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 The purpose of this research is to describe the stages of developing an 
interactive digital textbook based on STEM for the subject of environmental 

pollution, and to test the effectiveness of the interactive digital textbook based 

on STEM in enhancing the critical thinking skills of junior high school 

students in the subject of environmental pollution. This research is 
development research that adopts the 4 D model from Thiagarajan's, which 

consists of four stages, namely define, design, developed, and disseminate 

(Mutia, 2020). The research subjects were junior high school students who had 

never received environmental pollution material. Limited-scale trials and 
single-class trial were conducted at Ma'arif 08 Junior High School in Wuluhan 

Jember. Dissemination was carried out at Ma'arif Ambulu Islamic Junior High 

School and Darul Hikam Islamic Junior High School This research used 

qualitative and quantitative approaches. STEM-based interactive digital 
textbooks on environmental pollution material are effective in improving 

critical thinking skills with an average score of 89.03 based on indicators of 

providing simple explanations, providing further explanations, developing 

strategies and tactics, and students' ability to draw conclusions. 
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1. INTRODUCTION  

The rapid development in the era of globalization, especially in the fields of technology, information, and 

communication, has had an impact on human life. These impacts include high competition and changes in the 

order of life in the education and non-education sectors (Mayawati et al., 2020). The shifts and changes in life 

demand that all parties be able to adapt well, including the education sector. 

Education in Indonesia must be able to utilize technological advancements. Technological developments 

enable the facilitation of the learning process by creating new learning spaces (Marta, 2019). With technology, 

students can access learning resources even outside the school (Motamedi, 2019), making learning more flexible 

(Shatri, 2020). Education in Indonesia will advance if it adopts technology-based learning. 

Technology-based learning aims to equip students with the necessary skills in the era of globalization. With 

technology-based learning, students become accustomed to the 21st-century skills (Widodo et al., 2021). One 

approach that can be used to develop students' 21st-century skills is STEM. The STEM approach integrates 

various disciplines to develop critical, logical, and systematic thinking skills. By integrating more than two 

disciplines, STEM prepares students to face the developments and challenges of the 21st century (Gulen & Yaman, 

2019). 

To address the challenges of the 21st century, 21st-century skills are required. The 21st-century skills are 

known as the 4Cs, which include creative thinking, critical thinking and problem-solving, communication, and 

collaboration (Haviz et al., 2018; Zubaidah, 2019; Lubis & Lubis, 2021; Partono et al., 2021). Critical thinking is 

an aspect in which students practice seeking the truth in every piece of information they encounter (Bustami et al., 

2018). 21st-century skills develop all types of thinking skills, from basic to critical thinking skills (Dasgupta et 

al., 2018; Khoiriyah & Husamah, 2018; Setambah et al., 2019). 

 

https://creativecommons.org/licenses/by-sa/4.0/
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Critical thinking skills can be sharpened by using interactive STEM-based learning media. This is because 

the determinant factor in the success of the learning process is the application of interactive learning media 

(Tafonao, 2018; Faqih et al., 2021). The need for learning media is an integral part of the learning process 

(Nursyahidah et al., 2020). Educators can utilize smartphone technology in learning by using engaging and 

practical features and applications (Afriansyah et al., 2020). Learning media that utilizes STEM-based smartphone 

technology is capable of meeting the demands of the 21st century and developing students' intellect by integrating 

technology with various scientific knowledge and skills in science, technology, engineering, and mathematics 

(Thahir et al., 2020). Technological advancements have played a significant role in the integral process of life, 

both in schools and in society. Teachers are expected to effectively utilize digital technology to develop students' 

competencies (Tondeur et al., 2017; Starkey, 2020). The integration of education and technology allows students 

to experience a different learning experience. 

Science education is the study of the universe and its contents, as well as the events that occur within it. It 

is carried out by experts through a series of scientific processes (Suroso et al., 2021). Science education enables 

students to independently discover ideas, provides direct experiences, and helps them understand the surrounding 

world scientifically (Sutarto et al., 2021). The environment, as one of the objects of science, encompasses various 

issues, including environmental pollution. 

