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Abstract: Learning in the Economic Botany and Horticulture course is still 
dominated by lectures, resulting in limited student procedural skills and the 

absence of structured teaching materials. This study aims to develop and 
evaluate an eco-enzyme e-module to improve conceptual understanding, 
practical competence, and learning effectiveness. Using a Research and 

Development (R&D) approach with the ADDIE model, the study involved 
expert validation, a limited trial with one class, and pre-test/post-test 
assessment. Data was analyzed through descriptive validation scores, 

practicality ratings, and N-gain effectiveness. Results show that expert 
validation yielded very feasible scores for content (90%), media (88%), and 

instructional design (86%). The practicality test produced a very practical 
overall score of 87%, indicating high usability, readability, visual appeal, 
accessibility, and engagement. Implementation of the e-module increased 

students’ mean score from 62.4 (pre-test) to 91.2 (post-test), generating an N-
gain of 0.77 categorized as high effectiveness. The e-module successfully 
integrates conceptual explanations, fermentation procedures, multimedia 

features, and project-based activities related to eco-enzyme production. In 
conclusion, the eco-enzyme e-module is valid, practical, and effective for 

supporting independent learning and enhancing students’ conceptual and 
procedural skills in accordance with the course learning outcomes. 
 

Keywords: ADDIE; Eco-enzyme; Economic horticultural botany; E-module 
  

Introduction  
 
Economic Botany and Horticulture course in the 

Biology Education Study Program at Tadulako 
University is an elective subject that integrates 
fundamental horticultural principles with practical skills 
in cultivating economically valuable plants. The course 
covers two main learning dimensions: the biological 
dimension including environmental conservation, 
organism–environment interactions, and the 
management of biological resources and the economic 
dimension, which includes entrepreneurship, the use of 
horticultural products, and market potential. 

However, preliminary observations and interviews 
with the course lecturer and students indicate that 
learning remains dominated by lectures and 
discussions, with limited practical activities. As a result, 
students often master theoretical concepts but lack the 
applied skills necessary for horticultural practice. Prior 
studies show that traditional lecture-based methods, 
although still widely used, produce lower learning 
outcomes compared to active or experiential learning 
approaches (Deslauriers et al., 2019; Kozanitis & 
Nenciovici, 2023). The absence of systematic and 
structured learning materials also compels students to 
search for references independently, sometimes relying 
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on unverified sources that may reduce academic quality. 
Research further emphasizes that student-centered, 
active, and experiential learning can significantly 
enhance students’ applied competencies (Kee & Zhang, 
2022). Practice-based learning has also been shown to 
foster stronger skill development compared to 
conventional approaches (Martin-Alguacil et al., 2024). 

One potential solution to improve learning quality 
in this course is the development of an e-module, a 
digital learning medium designed to be flexible, 
accessible, and supportive of self-directed learning 
through a learning-by-doing approach. E-modules 
integrate various multimedia components—text, 
illustrations, images, videos, and structured practical 
instructions—allowing students to learn gradually and 
independently according to their needs. Studies 
consistently show that e-modules are valid, effective, 
and capable of improving students’ motivation, digital 
literacy, and conceptual understanding in science 
education (Aulia et al., 2022; Oksila et al., 2025; Dewi & 
Mercuriani, 2024; Rahmayanti & Andayani, 2023; 
Nasution et al., 2025). 

Eco-enzyme is a liquid produced from the 
fermentation of household organic waste such as fruit 
peels, vegetable scraps, and sugar, offers strong 
potential as a learning topic within such an e-module. 
Eco-enzyme contains active enzymes and microbial 
metabolites, and international studies demonstrate that 
it accelerates solubilization and degradation of organic 
matter, supporting bioconversion processes such as 
composting and wastewater treatment (Arun & 
Sivashanmugam, 2018; Jiang et al., 2021). Combining 
eco-enzyme with biochar has also been shown to 
enhance nitrogen conservation and modulate microbial 
communities, thus reducing nitrogen loss and emissions 
during composting (Jiang et al., 2022; Jiang et al., 2024). 
Additionally, eco-enzyme is effective in treating 
industrial and dairy wastewater and improving other 
environmental processes (Sambaraju & Lakshmi, 2020). 
Systematic reviews highlight eco-enzyme as a 
sustainable approach to organic waste utilization 
(Pasalari et al., 2024), while other research emphasizes 
its potential in biomass processing and renewable 
energy conversion (Negi et al., 2020). 

