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environmental problems and take appropriate actions to address KEYWORDS
them. In chemistry learning, inorganic waste management can be E-module;
connected with green chemistry principles through contextual environmental literacy;
teaching materials. This study aimed to develop a green chemistry- green chemistry;
based e-module on inorganic waste reduction and management inorganic waste; waste
oriented toward environmental literacy and to determine its validity management

and feasibility. This study used Design-Based Research (DBR) with
three stages: analysis and exploration, design and construction, and
evaluation and reflection. The e-module was developed as an
Android application that integrates four dimensions of environmental
literacy: knowledge, cognitive skills, attitudes, and actions. The
validation was conducted by three lecturers, while the feasibility test
involved 15 fourth-semester students of the Chemistry Education
Study Program. The validation scores were 0.89 for the material
aspect, 0.89 for the display aspect, and 0.93 for the language aspect,
with an overall score of 0.91. The feasibility test results were 92% for
the material aspect, 94% for the display aspect, and 91% for the
language aspect, with an average of 92.33%. These results show that
the developed e-module obtained high validation scores and was
considered very feasible by the students. Further testing is needed to
determine its effectiveness in improving students’ environmental
literacy.

Environmental literacy is an important competency for understanding environmental problems and responding to
them appropriately. Environmental literacy includes knowledge, cognitive skills, attitudes, and actions related to
environmental responsibility (Hariyadi et al., 2021). These aspects are related to each other because environmental
knowledge needs to be supported by the ability to analyze problems, show concem for the environment, and take
appropriate action. Therefore, environmental literacy is important in dealing with environmental problems such as
pollution, ecosystem degradation, and waste management (Prastiwi et al., 2020).

Environmental literacy is also important for teacher-education students because they are future educators who may
later teach environmental concepts in schools. Irawati et al. (2024) reported that environmental literacy among
teacher-education students includes knowledge, competence, attitudes, and environmentally responsible behavior. In
chemistry leaming, environmental issues can be connected with scientific concepts through topics such as green
chemistry and waste management. This allows students to understand chemistry not only as scientific knowledge but
also in relation to environmental problems found in daily life.

Inorganic waste is one of the environmental problems that can be used as a context in chemistry leaming. Plastic and
other inorganic materials are difficult to degrade and require proper management. Poor waste management can cause
environmental pollution and increase the amount of waste accumulated in the environment (Suasono et al., 2023).
Therefore, the topic of waste reduction and management can be introduced not only as an environmental issue but
also as a context for applying chemistry concepts and green chemistry principles.

Green chemistry provides principles that can beused to reduce the environmental impact of chemical substances and
processes. In waste management, these principles can be applied through activities such as reducing, reusing, and
recycling waste, selecting safer materials, and developing more environmentally responsible practices. Integrating
green chemistry into leaming can help students understand environmental problems and consider possible solutions.
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However, environmental leaming is still often focused on the delivery of information and provides limited contextual
activities that connect knowledge with attitudes and actions (Ahmadi, 2022). Environmental literacy is also important
for teacher-education students because they are future educators who may later teach environmental concepts in

Digital teaching materials can be used as an altemative to present environmental topics in a more varied form. E-
modules can combine text, illustrations, videos, and evaluation activities in one leaming medium and can be accessed
independently by students. Several studies have developed e-modules and other digital leaming materials for science
and environmental leaming. Sureni et al. (2023) developed a Flip PDF-based e-module to support science literacy,
while Khusna and Dewi (2024) developed a Flip Builder-based module related to environmental understanding and
disaster response. Widiantie et al. (2023) also used inorganic waste in hydroponic activities to support environmental
literacy.

Several studies have also developed digital chemistry leaming materials related to environmental issues and green
chemistry. Ramdhaniah et al. (2021) developed a green chemistry-oriented e-module on altemative fuels, while
Subarkah et al. (2021) developed an e-module on addictive substances integrated with Islamic values. Agustin et al.
(2024) developed an electronic magazine oriented toward environmental literacy for plastic waste management.
These studies show that digital leaming materials can be used to integrate chemistry with environmental issues.
However, the previous studies used different leaming products, topics, and instructional orientations. Therefore, there
is still aneed for an e-module that combines inorganic waste reduction and management, green chemistry principles,
and environmental literacy in one leaming product.

In this study, the e-module combines inorganic waste reduction and management, green chemistry principles, and
four dimensions of environmental literacy: knowledge, cognitive skills, attitudes, and actions. The material includes
identification and impacts of inorganic waste, reduction and management strategies, recycling technologies and
innovations, and environmental policies and actions. Contextual examples of inorganic waste management, including
ecobrick activities, are also included to relate the material to environmental problems in Indonesia.

Based on the problems described above, this study aimed to develop a green chemistry-based e-module on inorganic
waste reduction andmanagement orientedtoward environmental literacy andto determine its validity and feasibility.

