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Abstract: The rapid advancements in science and technology have necessitated the adaptation 
of biology education to enhance students' understanding and critical thinking skills, aligning with the 
demands of the 21st century. The development of digital modules based on the Science, 
Environment, Technology, and Society (SETS) framework represents an innovative approach to 
facilitate students' learning by seamlessly integrating theories from science, environment, 
technology, and society. This research adopts the Research and Development methodology, 
employing the ADDIE development model. The digital module's development underwent validation 
by four experts, comprising two media experts and two material experts. The validation results 
yielded a 90% agreement from media experts and an 85% concurrence from material experts, 
indicating the suitability of the digital module on environmental change, grounded in the SETS 
framework, for educational use. The developed module was subjected to testing using a one-group 
pretest-posttest design, followed by the analysis of the obtained data through paired sample t-tests. 
The analysis results indicate a significant improvement in both conceptual understanding and critical  
thinking skills following the utilization of the module. Hence, this module is recommended for use in 
biology education, particularly in the context of environmental change materials. 
Keywords: Digital modules, environmental change, SETS, thinking skills 

 

 
 

Introduction 
 
The challenges of 21st-century learning necessitate students to acquire both learning abilities and life 
skills to confront future challenges (Geisinger, 2016; Soulé & Warrick, 2015). Meeting these demands 
necessitates that education equips and readies students with skills and competencies suitable for the 
global era (Kivunja, 2014a, 2014b). The development of the educational curriculum strives to enhance 
21st-century skills, resulting in the cultivation of specific competencies. These competencies encompass 
communication, collaboration, critical, and creative thinking, collectively referred to as the 4Cs (Astuti et 
al., 2019; Soulé & Warrick, 2015). Attaining this competency is contingent upon their ability to grasp 
fundamental concepts. Understanding concepts related to the ability to explain the relationship between 
concepts, apply concepts and be precise in solving problems. Understanding concepts becomes a basis 
for gaining thinking skills. 
One of the thinking skills that students must have is critical thinking  (Chalkiadaki, 2018; Dwyer et al., 
2014). Critical thinking can lead students to be able to analyze a phenomenon that occurs and requires 
students to continue to learn from everything that happens (Facione, 2015). Critical thinking has higher 
levels such as analysis, synthesis, evaluation, drawing conclusions and reflection that make students 
evaluate in class or life. Someone who has critical thinking skills will be able to solve problems from 
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various points of view more optimally (Ennis, 2015). 
Unfortunately, many students have demonstrated a relatively low level of understanding of concepts and 
critical thinking (Elisanti et al., 2018; Fauzi, 2019; Fitriani et al., 2022). This deficiency is often attributed 
to the prevailing educational practices (Ramdiah et al., 2019), which tend to neglect students' ideas, 
concepts, and thinking capabilities. Biology education, in particular, is often characterized by rote 
memorization, note-taking, and imitation, which are deemed inadequate for achieving the intended 
learning outcomes (Lestari & Parmiti, 2020). Therefore, there is a pressing need for solutions aimed at 
enhancing conceptual understanding and critical thinking among students. 
The solution to improving students' understanding of concepts and critical thinking can be done by 
providing learning media so that students are able to understand concepts and develop their thinking 
skills optimally. Learning media that can be applied in learning and help students learn are modules. 
Modules can be described as structured learning resources using language that is easy for students to 
understand and learn independently. Modules have the main characteristics as learning resources which 
are their advantages, namely self-instructional, self-contained, adaptive and use friendly. Modules can 
be used as an alternative among other learning resources that can support students in learning. 
The utilization of Science, Environment, Technology, and Society (SETS) as an instructional approach 
holds a significant role in the education, particularly in enhancing students' conceptual understanding 
and critical thinking skills (Usmeldi et al., 2017). Students' comprehension of complex scientific concepts 
and their ability to think critically are pivotal for their overall competencies. Traditional biology teaching 
methods that emphasize rote memorization and passive learning have proven inadequate in fostering 
these essential skills. On the other hand, SETS, as an interdisciplinary approach, offers a holistic 
perspective on science, emphasizing the interconnectedness of knowledge and its practical applications 
in real-world contexts. By adopting SETS-based strategies, teacher can empower students to explore, 
reason, and analyze scientific concepts in depth, encouraging them to become active participants in their 
own learning experience (Fitri & Anhar, 2019). 
As science and technology advances, digital-based teaching materials are being developed. Digital 
modules as an innovation medium are prepared to support and make it easier for students to learn. 
Digital modules are also referred to as comprehensive independent learning resources with instructions 
for self-study (Kuncahyono, 2018). Digital media can accommodate students in optimizing 
understanding, providing interesting data, supporting data interpretation and obtaining information. In 
addition, digital media can cause the learning process to become active, thereby improving the qu ality 
of learning (Clark & Mayer, 2016; Lin et al., 2017). 
The presence of SETS-based digital biology modules is expected to make it easier for students to master 
concepts and develop critical thinking processes with phenomena in life that are integrated through 
science, environment, technology and society. Students are able to study independently and explore 
information from the SETS-based biology module as a whole. The SETS approach can complement 
digital modules so that students can continue to be active and improve their understanding of learning. 
Critical thinking can also be improved by using the module (Selviani, 2019). Another study have also 
analyzed the impact of SETS on student thinking skills (Usmeldi et al., 2017). Other research endeavors 
have seen the development of SETS-based modules (Hayati et al., 2019; Rahma et al., 2017). However, 
research that packages SETS into digital modules and assesses its influence on conceptual 
understanding and critical thinking remains scarce. Hence, the objective of this study was to create digital 
modules incorporating the SETS approach within the context of environmental change materials with the 
aim of enhancing student conceptual understanding and critical thinking. 
 