The integration of eco-enzyme is highly relevant for 
the Economic Botany and Horticulture course because it 
connects biological concepts—such as fermentation, 
microbial activity, and nutrient cycling—with economic 
values, including the use of fermentation products as 
liquid fertilizers, environmentally friendly products, 
and horticultural business opportunities. Studies show 
that eco-enzyme derived from fruit and vegetable waste 
increases nutrient content and is effective as an organic 
liquid fertilizer (Fadlilla et al., 2023; Permatananda & 
Pandit, 2023). Its fermentation process also produces 

antimicrobial bioactive compounds, making it suitable 
for use in environmentally friendly products (Lubis et 
al., 2025; Eskundari et al., 2021). Community-based 
programs for eco-enzyme production have been shown 
to improve societal literacy regarding organic waste 
management, waste reduction, and eco-enzyme–based 
entrepreneurship (Rohyani et al., 2022; Saidah et al., 
2024). Therefore, incorporating eco-enzyme into an e-
module allows students to learn both theory and 
practice, including production, testing, and application 
of eco-enzyme in horticultural cultivation. 

This material also aligns with Sustainable 
Development Goals (SDGs). It supports SDG 4 (Quality 
Education) by providing relevant, problem-based 
learning, and SDG 12 (Responsible Consumption and 
Production) through the transformation of organic 
waste into valuable products. Eco-enzyme-based 
learning has been shown to improve students’ and 
communities’ scientific literacy in organic waste 
management and simple biotechnology (Susilowati et 
al., 2021). Training programs in various villages likewise 
demonstrate improved understanding of household 
waste reduction and its use in productive applications 
(Eskundari et al., 2023; Rizkiana et al., 2023). Processing 
organic waste into eco-enzyme also helps reduce 
greenhouse gas emissions, supporting sustainable 
consumption and production (Muliarta, 2024). 

The novelty of this study lies in the development of 
an e-module that specifically integrates eco-enzyme 
material within the context of Economic Botany and 
Horticulture in Biology Education in Indonesia. This 
innovation includes structured digital content, hands-on 
practice, and interactive features such as instructional 
videos and QR codes that connect theoretical 
understanding with practical skills. Considering the 
limitations of conventional learning, the need for 
systematic materials, and the relevance of eco-enzyme to 
learning outcomes and SDGs, this e-module serves as an 
important and applicable learning innovation. It is 
expected to enhance students’ conceptual 
understanding, practical skills, and environmental 
awareness in accordance with 21st-century educational 
demands. 

 

Method  
 
This study was conducted from April to August 

2025 in the Biology Education Study Program. A limited 
trial (implementation) was carried out in one class of 
students enrolled in the Economic Horticultural Botany 
course, while the analysis and validation stages involved 
students who had previously completed the course and 
expert lecturers 

This study employed a Research and Development 
(R&D) approach using the ADDIE development model, 
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such as Analyze, Design, Develop, Implement, and 
Evaluate. The ADDIE model was selected because it has 
been proven effective in producing valid, practical, and 
effective e-modules for science learning (Dewi & Ary, 
2024). 

The population consisted of all Biology Education 
students taking the Economic Horticultural Botany 
course. The sample for the limited trial was one 
purposively selected class. A minimum of 30 students 
was used, following the small-scale trial 
recommendations in e-module development research 
(Aninnas et al., 2023). 

The expert validators consisted of three specialists, 
such as a material expert, a media expert, and content 
expert. The involvement of three experts aligns with 
validation procedures reported in e-module 
development studies (Harahap & Hakim, 2024). 

Analysis Stage was conducted using semi-
structured interviews with the course lecturer and 
student representatives to identify learning obstacles, 
content needs, and media preferences (Pitri et al., 2023). 
A literature review from books, articles, and credible 
digital sources was conducted to establish the 
conceptual framework. Curriculum analysis was 
performed to align course indicators, Course Learning 
Outcomes (CLOs), and graduate profiles with the depth 
and scope of content (Afian & Sahratullah, 2023). 

Design Stage, a prototype framework was created, 
consisting of chapter structure, learning objectives, 
concept maps, content flow, illustrations, and 
multimedia integration (videos, images, hyperlinks, and 
QR codes) (Dewi & Ary, 2024). Research instruments—
including expert validation sheets, student response 
questionnaires, and pre-test/post-test item (Aninnas et 
al., 2023). 