Environmental pollution is a science subject taught in 7th grade, and it is a complex subject as it involves 

environmental pollution and management. Based on interviews with teachers in Jember, Banyuwangi, and 

Situbondo, it was found that students did not show significant changes in their environmental awareness behavior 

after learning about environmental pollution. The behavioral changes that showed environmental concern were 

limited to separating organic and inorganic waste, disposing of trash properly, recycling waste into decorations or 

more useful items. However, these behaviors have not significantly reduced the quantity of waste. 

The results of a questionnaire distributed to science teachers in Banyuwangi, Jember, and Situbondo 

showed that the learning resources used by teachers in the classroom were 43.8% printed textbooks, 31.3% 

worksheets, package books, and natural materials, and only 12.5% of teachers used digital textbooks. The need 

for digital textbooks among teachers reached 68.8%. With the media used by teachers, 62.5% of students' critical 

thinking skills were categorized as moderate, and 75% of teachers stated that they did not use STEM textbooks to 

teach environmental pollution. 93.3% of teachers agreed that the development of a textbook on environmental 

pollution that can improve students' critical thinking skills and learning outcomes in junior high school should be 

conducted. 

The results of the questionnaire distributed to students in Jember, Banyuwangi, and Situbondo showed that 

64.5% of students highly needed user-friendly learning media. 50% of students expressed a need for electronic 

learning media. Students faced some difficulties in understanding the subject of environmental pollution, with a 

percentage of 40.8%. 60.5% of students were not familiar with STEM learning. 67.1% of students did not use 

digital textbooks for the subject of environmental pollution. 96.1% of students agreed that the development of an 

interactive digital textbook based on STEM to enhance their critical thinking skills and learning outcomes should 

be conducted. Based on the analysis of students' needs, the developed interactive digital textbook based on STEM   

should consider the following suggestions: being easy, practical, and engaging; facilitating students' 

understanding of the content and learning process; providing concise yet detailed explanations; being interactive 

to increase students' enthusiasm for learning; not overburdening students; and including more practical activities.  

Based on the described information, it is deemed necessary to develop a textbook that utilizes the STEM 

approach, particularly for the subject of environmental pollution. The objectives of this research include: 1) 

describing the stages of developing an interactive digital textbook based on STEM for the subject of environmental 

pollution, and 2) testing the effectiveness of the interactive digital textbook based on STEM in enhancing the 

critical thinking skills of junior high school students in the subject of environmental pollution. 

 

2. RESEARCH METHOD 

This type of research is a Research and Development study. The research aims to develop an interactive 

digital textbook based on STEM. This research is a development research that adopts the 4 D model from 

Thiagarajan's, which consists of four stages, namely define, design, develope, and disseminate (Mutia, 2020). 

The research subjects are junior high school students who have not received any instruction on 

environmental pollution during their time in junior high school. A limited-scale pilot test and a single-class trial 

were conducted at Ma'arif 08 Junior High School Wuluhan Jember. The wider dissemination was conducted at 

two different schools, namely Ma’arif Ambulu Islamic Junior High School and Darul Hikam Islamic Junior High 

School. This research was conducted in the second semester of the 2022/2023 academic year. 

In this research, data analysis was conducted using both qualitative and quantitative approaches. 

Suggestions and critiques from experts and students were analyzed using a qualitative approach, while data on 

effectiveness were processed using a quantitative approach. 