Method 
 

Research design 
This study uses research and development with the ADDIE (Analysis, Design, Development, 
Implementation and evaluation) development model. Product development in the form of SETS-based 
environmental change digital modules to improve students' conceptual understanding and critical 
thinking. This research involved 34 students of class X MIPA 2 SMA (Senior High School) Cahaya 
Fadilah Jakarta in the Even Semester of the 2022/2023 academic year which were selected by purposive 
sampling. The one-group pretest-posttest research design was implemented when the product was 
implemented. 
 
Research instrument  
The test instruments used are conceptual understanding instruments and critical thinking instruments. 
The instrument for understanding the concept is in the form of multiple choice questions for the pretest 
and posttest. The test instrument consists of 11 valid questions out of a total of 12 questions which refer 
to indicators of understanding the concept. The conceptual understanding test instrument grid can be 
seen in Table 1. The instrument will be tested for validity before testing the instrument. Calculation of 
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instrument validity with coefficients and validity criteria can be seen in Table 2. Next, critical thinking test 
instrument is in the essay form. The test instrument consists of 19 valid questions out of 24 the number 
of questions which refer to indicators of critical thinking can be seen in Table 3. 
 
 
Table 1. Concept understanding test instrument grid 

No Concept Understanding Indicator Question Item Number 

1 Remember 1*, 2 
2 Understand 3, 4 
3 Apply 5, 6 
4 Analyze 7, 8 
5 Evaluate 9, 10 
6 Create 11, 12 

 
Table 2. Coefficients and validity criteria 

Coefficient Criteria Question Item Number 
0.81 – 1.00 Very high - 
0.61 – 0.80 High 12 
0.41 – 0.60 Enough 2, 3, 4, 5, 6, 8, 9, 10, 11  
0.21 – 0.40 Low 7 
0.00 – 0.20 Very low 1* 

 
Table 3. Critical thinking test instrument grid 

No Critical Thinking Indicator Question Item Number 
1 Focusing questions 1*, 2 
2 Analyze questions 3*, 4 
3 Ask and answer questions. explanation or challenge 5*, 6 
4 Consider the criteria and the validity of the information 7*, 8 
5 Observe and consider reports of observations 9, 10 
6 Deduce and consider the results of the deduction 11, 12 
7 Induce and consider the results of induction 13, 14 
8 Make and determine the results of the consideration 15, 16 
9 Defining terms and definitions of consideration 17, 18 
10 Identify assumptions 19, 20* 
11 Define action 21, 22 
12 Interact with others 23, 24 

Note: *) Invalid item 
 
Then, the instrument was tested for validity before testing the instrument. Calculation of instrument 
validity with coefficients and validity criteria can be seen in Table 4. Next, the reliability test will be carried 
out on the instrument. Calculation of reliability with reliability test can be seen in Table 5. 
 
Table 4. Coefficients and validity criteria 

Coefficient Criteria Question Item Number 
0,81 – 1,00 Very high - 
0,61 – 0,80 High 9, 16, 21 
0,41 – 0,60 Enough 3*, 5, 10, 11, 12, 13, 14, 15, 17, 22, 23, 24 
0,21 – 0,40 Low 1*, 2*, 4, 6, 7*, 8, 18, 19, 20* 
0,00 – 0,20 Very low - 

Note: *) Invalid item 

Table 5. Reliability test interpretation 
Reliability coefficient Interpretation 

0,81 < r < 1,00 Very good 
0,61 < r < 0,80 Good 
0,41 < r < 0,60 Enough 
0,21 < r < 0,40 Low 
0,00 < r < 0,20 Very low 

 
The questionnaire was also used as instrument in this study. This instrument is used to obtain data 
regarding the validity of the media to be developed. This questionnaire contains aspects and product 
assessment components of SETS (Science, Environment, Technology and Society)-based digital 
modules for environmental change. The validation questionnaire will be filled out by experts, namely 
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material and media experts. Experts examine and assess the media from the aspects of content, 
presentation and language feasibility. The questionnaire was prepared using a Likert scale with a score 
range of 1 to 5 (Sungkono, 2012). 
Then, the material expert validation questionnaire consists of three aspects which include content 
feasibility, presentation and language. The questionnaire was prepared using a Likert scale with a score 
range of 1 to 5 consisting of 16 statement items. The grid of the questionnaire was presented in Table 
6. 
 
Table 6. Product validation questionnaire grid for material experts 

No Aspect Indicator Item Number 

1 Content 
eligibility 

Conformity of content with Basic Competency and 
Learning Objectives 

1 

Clarity of learning topics 2 
Consistency, coverage, completeness of the material  3, 4, 5 
Relevance of sample material with the conditions that 
exist in the surrounding environment 

6 

Appropriateness of the evaluation with the material 
and learning objectives 

7 

The answer key given is correct 8 
2 Presentation 

eligibility 
Cover attractiveness 9 
Ease of reading 10 
Ease of use 11 
Presentation of digital modules on student involvement 
in learning 

12 

3 Language 
feasibility 

Clarity of instructions for using the digital module 13 
The ease of understanding the material through the 
use of language 

14 

Term accuracy 15 
Politeness in the use of language 16 

 
The media expert validation questionnaire consists of two aspects which include presentation feasibility 
and language (Table 7). The questionnaire was prepared using a Likert scale with a score range of 1 to 
5 consisting of 12 statement items. 
 