Development Stage, content (text, illustrations, 
multimedia) was compiled and integrated into the e-
module layout, and the product was stored in a digital 
repository. Expert validation was conducted on content 
accuracy, display quality, media appropriateness, and 
instructional alignment. Expert comments were used to 
revise the module (Harahap & Hakim, 2024). A small-
scale feasibility trial was then conducted to collect initial 
user responses regarding readability, usability, technical 
performance, and overall appeal (Aninnas et al., 2023). 

Implementation Stage, one class participated in the 
implementation stage. Students completed a pre-test 
before using the e-module. The e-module was then 
implemented during one learning cycle on eco-enzyme 
material. Technical issues were recorded, and assistance 
was provided when necessary. After the learning cycle, 
students completed a post-test to measure 
improvement. A formative questionnaire was also 
administered to assess readability, usability, appeal, 

navigation, and learning experience (Saputra & Octavia, 
2024). 

Evaluation Stage includes formative evaluation 
during the analysis, design, and development stages; 
and summative evaluation during the Implementation 
stage using expert validation, pre/posttests, and user 
feedback. The evaluation determined the e-module’s 
validity, practicality, and effectiveness. Final revisions 
were carried out based on expert and user input (Afian 
(2023). 

The feasibility of the e-module was assessed 
through expert validation, which examined several key 
indicators, including content accuracy, linguistic clarity, 
layout and visual quality, media integration, 
pedagogical alignment, and compatibility with the 
course learning outcomes (CLO) and curriculum profile. 
The feasibility category in which scores of 85–100% 
indicate very feasible, 70–84% feasible, 55–69% 
moderately feasible, and scores below 55% not feasible 
(Aninnas et al., 2023). 

The practicality test was conducted through 
student response questionnaires, focusing on user-
friendliness, readability, ease of navigation, visual 
appeal, device accessibility, and learning engagement. 
The practicality categories classify scores of 85–100% as 
very practical, 70–84% practical, 55–69% moderately 
practical, and below 55% as less practical (Pitri et al., 
2023). 

The effectiveness of the e-module was evaluated 
through improvements in student learning outcomes, 
measured by comparing pre-test and post-test scores.  
Based on established categories, an N-gain value of ≥ 
0.70 indicates high effectiveness, 0.30–0.69 moderate 
effectiveness, and < 0.30 low effectiveness (Dewi & Ary, 
2024) 

 

Result and Discussion 
 
Analysis Stage 

The findings of the needs analysis are summarized 
in Table 1. The needs analysis in Table 1 indicates that 
the current learning process is not yet aligned with CPLs 
that emphasize conceptual and procedural 
competencies. This highlights the need for an e-module 
that offers structured eco-enzyme content and clear 
practical guidance, consistent with findings that well-
organized digital modules enhance conceptual and skill 
development (Hendrawesi et al., 2024). 

The absence of structured and validated teaching 
materials has driven students to rely on unverified 
online sources, creating inconsistent understanding. 
Therefore, an e-module with accurate and credible 
content is essential, supporting earlier reports that 
validated digital modules help standardize learning 
resources and reduce misconceptions (Valfa et al., 2023). 
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Table 1. Needs Analysis Results of the Economic Horticultural Botany Course 
Needs Analysis 

Indicator 

Field Findings Impact on Learning Implications for Eco-Enzyme E-

Module Design 

Alignment of CPL–
CLO 

The lesson plan (RPS) has been 
developed, but the course learning 

outcomes are not explicitly aligned 
with CPL 2 and CPL 9. 

Learning does not clearly 
target conceptual and 

procedural skills. 

Learning objectives need to be 
aligned with CPL 2 and 9. 

Availability of 

Teaching Materials 

No structured teaching materials are 

available; students rely on 
unvalidated internet sources. 

Student understanding is 

inconsistent and not based on 
scientific standards. 

The e-module must provide 

complete, systematic, and 
validated content. 

Need for Procedural 
Skills 

Students are interested in project 
activities (e.g., eco-enzyme), but no 

practical activities are currently 

implemented or measurable. 

Students' procedural skills are 
underdeveloped; learning 

remains theoretical. 

