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ABSTRACT  

 

The quality of education must always be improved to get 

maximum results. One way to improve it is by developing 

learning media. For this reason, researchers developed an 

Interactive E-module product containing Ecology topic in 

Biology Learning as a supplement to learning. An interactive e-

module is an electronic module that contains materials, videos, 

audio, animations, quizzes, and evaluations, which allow 

students to study independently. This descriptive research 

consists of three main stages, Planning, Project, Evaluation 

(PPE). The interactive e-module developed was using the Canva 

web, then the file was saved as a PDF, after editing was 

continued using the Flip PDF Professional application. The 

product was then validated by a material expert and media 

expert. After going through validation and revision according 

to the suggestions, the product was tested on Biology teachers 

and students of class X science. The score from the teacher's 

assessment is 79.76% in the "Eligible" category. Assessment 

from students got a score of 80% in the "Eligible" category. 

Based on the results, the interactive E-module developed by 

the researcher was feasible to be used in the field in terms of 

valid and practical feasibility. 
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INTRODUCTION  
 

Based on field observations by researchers using interviews with Biology teachers, and 

questionnaires given to class X IPA MA Raudlatus Shibyan students, information was obtained that 

students' learning resources were unfamiliar with discussing global issues that were currently 

happening and trying to come up with alternative solutions to solving problems. In addition, in 

learning the availability of learning resources is still limited to textbooks provided by schools. 

Meanwhile, it is also known that all students have cell phones but have not been fully utilized to 

support the learning process. The skills of solving problems, collaborating, and using advances in 

technology and information for learning need to be provided to students. One approach that can 

be used in 21st century learning is the STEM approach (Triana et al., 2020; Utomo et al., 2020; 

Wahono et al., 2020). Mater et al. (2022) stated that through STEM-based learning trains students 

in solving problems in everyday life, understanding complex concepts and applying them. In 

addition, students respond positively to STEM learning so that the STEM approach is appropriate 

in learning science. 

The STEM approach also has its own urgency that is relevant to the goals of the 2013 

curriculum, because by using STEM as a learning approach, students will have the ability to think 

critically, creatively, innovatively, and be able to solve problems in their surroundings (Karnuriman 

et al., 2019; Sartika, 2019). In addition, research shows that STEM education in Indonesia is 

considered effective for student learning outcomes in scientific literacy skills, creative thinking, 

critical thinking, and problem-solving skills in everyday life (Amin et al., 2022; Ardianti et al., 2020; 

Fitriyah & Ramdani, 2021; Khotimah et al., 2021; Ozkan & Umdu, 2021). The term STEM is an 

acronym for 4 disciplines, namely Science, Technology, Engineering, and Mathematics. STEM 

learning is a learning process that develops approaches to science, technology, engineering, and 

mathematics, as a focus for solving problems in everyday life (Hermansyah, 2020). The learning 

method that can be integrated with the STEM approach is PjBL (Project Based Learning). The 

syntax for the PjBL-STEM method is reflection, research, discovery, application, communication. 

One strategy for introducing and teaching STEM to students is through e-modules. E-

modules or electronic modules are independent learning devices that are systematically arranged, 

displayed in electronic form that contain audio, animation, and navigation (Seruni et al., 2019). 

Another definition describes the electronic module as an innovation from the development of 

printed modules, and can be accessed via a computer connected to software that supports access 

to e-modules. E-modules are considered interactive because there are images, audio, video, 

animation displays, and are also equipped with tests or quizzes that can be used as evaluation 

material for teachers. The characteristic of interactive e-modules is that they make students self-

instructional because the teaching materials in interactive e-modules can teach students 

independently (Fausih & Danang, 2015). In addition, interactive e-modules are practical 

innovations from learning media that contain teaching materials in a more interesting, practical, 

and efficient manner (Zukmadini et al., 2022). Research by Mutmainnah et al. (2021), states that 

the use of interactive e-modules shows an increase in learning outcomes and expands student 

knowledge. 

Ecology material is one of the contents in Biology class X SMA/MA equivalent. The sub-

materials in ecological material are ecosystem components, energy flows, biogeochemical cycles, 

and interactions within ecosystems. Delivery of ecological material must be maximized due to the 

fact that there are still many students who do not understand, and have misconceptions about 

ecological material. The results of Purwanti & Kuntjoro (2020) research revealed that there were 

still many students who did not understand and had misconceptions about ecological material, 

namely 15.21% did not understand, and 61.72% had misconceptions. Similar research by Jahidin 

& Rabani (2018) showed that 64% of students who were research subjects experienced 

misconceptions. The highest misconception is in the conservation sub-material, and the lowest is 

in the symbiosis material. Based on this, it is necessary to develop STEM-based interactive e-
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modules on ecological material which is expected to be a supplement that supports the learning 

process of ecological material. 