Table 7. Product validation questionnaire grid for media experts 

No Aspect indicator item number 
1 Presentation 

eligibility 
Language 
feasibility 

The cramped presentation of digital modules 1 
Presentation of digital modules on student 
involvement in learning 2 

Ease of use 3 
Cover attractiveness 4 
Page design settings 5 
The choice of font type and size supports the 
media to be more attractive 6 

Ease of reading text 7 
Color selection 8 

2 Presentation 
eligibility 

The clear instructions for using the digital 
module are conveyed clearly 9 

Language suitability at the student level 10 
The ease of understanding the material 
through the use of language 11 

Politeness in the use of language 12 
 
Then, the study also used questionnaire sheet contains questions given to teachers and students 
regarding the media developed. This questionnaire is used to obtain suggestions from teachers and 
students on the product being developed. Then improvements will be made to the product based on the 
suggestions submitted (Table 8). 
The response questionnaire consists of three aspects which include the appropriateness of the content, 
presentation and language. The questionnaire was prepared using a Likert scale with a score range of 
1 to 5 consisting of 7 statement items. 
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Data analysis 
The data analysis technique used is descriptive quantitative. The data were obtained from the validation 
questionnaire sheet and the validator's assessment then the average value was calculated. The product 
assessment category is determined based on the average value of the validator. Validation in this case 
is directed to the feasibility test of the product being developed. Product validation criteria, as follows  in 
Table 9 (Sudjana, 2014).  
 
Table 8. Response questionnaire grid 

No Aspect Indicator Item Number 
1 Content eligibility Relevance of sample material with the 

conditions that exist in the surrounding 
environment 

5 

2 Presentation eligibility Ease of reading text 6 
The ability of the media to increase 
knowledge and broaden horizons 

3, 4 

Interest in using digital modules in learning 7 
3 Language eligibility Instructions for using the digital module are 

clearly conveyed 
1 

The ease of understanding the material 
through the use of language 

2 

 
Table 9. Product validation criteria 

Score Intervals Rating Category Information 

3.21 – 4.00 Very worth it Can be used without revision 
2.41 – 3.20 Worth it Usable with minor revisions 
1.61 – 2.40 Not worth it Can be used with multiple revisions 
1.00 – 1.60 Not feasible Not yet usable and requires more consultation 

 
The analysis used for the test of conceptual understanding and critical thinking aims to obtain mastery 
of students' cognitive learning based on the results of the pretest and posttest scores of conceptual 
understanding and critical thinking. The analysis was carried out by looking at the increase in students' 
conceptual understanding and critical thinking before and after implementing the product developed.  
Then, responses were obtained from response questionnaires given to students and teachers in trials 
and learning activities using the products developed. Analysis of the data obtained using descriptive 
qualitative techniques. Response questionnaire scores can be categorized as follows in Table 10 
(Sudjana, 2014). 
 
Table 10. Response Questionnaire Results Criteria 

Percentage Criteria 
81-100 Very strong 
61-80 Strong 
41-60 Enough 
21-40 Weak 
0-20 Very weak 

 
The effectiveness of the media in increasing conceptual understanding and critical thinking is determined 
based on increasing conceptual understanding, critical thinking and the use of the products developed  
This analysis was used to obtain data on the effectiveness of the  SETS-based digital module for 
environmental change based on differences in student pretest and posttest scores. The analysis phase 
involves a prerequisite test (normality and homogeneity test) and hypothesis test (paired samples t-test). 
Furthermore, N-gain was also calculated. The N-Gain test is used to obtain data on the effectiveness of 
SETS-based digital modules on environmental change based on increased conceptual understanding 
and critical thinking after learning activities are carried out. The gain score is also called the  increase or 
difference in score which is the difference between the pretest and posttest scores in one sample group.  
The results of the N-Gain calculations can be categorized in Table 11. 
 
Table 11. N-Gain effectiveness category 

N-Gain Category 

(g) > 0,7 High 
0,3 < (g) < 0,7 Currently 

(g) < 0,3 Low 
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Results and Discussion 
 
This development resulted in a SETS (Science, Environment, Technology and Society)-based digital 
module for environmental change in the form of a flipbook that can be used or accessed via mobile 
phones or laptops. This digital module is designed to be able to improve students' conceptual 
understanding and critical thinking. The digital module is developed through five stages based on the 
ADDIE development model. The following describes the results of the SETS-based digital module 
development. 
 
Analyze 
Needs analysis was carried out by distributing questionnaires to class X students and conducting 
interviews with teachers at SMAS Cahaya Fadilah. The number of students who filled out the 
questionnaire was 70 students. The results of the analysis of studen t needs in terms of learning 
difficulties can be seen in Figure 1. 
 