Methods

This study used Design-Based Research (DBR) consisting of three main stages: analysis and exploration, design and
construction, and evaluation and reflection (Masngudah & Aznam, 2025). The study was conducted from December
2025 to August 2026 and involved fourth-semester students of the Chemistry Education Study Program, Faculty of
Tarbiyah and Teacher Training, UIN Sunan Gunung Djati Bandung. The product developed in this study was an
Android-based e-module on inorganic waste reduction and management that integrated green chemistry principles
with four dimensions of environmental literacy: knowledge, cognitive skills, attitudes, and actions. The prototype was
revised after expert validation before being tested for feasibility by students.

The analysis and exploration stage was conducted to identify the content and leaming needs for developing the e-
module. This stage included a review of relevant literature, analysis of inorganic waste reduction and management
concepts, preparation of a concept map, and identification of the environmental literacy dimensions to be included in
the leaming material. The suitability of the material with the digital media format was also considered at this stage
(Wardhana & Purtadi, 2024). The results of this stage were used as the basis for designing the e-module before
entering the design and construction stage (Fitriyanti et al., 2024).

The design and construction stage began with the preparation of a flowchart to describe the sequence and navigation
of the e-module. A storyboard was then developed as a visual guide for each section of the e-module. The material
was organized into five main topics: identification of inorganic waste, impacts of inorganic waste, reduction and
management strategies, recycling technologies and innovations, and environmental policies and actions. The material
was designed to connect green chemistry principles with the four dimensions of environmental literacy. Microsoft
Word was used to prepare the content and storyboard, Adobe Illustrator and Canva were used for visual design, and
Unity was used to develop the e-module as an Android application. The flowchart and storyboard were used as guides
for organizing the structure and appearance of the e-module before the product was developed (Octarya & Fadhillah,
2023).

Problem Based Leaming (PBL) was used to organize the leaming activities in the e-module. Contextual problems
related to inorganic waste were presented to encourage students to identify environmental problems and consider
possible solutions. The evaluation section was divided into two levels. The first level consisted of 10 questions
related to knowledge and cognitive skills, while the second level consisted of 10 questions related to attitudes and
actions. The score was displayed automatically after students completed each evaluation.

The evaluation and reflection stage consisted of expert validation, product revision, and a student feasibility test.
Expert validation involved three lecturers, consisting of two material experts and one media expert. All validators
assessed the material, display, and language aspects using a five-point Likert scale ranging from 1 (very poor) to 5
(very good). The validators also provided comments and suggestions for improving the e-module. These comments
and suggestions were used as the basis for revising the product before the student feasibility test (Masngudah &
Aznam, 2025).

The validation score for each item was calculated by dividing the total score obtained from the three validators by the
maximum score of 15. The validation score for each aspect was calculated from the total score of all items in that
aspect and then rounded totwo decimal places. The scores ranged from 0 to 1 and were reported as validation scores.

After expert validation, the e-module was revised based on the comments and suggestions from the validators.
Revisions were made to the content, presentation, visual design, and language where needed. The revised e-module
was then used in the student feasibility test.
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The feasibility test involved 15 fourth-semester Chemistry Education students. The students evaluated the e-module
using a five-point questionnaire covering three aspects: material, display, and language. The material aspect included
the clarity of the content and the suitability of contextual environmental examples. The display aspect included text
readability, color, layout, and ease of using the application, while the language aspect included clarity, accuracy, and
ease of understanding. The feasibility percentage was calculated by dividing the obtained score by the maximum
score and multiplying it by 100. Quantitative data from expert validation and student responses were analyzed
descriptively, while the validators’ comments were used asthe basis for product revision.

Results and Discussion
Characteristics of the E-Module

The result of this study was an Android-based e-module on inorganic waste reduction and management oriented
toward environmental literacy. The e-module integrates inorganic waste material and green chemistry principles with
four dimensions of environmental literacy: knowledge, cognitive skills, attitudes, and actions.

At the analysis and exploration stage, the material was organized based on concept analysis and the leaming
objectives. A concept map was prepared to show the relationship between the main topics and the dimensions of
environmental literacy. The material was then divided into five main topics: identification of inorganic waste, impacts
of inorganic waste, reduction and management strategies, recycling technologies and innovations, and environmental
policies and actions.

At the design and construction stage, a flowchart and storyboard were prepared as guides for developing the e-module
(figure 1). The flowchart showed the sequence and navigation of the application, while the storyboard described the
content and layout of each section. The storyboard was used to provide a clearer picture of the e-module design
before the product was developed (Sanusi et al., 2015).