 

METHODS 

 
This research is a descriptive research that describes the e-module development process. Product 

development is carried out using the Richey & Klein model, namely Planning, Project, and 

Evaluation (PPE). The description of the development steps in this research is as follows: 

a) Planning  

The design stage is carried out by analyzing the needs of the field, analyzing the 

curriculum, and studying the literature. The purpose of the design stage is to find out what 

products are needed in the field, and the facts supporting these needs, so that they can 

provide an overview of product designs for researchers to develop. 

b) Project  

Based on several analyzes that have been carried out by researchers, the next stage is the 

preparation of interactive e-modules using the Canva and Flip PDF Professional 

applications. The preparation begins with creating an e-module structure consisting of an 

initial section, a content section, and a closing section 

c) Evaluation  

Interactive e-modules that have been designed using the Canva application, and then 

compiled using the Flip PDF Professional application, are then validated by material 

experts and media experts, in order to obtain a product validity value. After going through 

validation and revision according to the suggestions, interactive e-modules were given to 

biology teachers and students to be assessed, so that teachers and students' responses 

could be known. Assessment scores by teachers and students are used to determine the 

practicality of the product. 

 

The data collection instruments used were preliminary study instruments, expert and media 

validation instruments, teacher trial instruments, and product trial instruments adapted from 

Prihatiningtyas et al. (2021) (Table 1-2). 

 

Table 1. Likert scale gradations of expert assessment and teacher trials 

Quality Score 

Very Good 4 

Good 3 

Not Good 2 

Very Less Good 1 

 

Table 2. Product trial likert scale gradations 

Quality Score 

Strongly agree 5 

Agree 4 

Doubt 3 

Disagree 2 

Strongly Disagree 1 

 

 

The data obtained will be added up, compared with the expected score, so that a percentage 

will be obtained and will be analyzed, using the following formula:  

 

% =
𝑉𝑎𝑙𝑖𝑑𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑠𝑢𝑙𝑡 𝑠𝑐𝑜𝑟𝑒

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑠𝑐𝑜𝑟𝑒
× 100% 
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After getting the percentage results, the data will be qualified for the feasibility level using 

the feasibility level intervals in the following table 3:  

 

Table 3. Eligibility criteria for assessment by members and teachers 

Achievement Level Qualification Information 

90%-100% Very Eligible No Revision Required 

75%-89% Eligible Revision 

65%-74% Decent Enough Revision 

55%-64% Less Eligible Revision 

0%-54% Not Eligible Revision 

 

RESULTS AND DISCUSSION 

 
The following shows an interactive e-module display on the topic of ecology that was successfully 

developed in this study.   

1) First section 

The initial part of the interactive e-module contains the front cover, preface, instructions for 

use for teachers and students, table of contents, concept maps, basic competencies (KD) and 

indicators, and learning objectives. In the table of contents and concept map sections, there is 

navigation to get to the desired page by clicking on the table of contents or concept map chart 

(Figure 1).   

2) Content section 

The content section of the interactive e-module contains a description of ecological material 

delivered using the PjBL-STEM syntax, namely Reflection, Research, Discovery, Application, and 

Evaluation (Figure 2).   

3) End section 

The end section of the the interactive e-module consists of a glossary, bibliography, author 

biography, motivational sentences, and back cover (Figure 3). On the back cover there is a 

feature for downloading interactive e-modules, so that it can be accessed offline.  
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Figure 1. The first part of the interactive e-module 
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Figure 2. The content section of interactive e-module 

 

 

 

(a) 
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(b) 

 

(c) 

 

(d) 

Figure 3. The closing part of the interactive e-module 
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The results of the validity and practicality tests of STEM-based interactive e-modules on the 

topic of ecology are as follows.   

1. Percentage of e-module validation score by material expert 

Material validation was carried out by a lecturer in the Tadris Biology study program, Faculty of 

Tarbiyah IAIN Kudus. The percentage scores of various indicators are presented in Figure 4. The 

average score obtained from various aspects is 98.12% with the category "very feasible to use". 

The conclusion from the material validation stage is that the product is declared fit for use in 

the field with revisions according to suggestions. The suggestions from material experts are as 

follows: (1) the abiotic definition is revised; (2) the application syntax is revised to better show 

the use of the STEM method, and (3) it is also uniform in all learning activities.  

 

 
Figure 4. Percentage of ecological interactive e-module validation scores by material experts. 

Description: 1) Aspects of presentation: a) presentation techniques, b) presentation of learning, c) 

presentation support; 2) The quality of the content: a) the accuracy of the material, b) the suitability 

of the material with KD, c) encourages students' curiosity, d) the latest material; 3) Language: a) 

straightforward, b) communicative, c) effective; 4) Use of the STEM approach: a) components of 

the STEM approach in the PjBL syntax.  