 
Figure 1. Biology learning difficulty factor diagram 
 
The results of the questionnaire showed that 43% of respondents thought that the time for studying 
biology was too little. In addition, 19% thought that biology material was too much and difficult to imagine. 
A lot of memorization in biology learning by 12% is also a factor for students' difficulties in learning.  
Respondents also thought that environmental change material is one of the most widely discussed 
material which can be seen in Figure 2. This was also supported by the results of interviews with biology 
teachers at Cahaya Fadilah High School who stated that during the learning process the teacher only 
used lecture, question and answer and discussion methods. In addition, the learning media used are in 
the form of teacher's handbooks, powerpoints and worksheets. The use of digital modules has never 
been used by teachers in the learning process. 
 

 
Figure 2. Biological material diagram 
 
Design  
Product development begins with the analysis stage, a needs analysis is carried out to determine the 
conditions and problems that exist in schools. A needs analysis was carried out on biology teachers and 
70 class X students through interviews, observation and distribution of questionnaires. Based on the 
results of interviews and teacher observations, it was found that the teaching materials used in learning 
were teacher handbooks, worksheet, and PowerPoint. Apart from that, the learning methods usually 
used by teachers are lecture, question and answer or discussion methods. This is also supported by the 
results of interviews with teachers that generally students obtain learning outcomes below the passing 
grade from daily tests, PTS and PAS assessments. 
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Based on the results of the needs analysis, it was found that the learning media used by students was 
only the textbooks they had. In fact, information from textbooks is still inadequate for learning, so learning 
media that is suitable for students is needed. Apart from that, during learning, students have never used 
digital modules as a learning resource. This is supported by the results of the distribution of 
questionnaires which show that biology has too much material and is difficult to imagine. 
Apart from that, the gap in biology learning time is small, which means that students' understanding is 
not optimal. Abstract biological material and less interesting media are factors that cause students to 
have difficulty learning. One material that is considered difficult and numerous is environmental change. 
This is in line with research by Jorgenson et al. (2019) which states that environmental change material 
is very complex and therefore quite difficult to understand. 
The results of the needs analysis are used as an illustration of the extent to which the learning resources 
developed are needed for students to achieve learning goals. One learning resource that can be used 
independently is digital modules. This digital module is integrated with SETS which can accommodate 
students in developing their understanding of concepts and critical thinking. SETS seeks to provide an 
understanding of the role of the environment in science, technology and society as an integrated whol e. 
Based on the results of the needs analysis, it was continued at the design stage, so this stage was 
determined to design digital modules that empower students' understanding and critical thinking. This 
was done as an effort to provide learning media for students independently in biology learning, especially 
environmental change material. Students feel comfortable using digital modules and encourage students 
to study independently in more depth regarding topics (Kaliyadan et al., 2010).The design stage begins 
with designing and compiling digital module products. The manufacturing stage uses the Canva 
application which is designed in such a way that it will be formed into a flipbook.  
 
Development 
At the development stage, digital modules began to be developed using the Canva application in PDF 
form and continued with the Fliphtml5 application in flipbook form. This application can be accessed via 
cellphone or laptop. The components developed begin with the outer and inner covers including the title, 
author's name and logo. The cover section is created to provide initial information on the material to be 
studied. Next, a table of contents is created to make it easier for students to find the pages they want to 
read. 
The introductory page is initial information about the digital module which contains the module identity, 
core competencies, basic competencies, and instructions for using the module. It is also equipped with 
a concept map as an initial overview of the materials and sub-materials that will be studied. Next, learning 
activities to be studied are arranged which consist of two main topics, namely environmental change and 
overcoming environmental problems. At the beginning of the learning activity, the learning  objectives to 
be achieved by students are conveyed. 
In the material description, it is also equipped with life examples as a real source of support. Apart from 
that, the application of SETS was created to develop students' understanding and thinking skills by linking 
the concepts of science, environment, technology and society according to examples from everyday life. 
The SETS approach is effectively implemented which is focused on the student's environment which can 
train students to be more sensitive to environmental problems (Wahono et al., 2020). 
The advantage of this SETS-based digital module is that it connects the scientific concepts studied and 
their relationship to the environment, technology and society. Apart from that, problems that occur in 
everyday life are presented so that students can explore the knowledge contained therein. This is in line 
with what was stated by Lee and Erdogan (2007) in their research that SETS-based modules involve 
problem-driven activities that begin with questions, problems and situations that are relevant to the 
students. 
The digital module is also equipped with a QR code as a follow-up to the learning activities that students 
carry out. Then, an evaluation is also made in the form of questions as a form of student reflection to 
determine the achievement of indicators for each learning activity that has been carried out. At the end 
of the digital module there is an answer key for the evaluation provided, a glossary to help students 
understand unfamiliar terms, a bibliography and author profile. Attractive digital modules con tain images 
or videos as supporting material, are interactive, have example questions, contain practice questions, 
use language that is easy to understand and provide problems related to the environment that encourage 
students to explore (Conradty et al., 2020). 
It is hoped that the preparation of this digital module will make it easier for students to learn, especially 
in environmental change material, by linking the concepts of science, environment, technology and 
society. This is done so that students can develop their understanding and thinking abilities. 
Understanding concepts is the beginning of a thinking process which ends with the ability to think 
critically, solve problems and make decisions as the final stage in the thinking process that has been 
passed previously (Marczak, 2019). 
At the product development stage, product validity was tested by media experts and material experts.  
Media expert validators consist of two validators who are experts in their fields. Material expert validation 
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is carried out by assessing the quality of the product material content. The material expert validator 
consists of two validators who are experts in their fields. The aspects assessed consist of three aspects, 
namely content, presentation and language aspects. Based on the validation results from two material 
experts, the digital module was declared valid for further use in learning. Digital modules contain material 
that is arranged systematically so that students can easily understand the material well and can develop 
their understanding of concepts and critical thinking.  The aspects assessed consist of two aspects, 
namely presentation and language aspects. The product development results before and after being 
revised according to the validator's suggestions can be seen in Table 12. 
 