The analysis of critical thinking skills was calculated based on each indicator of Ennis' critical thinking 

skills. The measurement of critical thinking skills was obtained from the analysis of students' answers according 
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to the developed indicators. The students' final scores were calculated by summing up all the scores for each 

indicator (Sugiyono, 2015). Using the formula: 

 

Cs= JS x 100 

                 N 

Information:  

Cs : Assess student’s critical thinking skills 

JS : The number of scores obtaine by student 

N : Score sum 

 

Table 2.1 Criteria for Student’s Critical Thinking Ability 

No Criteria Score sum 

1 Very low 0-39,99 

2 Low 40,00-54,99 

3 High enough 55,00-69,99 

4 High 70,00-84,99 

5 Very high 85,00-100 

Nuraini (2017) 

 

3. RESULT AND DISCUSSION 

Based on the 4D stages conducted (define, design, develop, disseminate), the following results were 

obtained: 

a. Define Stage: In the defining stage, the activities conducted included: a) survey results on teachers' needs; b) 

survey results on students' needs analysis; c) concept analysis results. 

b. Design Stage: The design of the textbook includes the development of test criteria, media selection, format 

selection, and initial design. The design of the interactive digital textbook based on STEM is divided into three 

main parts: introduction, content, and conclusion. Each section can be seen in Table 3.1. 

 

Table 3.1 Design of Interactive Digital Textbook Based on STEM 

No. 
Book 

component 
Textbook design 

1. Introduction a. Textbook cover 

b. Coverpage 

c. Foreword 

d. List of contents 

e. Concept maps 

f. Introduction 

g. Core competencies and basic competencies 

h. Study guide 

i. The role of teachers and parents 

2. Content a. Learning objectives 
b. Learning materials: definition of pollution, factors that cause pollution, impacts 

arising from pollution, strategies to overcome pollution. The scope of material includes 

water, air, soil and soun pollution. 
c. Components supporting learning matterials: Let’s think critically in the form of 

exposure to pollution problems in the surrounding environment, critical thinking 

questions, STEM mega projects, questions to measure learning outcomes, learning 

videos, learning animations, summaries, formative test. 
3. Closing a. Glossary 

b. Bibliography 

c. About the author 
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Figure 3.1 Design of STEM-Based Interactive Digital Textbooks 

 

Furthermore, the development of research instruments and supporting learning tools needs to be adjusted to the 

characteristics of the interactive digital textbook based on STEM. 

 

d. Develop Stage: The activities carried out in this stage include expert validation, user validation, and testing of 

the interactive digital textbook. The validation process consists of validating the interactive digital textbook based 

on STEM to measure the validity of the developed textbook, validation of learning tools (syllabus, lesson plans, 

pretest-posttest questions on critical thinking skills), small-group testing, and single-class testing. The small-group 

Cover Table of contents Textbook Concept Map 

Instructions for Using the Book Objective & Material KI KD 

Learning Video Critical Thinking Exercise 

Practice Questions 

STEM activities 

Summary Final Test Questions 

Glossary Author Biography Bibliography 
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testing aims to determine whether the interactive digital textbook based on STEM for the subject of environmental 

pollution can be read, worked on, and completed according to the planned timeline. The research subjects used in 

this testing were 9 students from class VII B of Ma'arif 08 Junior High School Wuluhan Jember, consisting of 3 

high-ability students, 3 moderate-ability students, and 3 low-ability students. There are 4 indicators for analyzing 

critical thinking skills based on the theory proposed by Ennis, which was modified by Apiati and Hermanto. These 

indicators are presented in table 3.2. 

 

Table 3.2 Ennis Critical Thinking Indicators (Apiati & Hermanto, 2020) 

No Indicator Activity 

1 Elementary clarification Identify problems by focusing on questions and elements contained in the 

problem 

2 Advance clarification Identify the relationship between the concepts in the problem by creating an IPA 

model and appropriate explanations 

3 Strategy and tactics Using the right strategy in solving problems, as well as complete and correct 

4 Inference Make the right conclusions 

 

The assessment of critical thinking skills was obtained from the average scores of the pretest and posttest 

on critical thinking conducted in class VII B of Ma'arif 08. The pretest and posttest on critical thinking consisted 

of 4 essay questions. The average scores of the pretest and posttest can be seen in Table 3.3. 