E-MODUL h:
PENGURANGAN DAN ’
PENGELOLAAN LIMBAH
ANORGANIK

Figure 1. Initial design of the e-module

The final e-module has a main menu that directs students to the available leaming sections and features (figure 2).
Thenavigation was designed tohelp students access the material and evaluation activities independently.

MENU UTAMA

[I

Figure 2. Main menu ofthe e-module
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The content menu presents five main topics in the e-module (figure 3). Each topic combines inorganic waste issues
with green chemistry principles and environmental literacy activities. Contextual examples, illustrations, and
supporting videos are also included to help students relate the material to environmental problems in daily life.

A MENU MATERI

KEBLIAKAN DAN
AKSINYATA

Figure 3. Content menu of the e-module

The leaming activities in the e-module were organized using Problem Based Leaming (PBL). Environmental
problems related to inorganic waste were used as leaming contexts to encourage students to analyze the problems and
consider possible solutions. The use of PBL in science leaming can help connect leaming materials with contextual
problemsthat require students to analyze information and propose solutions (Suryati et al., 2021).

The four dimensions of environmental literacy were integrated into the material and evaluation activities. Knowledge
was presented through information about inorganic waste and green chemistry, while cognitive skills were developed
through questions that required students to analyze environmental problems. Attitudes were related to students’
responses toward environmental protection, while actions were represented through activities and choices related to
waste reduction and management. These dimensions are consistent with the environmental literacy components
discussed in previous studies (Siddiq et al., 2020; Anandari et al., 2023; Hariyadi et al., 2021).

The evaluation section was divided into two levels. The first level consisted of 10 questions related to knowledge and
cognitive skills, while the second level consisted of 10 questions related to attitudes and actions. After completing the
questions, students could see their scores automatically in the application.

MENU EVALUASI

=\

i

ASPEK PENGETAHUAN ASPEK SIKAP DAN
& KETERAMPILAN TINDAKAN
KOGNITIF

Figure 4. Evaluation question levels in the e-module

Overall, the developed e-module combines inorganic waste reduction and management, green chemistry principles,
and four dimensions of environmental literacy in one Android-based leaming product. The e-module also includes
contextual examples of waste management, such as ecobrick activities, together with visual materials and evaluation
activities. These features were designed to help students understand inorganic waste problems from scientific and
environmental perspectives (As’ari et al., 2022).
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Expert Validation Results

Expert validation was conducted to assess the material, display, and language aspects of the developed e-module.
Three lecturers participated as validators, consisting of two material experts and one media expert. All validators
assessed the three aspects using the same validation instrument. They also provided comments and suggestions that
were used to revise the e-module before the student feasibility test. The material aspect included the clarity of
learning objectives, suitability of the material with the objectives, sequence of material presentation, integration of
environmental literacy, and suitability of illustrations, images, and videos. The validation results for the material
aspect are presented in Table 1.

Table 1. Validation results for the material aspect

Assessment item Vi V2 V3 Validation
score

Clarity of leaming objectives 5 4 4 0.87
Suitability of material content with the objectives 5 4 5 0.93
Suitability of the sequence of material presentation 5 4 5 0.93
]Sfultablhty ofthematerial with environmental 4 5 4 0.87
iteracy

Suitability of illustrations, images, and videos 4 5 4 0.87
Average 0.89

The material aspect obtained an average validation score of 0.89. The highest scores were obtained for the suitability
of the material with the leaming objectives and the sequence of material presentation. The other items, including the
integration of environmental literacy and the suitability of illustrations, images, and videos, also received high scores.
These results show that the material was considered suitable for the developed e-module and was consistent with the
four dimensions of environmental literacy: knowledge, cognitive skills, attitudes, and actions (Siddiq et al., 2020;
Anandari et al., 2023; Hariyadi et al., 2021).

The display aspect included the clarity of instructions, text readability, color and design, font type and size, and ease
of accessing and using the features. The validation results for the display aspect are presented in Table 2. The display
aspect obtained an average validation score of 0.89. The highest scores were obtained for the clarity of instructions
and the suitability of color and design. The e-module used green, yellow, and blue as the main colors and was
supported by illustrations, infographics, and simple navigation. These elements were used to provide a clear and
organized presentation of the leaming material. The importance of visual design in digital leaming media has also
been reported in previous studies (Pumamasari et al., 2018).

Table 2. Validation results for the display aspect

Assessment item Vi V2 V3 Validation
score
Clarity of media-use instructions 5 5 4 0.93
Readability of text 4 5 4 0.87
Suitability of color and design 5 5 4 0.93
Suitability of font type and size 4 5 4 0.87
Ease of accessing and usingthe features 4 5 4 0.87
Average 0.89

The language aspect included spelling and punctuation, sentence structure, ease of understanding, consistency of
scientific terms, and the absence of ambiguous sentences. The validation results for the language aspect are presented
in Table 3. The language aspect obtained the highest average validation score of 0.93. The item related to ease of
understanding obtained the highest score of 1.00, while the other items obtained scores ranging from 0.87 to 0.93.
These results show that the language used in the e-module was considered clear and easy to understand by the
validators. Clear and communicative language is important in teaching materials because it helps students understand
the leaming content more easily (Sureni et al., 2023).