Table 12. Results of Digital Module Product Development 

Page Before revision After revision 
Cover 

  
 Suggestions and comments: The 

design is still simple and the color is 
not bright enough on the cover, it is 
better to include the name of the 
supervisor in product development. 

Revision: The cover is more colorful 
and the supervisor's name has been 
included on the cover. 

Material 
description 

  
 Suggestions and comments: It 

would be better if the initial part of 
the material was given trigger 
questions to stimulate students 

Revision: Equipped with 
trigger questions at the 
beginning of each material 

Application sets 

  
 Suggestions and 

comments: It is better if 
there is a follow-up for 
students in integrating 
SETS by providing a filling 
link 

Revision: The application of 
SETS is clearer and a link for 
filling in has been made as a 
follow-up for students 

 
Eight items measuring the presentation aspect and four items assessing the language aspect received 
a "very worth it" rating from media experts. According to the validation results from media experts, the 
average score for all aspects was 90%, indicating that the digital module was considered suitable for use 
with minor revisions in line with the suggestions. Furthermore, four items in the content aspect, two in 
the presentation aspect, and all items in the language aspect attained a "very worth it" rating from material 
experts, while the remaining items were rated as "worthy." The material expert validation results yielded 
an average score of 85% for all aspects, signifying that the digital module is deemed feasible for use with 
minor revisions in line with the recommendations. Based on the validation results from two media experts, 
it was stated that the digital module was valid for further use in learning. This states that the digital module 
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is well structured in terms of cover, introduction, concept map, material description, images, application 
of SETS, summary, equipped with evaluation questions and bibliography. Modules are independent and 
structured learning experiences with a coherent and explicit set of learning outcomes and assessments 
(Donnelly, & Fitzmaurice, 2005). 
 
Implementation 
The implementation stage is carried out after the product is declared feasible to be tested on students in 
learning. The stage was carried out in class X MIPA 2 which consisted of 34 students. In the initial stage, 
students are asked to take a pretest of 11 questions on understanding concepts and 19 questions on 
critical thinking. The application of the digital module was carried out in two meetings where students 
carried out learning using the SETS-based digital environmental change module that had been 
developed. At the end of the meeting, students were asked to return to do the posttest. 
The results of the students' pretest and posttest can be seen in Table 13. Based on the results of the 
pretest and posttest, it can be seen that the use of the SETS-based digital environmental change module 
has differences in the pretest and posttest scores of students' conceptual understanding and critical 
thinking. The results of the pretest and posttest understanding of concepts carried out by students 
respectively obtained an average score of 41 and 82. It can be seen that the average pretest score for 
understanding concepts has increased in the posttest score for understanding concepts. 
 
Table 13. Pretest and posttest results for understanding concepts and critical thinking  

Statistic Concept understanding Critical thinking 
Pretest Posttest Pretest Posttest 

Average 41 82 28 80 
Max value 64 100 53 99 
Min value 18 64 13 53 

 
For the results of the critical thinking pretest and posttest carried out by students, the average scores 
were 28 and 80 respectively. It can also be seen that the average critical thinking pretest score has 
increased in the critical thinking posttest score. These results show that there are differences in pretest 
and posttest scores in students' conceptual understanding and critical thinking. At the end of the meeting, 
students and teachers were asked to fill out a questionnaire assessing the products that had been 
developed. The results of the teacher and student questionnaires show that they strongly agree that the 
SETS-based digital environmental change module can be used in the biology learning process. Digital 
modules have a positive effect on students' understanding of concepts and critical thinking. Digital 
modules are useful in terms of training and improving students' critical thinking and argumentation skills 
(Noroozi & Mulder, 2017). 
After that, respondent’s questionnaire was distributed to teachers and students as a product assessment. 
Based on the results of the teacher respondent questionnaire, the average was 4.7, which means 
teachers strongly agree that digital modules can be used in learning. In line with the result, based on the 
results of the student respondent questionnaire, the average was 4.8, which means students strongly 
agree that digital modules can be used in learning. 
 
Evaluation 
After conducting pretests and posttests, the data were analyzed for distribution and variance. The 
analysis using the Kolmogorov-Smirnov test indicated that all data followed a normal distribution, 
including the pretest (p = 0.086) and posttest for the concept understanding variable (p = 0.06), as well 
as the pretest (p = 0.200) and posttest for the critical thinking variable (0.095). Furthermore, the 
homogeneity test results revealed that the concept understanding data were homogeneous (p = 0.298), 
as were the critical thinking data (p = 0.137). Since both variables met the prerequisite tests, both 
variables were further analyzed using the t-test. 
A summary of the t-test results is presented in Table 14. Based on Table 14, a significant difference was 
found between the pretest and posttest for concept understanding (t = 41.470, p < 0.001). Similar results 
were also observed for critical thinking skills (t = 20.182, p < 0.001). Consequently, the presence of the 
developed module had a significant impact on improving both variables. Furthermore, based on the 
effectiveness test results, the average N-Gain for the concept understanding was 0.72, and for critical 
thinking, it was 0.71. Therefore, it can be concluded that the use of SETS-based digital modules for 
environmental change falls into the high effectiveness category in enhancing students' conceptual 
understanding and critical thinking. 
 