The e-module must include step-
by-step eco-enzyme project 
procedures and evaluation 

instruments. 
Media Preferences Students require interactive and 

easily accessible digital media. 
Learning becomes less 

engaging and does not support 

independent study. 

The e-module must incorporate 
multimedia elements (images, QR 

codes, videos, process 
illustrations). 

Learning Approach Practical or project-based activities 
have not yet been implemented in 

class. 

Learning lacks 
contextualization and does not 

sufficiently foster skill 

competencies. 

The e-module must adopt a 
project-based and inquiry-based 

learning approach. 

 
Although students are interested in eco-enzyme 

projects, practical activities have not been implemented 
and lack evaluation tools. The inclusion of step-by-step 
procedures, observation sheets, and rubrics aligns with 
evidence that project-based and problem-based e-
modules significantly improve students’ science process 
skills (Dewi & Mercuriani, 2024). 

Students’ preference for interactive digital media 
supports integrating videos, QR codes, and illustrations. 
Multimedia features are shown to increase motivation 
and improve understanding of complex processes (Sari 
& Halim, 2021), making them essential for independent 
learning. 

The analysis also shows that project-based and 
inquiry-based approaches have not been applied in 
class. Incorporating these approaches into the e-module 
aligns with research demonstrating their effectiveness in 
strengthening students’ critical and exploratory 
thinking (Rahayu et al., 2024). 

Compared with previous e-module developments, 
the eco-enzyme e-module offers broader value by 
combining structured content, multimedia, practical 
procedures, and a sustainability context through organic 
waste bioconversion. This makes it highly relevant for 
enhancing conceptual understanding, process skills, and 
environmental awareness. 
 
Design Stage 

The design stage produced a complete structure for 
the eco-enzyme e-module, visually shown in Figure 1. 
Each component—including the cover, table of contents, 
conceptual explanations, fermentation diagrams, 
production guide, project sheets, and evaluation was 
developed to ensure clarity, alignment, and ease of 
navigation. Such structured organization aligns with 
effective e-module design principles reported in recent 
science education studies (Hendrawesi et al., 2024; Valfa 
et al., 2023). 

 
Table 2. Structure and Components of the Eco-Enzyme E-Module 

Component Description Multimedia Features 

Cover Displays the title of the e-module (E-Module for Economic Horticulture 
Botany), course information, and authors (Akram & Dwi Setyorini), along with 

the “Based On” label. 

Visual layout, 
typography 

Preface Provides the background, purpose, and context of the e-module development. Texts 
Table of Contents Lists chapters, subchapters, figures, and tables for easy navigation. PDF navigation 

Learning Objectives Contains five learning objectives and a table mapping the alignment between 
CPL (Program Learning Outcomes), CPMK (Course Learning Outcomes), and 

module objectives. 

CPL–CPMK alignment 
table 

What Is Eco-
Enzyme? 

Explains the definition, history, and originators of eco-enzyme (Dr. Rosukon, 
Dr. Joean Oon, Era Tan), along with its basic functions. 

Illustrations, icons 

Why Should We 
Produce Eco-
Enzyme? 

Discusses organic waste issues, environmental impacts, greenhouse gas 
emissions, ecological benefits, and connections to SDGs. 

Icons, conceptual visuals 
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Component Description Multimedia Features 

Microbes in Eco-
Enzyme 

Fermentation 

Describes bacteria, yeasts, and molds involved in fermentation; includes a 
table summarizing microbial species and their roles. 

Microbial function table, 
conceptual diagrams 

Biochemical 
Fermentation Process 

Presents a biochemical flowchart showing the formation of organic acids, 
ethanol, CO₂, and microbial metabolites during fermentation. 

Fermentation process 
diagram 

Eco-Enzyme 
Production Guide 

Provides the ingredient ratio (3:1:10), tools and materials, step-by-step 
procedure, fermentation duration, degassing techniques, and troubleshooting. 

Ratio table, material 
composition graphics, 

procedural icons 

Functions and 
Derivative Products 

Describes eco-enzyme applications in agriculture, livestock, drainage, 
household activities, and health; includes derivative products such as liquid 

soap, aromatic eco-enzyme, pitera, “mama enzyme,” and solid fertilizer. 

Usage summary table, 
function icons 

Independent Practice 
(Project-Based 

Activity) 

Guides students through a practical eco-enzyme production project using a 12-
week observation sheet and reflective questions. 