 

Table 3.3 Results of Critical Thinking Skills in Small-Group Testing 

Mean Score of Critical Thinking 

Pretest 

Mean Score of Critical Thinking 

Posttest 

 33,89 99,44 

Category Very low Very high 

 

Table 3.3 shows an improvement in students' critical thinking abilities in the learning process. This 

improvement is indicated by the average score for critical thinking, which increased from 33.89 in the pretest, 

categorized as very low, to 99.44 in the posttest, categorized as very high. 

There are four indicators of critical thinking abilities measured in this study, which include providing 

elementary clarification, providing advanced clarification, formulating strategies and tactics, and drawing 

inferences. The average results of each indicator calculation are listed in Figure 3.1.  

 

 
Figure 3.1 Assessment of Critical Thinking Ability Indicators in Small Group Trials 

 

Figure 3.1 shows an improvement in students' critical thinking abilities as observed from each indicator. 

In the indicator of providing elementary clarification, the average score was 48.89 in the pretest and increased to 

100 in the posttest. In the indicator of providing advanced clarification, the average score was 33.33 in the pretest 

and increased to 100 in the posttest. In the indicator of formulating strategies and tactics, the average score was 

31.11 in the pretest and increased to 97.78 in the posttest. In the indicator of drawing inferences, the average score 

was 22.22 in the pretest and increased to 100 in the posttest. This indicates that the interactive digital STEM-based 

textbook is effective in improving students' critical thinking abilities. 

A single-class trial was conducted after revising the interactive digital STEM-based textbook based on 

feedback received during a small-group trial. The research subjects in the single-class trial were 36 students from 

class VIIA of Ma'arif 08 Junior High School. The single-class trial consisted of 5 learning sessions. 

48,89
33,33 31,11 22,22

100 100 97,78 100

Elementary

clarification

Advance

clarification

Strategy and tactics Inference

Assessment of Critical Thinking Ability Indicators 

in Small Group Trials

Pretest Post test
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The assessment of critical thinking abilities was obtained from the average scores of the pretest and posttest 

on critical thinking conducted in class VIIA of Ma'arif 08 Junior High School. The pretest and posttest on critical 

thinking consisted of 4 essay questions. The results of the pretest and posttest scores can be seen in Table 3.4. 

 

Table 3.4 Results of Critical Thinking Abilities in the Single-Class Trial 
 Mean Score of Critical Thinking 

Pretest 

Mean Score of Critical Thinking 

Posttest 

 45,42 89,03 

Category Low Very High 

 

Table 3.4 shows an improvement in students' critical thinking abilities in the learning process. This 

indicates that the interactive digital STEM-based textbook is effective in enhancing students' critical thinking 

skills. 

The average results of the calculations for each of the four indicators of critical thinking abilities in the 

single-class trial stage, measured in this study, are listed in Figure 3.2. 

 

 
Figure 3.2 Assessment of Critical Thinking Ability Indicators in One Class Trial 

 
Figure 3.2 shows an improvement in students' critical thinking abilities as observed from each indicator. 

In the indicator of providing elementary clarification, the average score was 58.33 in the pretest and increased to 

the indicator of providing advanced clarification, the average score was 29.44 in the pretest and increased to 88.89 

in the posttest. In the indicator of formulating strategies and tactics, the average score was 56.67 in the pretest and 

increased to 79.44 in the posttest. In the indicator of drawing inferences, the average score was 37.22 in the pretest 

and increased to 90 in the posttest. This indicates that the STEM-based interactive digital textbook is effective in 

enhancing students' critical thinking skills. 

 

d. Dissemination Phase.  

The dissemination phase aims to determine the effectiveness of the STEM-based interactive digital textbook when 

implemented in other schools with different student characteristics. Dissemination was conducted at two schools, 

Ma'arif Ambulu Islamic Junior High School and Darul Hikam Jenggawah Islamic Junior High School. 