Table 14. Concept Understanding Hypothesis Test Results 

Variable Mean Std. Deviation Std. Error Mean t df Sig. 
Concept understanding -40.706 5.724 .982 -41.470 33 .000 
Critical thinking -51.647 14.922 2.559 -20.182 33 .000 
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The use of SETS-based digital environmental change modules can have an influence on students' 
conceptual understanding and critical thinking. SETS-based digital modules are interactive learning 
media with visual designs that can stimulate students to develop their understanding and thinking abilities 
(Huang, 2005). SETS-based digital modules can be applied to learning for students both in the classroom 
and outside the classroom independently. This is in line with research by Bernacki et al. (2020) which 
states that the development of SETS-based e-modules is effective for improving students' conceptual 
understanding and critical thinking skills and can help students in learning. 
Based on the finding, an increase in students' pretest and posttest scores for understanding concepts 
and critical thinking was obtained. This proves that conceptual understanding and critical thinking can be 
improved by using SETS-based digital modules by making it easier for students to understand the 
material and develop their thinking skills through activities in the digital module. Thus, there can be seen 
an increase in the pretest and posttest of students' conceptual understanding and critical thinking. This 
is in line with research by Soroko (2020) which proves that the use of SETS in e-modules makes students 
focus on developing problem-solving skills creatively, critically and systematically so that it has an effect 
on increasing students' understanding of concepts and critical thinking. 
In the digital module there are SETS application activities where students are asked to formulate 
problems and know the material to be studied. Then, students hold discussions on problem topics that 
contain examples from life. Students are asked to complete the SETS chart by linking the concepts of 
science, environment, technology and benefits to society. This activity can develop students' conceptual 
understanding and critical thinking. This is in line with research by Hickman and Akdere (2017) which 
states that the application of SETS can encourage students to be more active in learning by involving an 
environment to seek and form their own knowledge based on experience. 
The SETS-based digital module is expected to provide an understanding of SETS elements by guiding 
students to think globally, solve problems, develop science process skills, and be  motivated by good 
learning outcomes. SETS-based digital modules can help students learn subject matter independently 
because digital modules are arranged systematically, the material is coherent, the language is 
communicative and two-way in nature. Apart from that, the SETS-based digital module contains images 
that can visualize concepts in the material.  
 
Conclusion 
 
In summary, the findings of this research indicate that the development of a SETS-based digital 
environmental change module, presented in flipbook format, was executed using the ADDIE 
development model. This module has demonstrated a high degree of validity for enhancing students' 
conceptual understanding and critical thinking. Furthermore, the module's implementation in class X of 
high schools has effectively improved students' conceptual understanding and critical thinking skills. The 
practical implication of these findings suggests that educators can utilize the SETS-based digital 
environmental change module as an instructional resource to enhance students' conceptual 
understanding and critical thinking. Similarly, students can employ this module as a sel f-directed learning 
tool to bolster their comprehension of concepts and critical thinking skills. 
 
Acknowledgement 
 
The researcher would like to thank the Master of Biology Education, FMIPA, Jakarta State University, 
and the Principal of SMA Cahaya Fadilah-Jakarta for allowing this research to be carried out. Special 
thanks to teachers and students for their contribution to this research. 
 

Conflicts of Interest 
 
No potential conflict of interest was reported by the authors. 
 
Author Contributions 
 
E. Kustantia: methodology; analysis; writing original draft, review and editing. M. Miarsyah: review and 
editing. D. V. Sigit: review and editing. 
 
 
 

 



 

 
369 

Kustantia et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 9 Issue 3, 2023, 359-370 

References 
 
Astuti, A. P., Aziz, A., Sumarti, S. S., & Bharati, D. A. L. (2019). Preparing 21st century teachers: 

implementation of 4c character’s pre-service teacher through teaching practice. Journal of 
Physics: Conference Series, 1233(1), 012109. https://doi.org/10.1088/1742-6596/1233/1/012109 

Bernacki, M. L., Vosicka, L., & Utz, J. C. (2020). Can a brief, digital skill training intervention help 
undergraduates “learn to learn” and improve their STEM achievement? Journal of Educational 
Psychology, 112(4), 765–781. https://doi.org/10.1037/edu0000405 

Chalkiadaki, A. (2018). A systematic literature review of 21st century skills and competencies in 
primary education. International Journal of Instruction, 11(3), 1–16. 
https://doi.org/10.12973/iji.2018.1131a 

Clark, R. C., & Mayer, R. E. (2016). e‐Learning and the Science of Instruction (R. C. Clark & R. E. 
Mayer (eds.)). Wiley. https://doi.org/10.1002/9781119239086 

Conradty, C., Sotiriou, S. A., & Bogner, F. X. (2020). How creativity in STEAM modules intervenes with 
self-efficacy and motivation. Education Sciences, 10(3), 70. 
https://doi.org/10.3390/educsci10030070 