Observation table, 
instructional icons 

Supporting Learning 
Media 

Provides QR codes and links to YouTube videos relevant to eco-enzyme 
production. 

QR codes, hyperlinks 

Summary Summarizes key concepts, including definitions, benefits, microbial activity, 
fermentation processes, and applications. 

Texts 

Evaluation Contains 50 multiple-choice questions (C3–C5), instructions, and an answer 

key. 

Assessment format 

FAQ Provides answers to common questions regarding fermentation, materials, 
failure indicators, benefits, aroma, and safety. 

Texts 

Glossary Defines key terms related to fermentation and eco-enzyme. Texts 
References Contains more than 40 scientific sources related to eco-enzyme, microbiology, 

and environmental applications. 

Texts 

 
Figure 1. Visual overview of the eco-enzyme e-module 

developed during the Design Stage 

 
Conceptual sections, including the definition, 

microbial roles, and biochemical processes, were 
supported with tables, illustrations, and flowcharts. 
Integrating multiple visual formats has been shown to 
improve students’ comprehension of complex scientific 
concepts (Sari & Halim, 2021). Meanwhile, procedural 
features—such as ingredient ratios, step-by-step 

fermentation, degassing, and troubleshooting—follow 
recommendations from PBL-based e-module research 
demonstrating that clear workflows enhance students’ 
science process skills (Dewi & Mercuriani, 2024). 

The module’s project-based “Independent 
Practice” section provides observation sheets and 
reflective questions, aligning with findings that PBL- 
and inquiry-integrated e-modules strengthen critical 
thinking and contextual understanding (Rahayu et al., 
2024). Additionally, the integration of QR codes and 
multimedia supports evidence that digital interactivity 
increases student motivation and autonomy. 

Compared with e-modules developed in previous 
studies, this eco-enzyme module is more comprehensive 
because it integrates conceptual explanations, 
procedural guidance, multimedia features, and 
sustainability aspects through organic waste 
bioconversion. The guided-inquiry elements embedded 
in the module are also supported by research showing 
that inquiry-based e-modules promote deeper scientific 
reasoning and independent exploration (Maulia et al., 
2024). 

 
Development Stage  

During the Development Stage, the eco-enzyme e-
module was refined through expert validation, as 
summarized in Tables 3 and 4, and visualized in Figure 
2. The inclusion of images showing the eco-enzyme 
samples, QR-based learning media, and evaluation 
pages directly responds to the reviewer’s request to 
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present the developed module at each ADDIE stage. 
These visuals demonstrate the completeness of the 
module’s features, including multimedia integration, 
procedural guidance, and assessment components. 

The expert validation results show very high 
feasibility across content (90%), media (88%), and 
instructional design (86%). This demonstrates that the 

module not only meets academic standards but is 
structurally sound and pedagogically coherent. Such 
findings are consistent with recent e-module 
development research, which emphasizes that iterative 
expert review significantly improves clarity, accuracy, 
and usability (Hendrawesi et al., 2024; Maulia et al., 
2024). 

 
Table 3. Expert Validation Results of the Eco-Enzyme E-Module 
Validation Aspect Assessment Indicators Validator Score Feasibility Category 

Content Validation Accuracy of material, clarity of concepts, 
completeness of eco-enzyme topics (history, microbial 

roles, biochemical processes), alignment with CPL–

CPMK, relevance to course needs 

90% Very feasible 

Media Validation Visual quality, layout consistency, readability, 

appropriateness of images, effectiveness of QR codes 
and video links, color and typography consistency 

88% Very feasible 

Instructional Design 

Validation 

Clarity of learning objectives, coherence between 

objectives–materials–evaluation, logical presentation 
flow, effectiveness of project instructions, systematic 

organization of content 

86% Very feasible 

Table 4. Expert Suggestions and Revisions 
Aspect Reviewed Expert Suggestions Revisions Implemented 

Learning Objectives Refine operational verbs to ensure measurable 
and observable outcomes aligned with CPL 

and CPMK. 

Revised learning objectives using measurable 
verbs consistent with Bloom’s taxonomy. 

Content Completeness & 
Accuracy 

Add more detail on the history and functions 
of eco-enzyme, including environmental 

relevance. 

Expanded descriptions of eco-enzyme history, 
roles of developers, and ecological benefits. 