Dissemination at Ma'arif Ambulu Islamic Junior High School was carried out in class VII B with 30 students, 

while at Darul Hikam Jenggawah Islamic Junior High School, it was conducted in class VII A with 21 students. 

The assessment of critical thinking abilities was obtained from the average scores of the pretest and posttest on 

critical thinking. The results of the pretest and posttest scores can be seen in Table 3.5. 

 

Table 3.5 Results of Critical Thinking Abilities in the Dissemination Phase 

No School Mean Score of Critical 

Thinking Pretest 

Mean Score of Critical 

Thinking  Posttest 

1 Ma’arif Ambulu Islamic Junior High School 42,50 94,50 

Category Low Very High 

2 Darul Hikam Islamic Junior High School 41,67 94,29 

Category Low Very High 

Table 3.5 shows that in both schools, there is an improvement in students' critical thinking abilities in the learning 

process. The improvement at Ma'arif Ambulu Islamic Junior High School is demonstrated by the average score 

58,33

29,44
56,67

37,22

97,78 88,89 79,44 90

Elementary

clarification

Advance

clarification

Strategy and tactics Inference

Assessment of Critical Thinking Ability Indicators 

in One Class Trial 
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for critical thinking, which increased from 42.50 in the pretest, categorized as low, to 94.50 in the posttest, 

categorized as very high. The improvement at Darul Hikam Jenggawah Islamic Junior High School is indicated 

by the average score for critical thinking, which increased from 41.67 in the pretest, categorized as low, to 94.29 

in the posttest, categorized as very high. This indicates that the STEM-based interactive digital textbook is 

effective in enhancing students' critical thinking abilities in both Ma'arif Ambulu Islamic Junior High School and 

Darul Hikam Jenggawah Islamic Junior High School. As for the average results of the calculations for each of the 

four indicators of critical thinking abilities in the single-class trial stage, measured in this study, they are listed in 

Table 3.6. 

Table 3.6 Assessment of Critical Thinking Ability Indicators in the Dissemination Phase 

 School 

Indicator Ma’arif Ambulu Islamic Junior 

High School 

Darul Hikam Islamic Junior High 

School 

 Pretest Average Posttest Average Pretest Average Posttest Average 

Elementary clarification 45,33 97,33 58,10 100 

Advance clarification 30,67 86,67 36,19 94,29 

Strategy and tactics 55,33 98,00 34,29 98,10 

Inference 38,67 96,00 38,10 84,76 

Average 42,50 94,50 41,67 94,29 

Category Low Very high Low Very high 

 

Table 3.6 shows the overall average of students' critical thinking abilities at Ma'arif Ambulu Islamic Junior 

High School and Darul Hikam Jenggawah Islamic Junior High School, as observed from each indicator. The 

overall results of students' critical thinking abilities at Ma'arif Ambulu Islamic Junior High School indicate an 

improvement from a pretest score of 42.50, categorized as low, to a posttest score of 94.50, categorized as very 

high. This improvement is also evident at Darul Hikam Jenggawah Islamic Junior High School, where the average 

pretest score increased from 41.67, categorized as low, to 94.29 in the posttest, categorized as high. This indicates 

that the STEM-based interactive digital textbook is effective in enhancing students' critical thinking skills. 

Effectiveness of STEM-Based Interactive Digital Textbook on Environmental Pollution Topic 

Textbooks, in general, can be considered effective when learning objectives are achieved. Three main 

factors that can be used to assess the effectiveness of a textbook are its implementation in classroom learning, 

utilization of instructional media during class, and continuity of its utilization in students' self-learning and 

teaching (Situmorang, 2013). The effectiveness of the interactive digital STEM-based textbook in this research is  

determined by the average N-gain scores of student learning outcomes and the average critical thinking abilities 

measured through several stages, including small-group trials, single-class trials, and dissemination. 