Donnelly, R., & Fitzmaurice, M. (2005). Designing modules for learning. 
https://scirp.org/reference/ReferencesPapers.aspx?ReferenceID=2150166  

Dwyer, C. P., Hogan, M. J., & Stewart, I. (2014). An integrated critical thinking framework for the 21st 
century. Thinking Skills and Creativity, 12, 43–52. https://doi.org/10.1016/j.tsc.2013.12.004 

Elisanti, E., Sajidan, S., & Prayitno, B. A. (2018). The profile of critical thinking skill students in xi grade 
of senior high school. Proceedings of the 1st Annual International Conference on Mathematics, 
Science, and Education (ICoMSE 2017). https://doi.org/10.2991/icomse-17.2018.36 

Ennis, R. H. (2015). Critical thinking: A streamlined conception. In The Palgrave Handbook of Critical 
Thinking in Higher Education (pp. 31–47). Palgrave Macmillan US. 
https://doi.org/10.1057/9781137378057_2 

Facione, P. (2015). Critical thinking: What it is and why it counts. In Insight assessment. Measured 
Reasons LLC. https://www.insightassessment.com/wp-content/uploads/ia/pdf/whatwhy.pdf  

Fauzi, A. (2019). Profile of junior high school students’ critical thinking skills in answering questions 
related to biological concepts. Scientiae Educatia, 8(1), 51–63. 
https://doi.org/10.24235/sc.educatia.v8i1.4081 

Fitri, S. K., & Anhar, A. (2019). Need analysis on SETS (science, environment, technology and 
society)-based practice guidance development for semester ii of x grade of senior high school. 
International Journal of Progressive Sciences and Technologies, 14(1). 
https://doi.org/10.52155/ijpsat.v14.1.854 

Fitriani, A., Zubaidah, S., & Hidayati, N. (2022). The quality of student critical thinking: A survey of high 
schools in Bengkulu, Indonesia. JPBI (Jurnal Pendidikan Biologi Indonesia), 8(2), 142–149. 
https://doi.org/10.22219/jpbi.v8i2.18129 

Geisinger, K. F. (2016). 21st century skills: What are they and how do we assess them? Applied 
Measurement in Education, 29(4), 245–249. https://doi.org/10.1080/08957347.2016.1209207 

Hayati, I. A., Rosana, D., & Sukardiyono, S. (2019). Pengembangan modul potensi lokal berbasis 
SETS. Jurnal Inovasi Pendidikan IPA, 5(2). https://doi.org/10.21831/jipi.v5i2.27519 

Hickman, L., & Akdere, M. (2017). Exploring virtual reality for developing soft-skills in stem education. 
2017 7th World Engineering Education Forum (WEEF), 461–465. 
https://doi.org/10.1109/WEEF.2017.8467037 

Huang, C. (2005). Designing high-quality interactive multimedia learning modules. Computerized 
Medical Imaging and Graphics, 29(2–3), 223–233. 
https://doi.org/10.1016/j.compmedimag.2004.09.017 

Jorgenson, S. N., Stephens, J. C., & White, B. (2019). Environmental education in transition: A critical 
review of recent research on climate change and energy education. The Journal of Environmental 
Education, 50(3), 160–171. https://doi.org/10.1080/00958964.2019.1604478 

Kaliyadan, F., Manoj, J., Dharmaratnam, A., & Sreekanth, G. (2010). Self ‐learning digital modules in 
Dermatology: A pilot study. Journal of the European Academy of Dermatology and Venereology, 
24(6), 655–660. https://doi.org/10.1111/j.1468-3083.2009.03478.x 

Kivunja, C. (2014a). Do you want your students to be job-ready with 21st century skills? change 
pedagogies: A pedagogical paradigm shift from Vygotskyian social constructivism to critical 
thinking, problem solving and siemens’ digital connectivism. International Journal of Higher 
Education, 3(3). https://doi.org/10.5430/ijhe.v3n3p81 

Kivunja, C. (2014b). Teaching students to learn and to work well with 21st century skills: Unpacking the 
career and life skills domain of the new learning paradigm. International Journal of Higher 
Education, 4(1). https://doi.org/10.5430/ijhe.v4n1p1 

Kuncahyono, K. (2018). Pengembangan e-modul (modul digital) dalam pembelajaran tematik di 
sekolah dasar. JMIE (Journal of Madrasah Ibtidaiyah Education), 2(2), 219–231. 

https://doi.org/10.1088/1742-6596/1233/1/012109
https://doi.org/10.1037/edu0000405
https://doi.org/10.12973/iji.2018.1131a
https://doi.org/10.1002/9781119239086
https://doi.org/10.3390/educsci10030070
https://scirp.org/reference/ReferencesPapers.aspx?ReferenceID=2150166%20
https://doi.org/10.1016/j.tsc.2013.12.004
https://doi.org/10.2991/icomse-17.2018.36
https://doi.org/10.1057/9781137378057_2
https://www.insightassessment.com/wp-content/uploads/ia/pdf/whatwhy.pdf
https://doi.org/10.24235/sc.educatia.v8i1.4081
https://doi.org/10.52155/ijpsat.v14.1.854
https://doi.org/10.22219/jpbi.v8i2.18129
https://doi.org/10.1080/08957347.2016.1209207
https://doi.org/10.21831/jipi.v5i2.27519
https://doi.org/10.1109/WEEF.2017.8467037
https://doi.org/10.1016/j.compmedimag.2004.09.017
https://doi.org/10.1080/00958964.2019.1604478
https://doi.org/10.1111/j.1468-3083.2009.03478.x
https://doi.org/10.5430/ijhe.v3n3p81