Multimedia Integration Increase consistency, quality, and placement 
of images, diagrams, and QR codes. 

Standardized image quality, improved diagram 
layout, and embedded verified QR codes. 

Visual Layout and 
Consistency 

Improve color scheme, spacing, alignment, 
and typography across pages. 

Updated layout, unified fonts and colors, 
improved readability and visual balance. 

Procedural Instructions Provide clearer step-by-step project 
instructions and troubleshooting notes. 

Added numbered steps, process timeline, safety 
notes, and troubleshooting section. 

Evaluation Section Ensure test items assess multiple cognitive 

levels and align with objectives. 

Revised evaluation items to include C3–C5 levels 

and ensured alignment with objectives. 

  
Figure 2. Visual overview of the eco-enzyme e-module 

developed during the develop stage 

 
Further refinement was conducted by revising 

learning objectives, completing historical and microbial 
content, improving layout consistency, standardizing 
images, and enhancing step-by-step project instructions. 
These actions align with studies showing that e-modules 
with strong conceptual structure and clear procedural 

flow lead to better student comprehension and 
performance in science learning (Dewi & Mercuriani, 
2024; Khairunnisa et al., 2024). 

The module’s procedural and multimedia 
features—such as ingredient ratio tables, fermentation 
workflow diagrams, safety notes, QR-code-linked 
videos, and troubleshooting guidance, provide a 
comprehensive learning experience. Similar 
multimedia-supported e-modules have been found to 
increase student motivation, engagement, and 
understanding of complex processes (Valfa et al., 2023; 
(Siswati et al., 2024). 

Compared with other e-modules in previous 
studies, which typically emphasize conceptual 
explanation or guided inquiry alone, the eco-enzyme e-
module developed in this study is more holistic. It 
integrates conceptual content, procedural activities, 
project-based learning, inquiry-based reflection, and 
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sustainability values through organic waste 
bioconversion. This aligns with research demonstrating 
that e-modules combining inquiry and real-world 
application promote deeper scientific reasoning and 
independent exploration (Rahayu et al., 2024). 
 
Implementation Stage 

The Implementation Stage tested the eco-enzyme e-
module in real classroom settings, as shown in Figure 3. 
This image evidence addresses the reviewer’s request to 
display the actual module during the ADDIE stages. 
Students used the module during conceptual learning 
and practical fermentation activities, demonstrating that 

the module functions effectively both as a digital 
reference and as a project-based guide. 

The practicality results in Table 5 indicate that the 
module is “very practical” across all indicators, with 
high usability (88%), readability (86%), visual appeal 
(87%), accessibility (85%), and engagement (89%). These 
findings confirm that students can easily navigate the 
module, understand its content, and stay motivated 
throughout the learning process. Similar patterns have 
been observed in earlier e-module studies, where clear 
structure and multimedia integration significantly 
improve practicality and learner experience 
(Hendrawesi et al., 2024; Doyan et al., 2020; Dewi & 
Mercuriani, 2024). 

 
Table 5. Student Practicality Test Results 
Practicality Aspect Indicators Student Score Category 

Usability Ease of navigation, user friendliness 88% Very practical 

Readability Clarity of language, consistency of terms, comprehension level 86% Very practical 
Visual Appeal Layout, aesthetics, color consistency, image quality 87% Very practical 

Accessibility Device compatibility, offline usability, loading performance 85% Very practical 
Engagement Motivation, interest, and interactivity during use 89% Very practical 
Overall Practicality Composite score of all indicators 87% Very practical 

 
Figure 3. Classroom implementation of the eco-enzyme e-

module 
 

The strong engagement score is supported by 
observable practices in Figure 3, where students are 
actively recording observations, measuring 
fermentation materials, and discussing findings while 
referring to the module. This reflects previous research 
showing that e-modules designed with inquiry, project-
based tasks, and real-world applications enhance 

student participation and scientific involvement 
(Rahayu et al., 2024; Valfa et al., 2023). 

In terms of readability and multimedia design, 
students benefited from the consistent terminology, 
illustrated fermentation workflows, ratio charts, QR 
codes, and video explanations. These features are 
aligned with research concluding that multimodal 
representations improve comprehension and reduce 
cognitive barriers in science learning (Sari & Halim, 
2021; Siswati et al., 2024). The accessibility results also 
support earlier findings that mobile-friendly and offline-
enabled modules allow flexible learning across devices 
and learning environments (Khairunnisa et al., 2024). 