 

2. Percentage of e-module validation score by media experts 

Media validation was carried out by a Tadris Biology lecturer, Faculty of Tarbiyah IAIN Kudus. 

The media validation percentage score is presented in Figure 5. The average score obtained 

from various aspects gets a percentage of 93.25% in the "very feasible to use'' category. The 

conclusion from the media validation, the product is declared fit for use in the field with 

revisions according to the suggestions. The suggestions from media experts are as follows: (1) 

page 4, namely the concept map can be clicked on the chart column to go to the page; (2) the 

quiz is given a discussion, not just the key answer; (3) on the page of the learning activities sub-

chapter, the word "learning activities'' does not need to be separated; and (4) on learning 

activities, three syntaxes of application add communication.   
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Figure 5. Percentage of ecological interactive e-module validation scores by media experts. 

Description: 1) Display of teaching materials: a) clarity of use of letters, b) display of videos, 

pictures, animations, and interactive quizzes, c) attractiveness of appearance; 2) Ease of use: a) 

practicality, b) convenience.  

 

3. Percentage of e-module assessment scores by teachers 

The score for the interactive e-module assessment by biology teacher MA Raudlatus Shibyan is 

shown in Figure 6. The assessment by teachers serves to find out the teacher's response to the 

e-module, and solicits input suggestions for product revisions. The average percentage gain 

from these various aspects is 79.76%, with the category "Decent". For suggestions and input, 

the teacher does not provide suggestions for revising the e-module. Based on the score 

obtained and the teacher's response, the interactive e-module for class X ecological material 

can be used in the field as a learning medium and teaching material.  

 
Figure 6. Percentage of e-module assessment scores by teachers. Notes: 1) Content: a) 

accuracy of the material, b) suitability of the material with KD, c) encourage students' curiosity; 

2) Presentation: a) presentation technique, b) presentation support; 3) Language: a) 

straightforward, b) communicative and interactive, c) compliance with good and correct 

Indonesian rules; 4) Appearance: a) clear use of letters, b) display of videos, images, animations, 

and interactive quizzes, c) attractiveness of appearance; 5) Ease of: a) ease of use of interactive 

e-modules; 6) Use of the STEM approach: a) components of the STEM approach in the PjBL 

syntax.  
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4. E-module assessment scores by students 

The percentage of e-module assessment scores by students is shown in Figure 7. The average 

score for this percentage is 80% in the "decent" category. Based on the acquisition of student 

assessment scores, interactive e-modules on ecological material are suitable for use in the field 

as media and learning resources.   

 
Figure 7. Percentage of e-module assessment scores by students. Information: a) presentation, b) 

material, c) language, d) pictures, e) benefits, f) ease of use, and g) use of learning approaches.  

 

The results of product validation and assessment in this study are consistent with research 

by Zukmadini et al. (2022), entitled "Development of the COVID-19 Information Integrated E-

Module to Improve Biology Learning Outcomes'', this study stated that the e-module has a very 

valid category and is suitable for use by various expert assessors ranging from material experts, 

teaching materials experts, and practitioners (teachers) reach more than 85%. Similar research by 

Syafriah & Bachri (2017), entitled "Development of E-Modules in Biology Subject Subject Animalia 

Invertebrata for Class X Students at SMA Negeri 1 Dawarblandong Mojokerto Regency'', stated that 

the product validation results obtained a score of 87.5% by material experts, 85.7% by media 

experts, and 90.3% in large-scale tests on students. In addition, this study also measured student 

test results which increased, so that all the product has a valid, practical and effective category 

(Syafriah & Bachri, 2017). Another similar study by Prihatiningtyas et al. (2021) entitled "Interactive 

Media E-Module Biological Biology Material as a Support for Online Learning at MAN 3 Jombang'' 

explains that, the interactive e-module developed obtained a material validation score of 83.32% 

with the category feasible, and material validation of 93.76% with a very feasible category. 

Assessment by students as a response to users gets a score of 78.5% in the "Good" category 

(Prihatiningtyas et al., 2021). Based on the results of existing research, it can be concluded that the 

development of STEM-based interactive e-modules on the topic of ecology is feasible for use in 

the field and gets good responses from students.   

 

CONCLUSION 

 
STEM-based interactive e-modules on ecology materials are compiled using the Canva and Flip 

PDF Professional applications, then stored in the form of links that students can access and 

download using gadgets. Ecology materials in interactive e-modules are presented using the PjBL-

STEM method, accompanied by clear pictures and videos, animations, quizzes, and assignments. 

The interactive e-module was validated by material experts and media experts, respectively 

scoring 98.12% and 93.25% in the "Very Eligible" category. Assessment by teachers and students 
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gave a good response with a score of 79.76%, and 80% respectively in the "Decent" category. The 

results of product validation and assessment show that the product meets the eligibility category 

on valid and practical aspects, so that the product can be used in the field.   
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