 

 
370 

Kustantia et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 9 Issue 3, 2023, 359-370 

https://doi.org/10.32934/jmie.v2i2.75 
Lee, M., & Erdogan, I. (2007). The effect of science-technology-society teaching on students’ attitudes 

toward science and certain aspects of creativity. International Journal of Science Education, 
29(11), 1315–1327. https://doi.org/10.1080/09500690600972974 

Lestari, H. D., & Parmiti, D. P. P. P. (2020). Pengembangan e-modul ipa bermuatan tes online untuk 
meningkatkan hasil belajar. Journal of Education Technology, 4(1), 73–79. 
https://doi.org/10.23887/jet.v4i1.24095 

Lin, M.-H., Chen, H.-C., & Liu, K.-S. (2017). A study of the effects of digital learning on learning 
motivation and learning outcome. Eurasia Journal of Mathematics, Science and Technology 
Education, 13(7), 3553–3564. https://doi.org/10.12973/eurasia.2017.00744a 

Marczak, L. (2019). Using technology to teach critical thinking skills. 
https://www.digitallearningcollab.com/blog/2019/1/16/using-technology-to-teach-critical-thinking-
skills 

Noroozi, O., & Mulder, M. (2017). Design and evaluation of a digital module with guided peer feedback 
for student learning biotechnology and molecular life sciences, attitudinal change, and 
satisfaction. Biochemistry and Molecular Biology Education, 45(1), 31–39. 
https://doi.org/10.1002/bmb.20981 

Rahma, S. Z., Mulyani, S., & Masyikuri, M. (2017). Pengembangan modul berbasis sets (science, 
environment, technology, society) terintegrasi nilai islam di smai surabaya pada materi ikatan 
kimia. Jurnal Pendidikan (Teori Dan Praktik), 2(1), 57–62. https://doi.org/10.26740/jp.v2n1.p70-76 

Ramdiah, S., Abidinsyah, A., Royani, M., & Husamah. (2019). Understanding, planning, and 
implementation of HOTS by senior high school biology teachers in Banjarmasin -Indonesia. 
International Journal of Instruction, 12(1), 425–440. https://doi.org/10.29333/iji.2019.12128a 

Selviani, I. (2019). Pengembangan modul biologi problem based learning untuk meningkatkan 
kemampuan berpikir kritis peserta didik SMA. IJIS Edu: Indonesian Journal of Integrated Science 
Education, 1(2), 147–154. https://doi.org/10.29300/ijisedu.v1i2.2032 

Soroko, N. V. (2020). Methodology for teachers’ digital competence developing through the use of the 
steam-oriented learning environment. https://ceur-ws.org/Vol-2732/20201260.pdf 

Soulé, H., & Warrick, T. (2015). Defining 21st century readiness for all students: What we know and 
how to get there. Psychology of Aesthetics, Creativity, and the Arts, 9(2), 178–186. 
https://doi.org/10.1037/aca0000017 

Sudjana, N. (2014). Penilaian hasil proses belajar mengajar. Remaja Rosdakarya. 
https://opac.perpusnas.go.id/DetailOpac.aspx?id=586982 

Sungkono, S. (2012). Pengembangan instrumen evaluasi media modul pembelajaran. Majalah Ilmiah 
Pembelajaran, 1(2), 1–16. https://journal.uny.ac.id/index.php/mip/article/view/3201 

Usmeldi, U., Amini, R., & Trisna, S. (2017). The development of research-based learning model with 
science, environment, technology, and society approaches to improve critical thinking of students. 
Jurnal Pendidikan IPA Indonesia, 6(2), 318. https://doi.org/10.15294/jpii.v6i2.10680 

Wahono, B., Lin, P.-L., & Chang, C.-Y. (2020). Evidence of STEM enactment effectiveness in Asian 
student learning outcomes. International Journal of STEM Education, 7(36), 1–18. 
https://doi.org/10.1186/s40594-020-00236-1 

 

https://doi.org/10.32934/jmie.v2i2.75
https://doi.org/10.1080/09500690600972974
https://doi.org/10.23887/jet.v4i1.24095
https://doi.org/10.12973/eurasia.2017.00744a
https://www.digitallearningcollab.com/blog/2019/1/16/using-technology-to-teach-critical-thinking-skills
https://www.digitallearningcollab.com/blog/2019/1/16/using-technology-to-teach-critical-thinking-skills
https://doi.org/10.1002/bmb.20981
https://doi.org/10.26740/jp.v2n1.p70-76
https://doi.org/10.29333/iji.2019.12128a
https://doi.org/10.29300/ijisedu.v1i2.2032
https://ceur-ws.org/Vol-2732/20201260.pdf
https://doi.org/10.1037/aca0000017
https://opac.perpusnas.go.id/DetailOpac.aspx?id=586982
https://journal.uny.ac.id/index.php/mip/article/view/3201
https://doi.org/10.15294/jpii.v6i2.10680
https://doi.org/10.1186/s40594-020-00236-1