Compared with e-modules in previous studies, 
which often focus only on conceptual mastery or guided 
inquiry alone, the eco-enzyme e-module in this study 
offers a broader scope. It integrates conceptual 
explanations, practical fermentation procedures, 
multimedia elements, scientific observations, and 
sustainability values. This combination aligns with 
recent findings showing that comprehensive digital 
modules foster deeper scientific reasoning, process skill 
development, and environmental awareness (Maulia et 
al., 2024). 

 
Evaluation Stage 

The Evaluation Stage showed that the eco-enzyme 
e-module produced substantial learning gains, with 
students’ average scores rising from 62.4 in the pre-test 
to 91.2 in the post-test, resulting in an N-gain of 0.77 
categorized as high effectiveness. This improvement 
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demonstrates that the e-module successfully enhanced 
both conceptual understanding and procedural 
competence. These findings are consistent with previous 
e-module studies that reported significant cognitive 
gains when digital modules were designed with clear 
conceptual sequences and structured activities (Andrean 
et al., 2024; Dewi & Mercuriani, 2024). 
 
Table 6. Pre-Test, Post-Test, and N-Gain Effectiveness 
Scores 
Assessment Type Mean Score Interpretation 

Pre-Test 62.4 - 

Post-Test 91.2 - 
N-Gain 0.77 High effectiveness 

 
To address the reviewer’s concern regarding the 

absence of visual evidence, this study includes visual 
documentation of the module across the ADDIE stages: 
the layout and structure during the Design Stage (Figure 
1), the multimedia and interactive components 
produced during the Development Stage (Figure 2), and 
the photos of students using the module during 
classroom implementation (Figure 3). These visuals 
confirm that the e-module was not only designed but 
fully developed and applied in authentic learning 
settings, illustrating its real-world functionality and 
responsiveness to learner needs. 

The strong effectiveness is further reinforced by the 
results obtained during the Development and 
Implementation stages. Expert validation demonstrated 
very high feasibility, with content validity reaching 90%, 
media quality 88%, and instructional design 86%. These 
results indicate that the e-module meets scientific 
accuracy, multimedia quality, and pedagogical 
alignment standards, in line with research showing that 
expert-validated modules produce more reliable 
learning outcomes (Hendrawesi et al., 2024; Maulia et 
al., 2024). Likewise, the practicality test yielded an 
overall “very practical” score of 87%, with high ratings 
in usability, readability, visual appeal, accessibility, and 
engagement. This pattern reflects findings that well-
structured and user-friendly e-modules significantly 
enhance learner motivation and ease of use (Khairunnisa 
et al., 2024; Sari & Halim, 2021; Siswati et al., 2024; Valfa 
et al., 2023). 

Compared with e-modules in previous studies, 
which often emphasize either conceptual mastery, 
multimedia visuals, or inquiry scaffolding, the eco-
enzyme e-module developed in this study offers a more 
comprehensive approach. It integrates validated 
conceptual explanations, detailed step-by-step 
fermentation procedures, QR-based multimedia 
resources, structured observation tasks, and 
sustainability-based project activities. Research in 
science education supports that such integrated 

designs—combining conceptual, procedural, and 
contextual elements—produce deeper scientific 
reasoning and more consistent mastery of science 
process skills (Maulia et al., 2024; Rahayu et al., 2024). 

 

Conclusion 
 
This study concludes that the eco-enzyme e-module 

developed through the ADDIE model is valid, practical, 
and highly effective in improving students’ conceptual 
understanding and procedural skills, as shown by high 
expert validation scores, strong practicality ratings, and 
a high N-gain value. These results indicate that well-
designed digital modules that integrate clear conceptual 
explanations, multimedia features, and project-based 
activities can enhance science learning more broadly, 
suggesting that the approach used here can be applied 
to other biology and environmental science topics. 
Practically, the e-module offers a ready-to-use learning 
resource that supports independent study, promotes 
inquiry and project-based learning, and fosters 
environmentally responsible behavior through real-
world eco-enzyme production. However, the study is 
limited to one course and a single student group; 
therefore, future research should test the module in 
broader contexts and explore its long-term impact on 
scientific literacy and sustainability awareness. 
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