacy
and sustainable awareness. However, this study was limited to feasibility and practicality
evaluation at Technology Readiness Level 3 and was conducted within a single institutional
context, without measuring its impact on students’ learning outcomes or language proficiency.
Future research should involve experimental or quasi-experimental designs to examine the



effectiveness of the module on cognitive, linguistic, and affective learning outcomes, as well
as broader implementation across different institutions and learning contexts.
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