Table 3. Validation results for the language aspect

. Validation
Assessment item \% ! V2 V3 score
Accuracy of spelling, terms, and punctuation 4 5 5 0.93
Accuracy of sentence and phrase structure 4 5 5 0.93
Ease ofunderstanding the language 5 5 5 1.00
Consistency of scientific and foreign terms 4 5 5 0.93
Absence of ambiguous sentences 4 5 4 0.87
Average 0.93

The overall expert validation results are presented in Table 4. The material and display aspects obtained validation
scores of 0.89, while the language aspect obtained the highest score of 0.93. The overall validation score was 0.91.
These results show that the e-module received high scores from the validators for the three aspects assessed. The
comments and suggestions from the validators were also used to revise the e-module before the student feasibility
test.
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Table 4. Summary of expert validation results

Aspect Validation score
Material 0.89
Display 0.89
Language 0.93
Overall average 0.91

Student Feasibility Results

After the revision based on expert validation, the e-module was tested on 15 fourth-semester Chemistry Education
students. The feasibility test was conducted to obtain student responses to the material, display, and language aspects
of the e-module. The results of the feasibility test are presented in Table 5. The average feasibility score was 92.33%,
which was included in the very feasible category. The display aspect obtained the highest score of 94%, followed by
the material aspect at 92% and the language aspect at 91%. These results show that the students gave positive
responses to the material, display, and language of the developed e-module.

Table 45 Student feasibility test results

Aspect Feasibility Percentage (%) Category
Material 92 Very Feasible
Display 94 Very Feasible
Language 91 Very Feasible
Average 92.33 Very Feasible

The material aspect obtained a feasibility score of 92%. This aspect included the clarity of the material, suitability of
contextual examples, and relevance of the content to inorganic waste reduction and management. The results show
that the students considered the material clear and suitable for use in leaming. The use of contextual environmental
issues in leaming materials is also supported by previous studies that relate scientific concepts to environmental
situations (Agustin et al., 2024).

The display aspect obtained the highest feasibility score of 94%. This aspect included text readability, color selection,
layout, illustrations, and ease of using the application. The results show that the students gave positive responses to
the visual appearance and use of the e-module. This result is similarto the study by Ismanida et al. (2022), which also
reported a high score for the graphical aspect of a Problem Based Leaming e-module. Visual design is important in
digital leaming materials because it helps present the material in a clear and organized way.

The language aspect obtained a feasibility score of 91%. This aspect included clarity, sentence structure, accuracy of
terms, and ease of understanding. The results show that the students considered the language used in the e-module
clear and easy to understand. Clear and communicative language is important in digital teaching materials because it
helps students understandthe leaming content more easily (Masy & Lestarani, 2022; Alwasi et al., 2023).

Overall, the student responses show that the developed e-module was considered feasible in terms of material,
display, and language. However, these results only represent students’ responses to the product and do not show that
the e-module improves environmental literacy. The feasibility test involved only 15 students from one study program,
so the results should be considered as an initial evaluation of the product. Further testing using leaming outcome
measures or a pretest-posttest design isneeded to determinethe effectiveness of the e-module.

This study has several limitations. The e-module focuses only on inorganic waste reduction and management, while
environmental issues also include organic waste, hazardous waste, water pollution, air pollution, and climate-related
problems (Marliani, 2014). In addition, the e-module was developed only for Android devices, which limits its use on
other operating systems. Further development can include broader environmental topics and make the e-module
accessible on different platforms.

Conclusions

A green chemistry-based e-module on inorganic waste reduction and management oriented toward environmental
literacy was developed using Design-Based Research through three stages: analysis and exploration, design and
construction, and evaluation and reflection. The e-module was developed as an Android application containing five
main topics: identification of inorganic waste, impacts of inorganic waste, reduction and management strategies,
recycling technologies and innovations, and environmental policies and actions. The content integrates four
dimensions of environmental literacy: knowledge, cognitive skills, attitudes, and actions.

The validation scores were 0.89 for the material aspect, 0.89 for the display aspect, and 0.93 for the language aspect,
with an overall score of 0.91. The feasibility test involving 15 fourth -semester Chemistry Education students
obtained scores of 92% for material, 94% for display, and 91% for language, with an average of 92.33%. These
results show that the developed e-module obtained high validation scores and was considered very feasible by the
students.

Further research is needed to determine the effectiveness of the e-module in improving students’ environmental
literacy using leaming outcome measures or a pretest -posttest design.
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