Small-group trials and single-class trials were conducted at Ma'arif 08 Junior High School. The small- 

group trial involved 9 students from class VIIB, while the single-class trial involved 36 students from class VIIA. 

The dissemination stage was conducted at two schools, namely Ma'arif Ambulu Islamic Junior High School and 

Darul Hikam Islamic Junior High School. In this study, the pretest was administered in the first meeting, and the 

posttest was given in the final meeting. The learning activities began by connecting the learning material to 

students' prior experiences and asking questions to recall and relate them to the subsequent material. Furthermore, 

literacy activities were conducted using the STEM-based interactive digital textbook, along with video 

presentations and activities for students to argue about the given problems, aiming to encourage critical thinking. 

In the final meeting, students were assigned a STEM mega-project, which included making an ecobrick chair, a 

simple air filter device, and producing biogas from organic waste. 

This improvement occurred because the researcher made efforts to address the weaknesses that arose in 

each meeting, minimizing the potential errors in subsequent meetings. Another factor that influenced the 

improvement in the small-group trials and single-class trials was the interactive nature of the developed textbook, 

which provided various features that made the learning activities enjoyable. This advantage is in line with the 

findings of Perdana et al. (2021) and Jannah & Atmojo (2022) that interactive digital textbooks support the 

creation of a learning environment that facilitates students, with interactive content, fun elements, and a 

contextually relevant approach to everyday life (learning videos, concrete images, quizzes), which effectively 

enhance students' self-learning skills. 

The features included in the textbook were also tailored to optimize brain performance, as the brain 

generally functions better when processing colorful images and videos. The use of color images can stimulate 

students' thought processes and help them understand concepts accurately (Stefanikova & Prokop, 2015). 

Additionally, the inclusion of instructional videos in the textbook provides students with new learning experiences 

by presenting phenomena that are difficult to observe directly (Novita et al., 2019). 

The effectiveness of the STEM-based interactive digital textbook in this research is also determined by the 

criteria of students' critical thinking abilities. The applied indicators of critical thinking abilities consist of 

providing elementary clarification, providing advanced clarification, formulating strategies and tactics, and 
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drawing inferences. The researcher measured students' critical thinking abilities by providing 4 critical thinking 

skill questions. Data in Table 3.3 on critical thinking abilities in the small-group trials indicate an improvement 

in students' critical thinking abilities in the learning process. This improvement is demonstrated by the average 

score for critical thinking, which increased from 33.89 in the pretest, categorized as very low, to 99.44 in the 

posttest, categorized as very high. As for the results in the single-class trials, data in Table 3.4 show an 

improvement in students' critical thinking abilities, with the average score increasing from 45.42 in the pretest, 

categorized as low, to 89.03 in the posttest, categorized as very high. This improvement indicates that the STEM- 

based interactive digital textbook is effective in enhancing students' critical thinking abilities. The observed 

improvement aligns with the theory of digital textbooks. Prasetyono & Hariyono (2020) stated that digital 

textbooks effectively achieve learning objectives, thus improving students' cognitive, affective, and psychomotor 

skills, as well as enhancing logical thinking and critical thinking abilities. 

The final stage of this research is the dissemination phase, which is conducted after the textbook has been 

deemed effective based on the trial results. Dissemination activities were carried out at two schools, Ma'arif 

Ambulu Islamic Junior High School and Darul Hikam Islamic Junior High School. The steps taken in this stage 

are similar to the previous stages. 

Table 4.27 on students' learning comprehension in both schools show an improvement. The improvement 

is demonstrated by the average N-gain of 0.85 at Ma'arif Ambulu Islamic Junior High School and 

0.82 at Darul Hikam Islamic Junior High School, both falling into the high category. This indicates that the STEM- 

based interactive digital textbook is effective in enhancing students' learning outcomes at both Ma'arif Ambulu 

Islamic Junior High School and Darul Hikam Islamic Junior High School. Meanwhile, the assessment of students' 

critical thinking abilities in table 4.28 also shows an improvement in their understanding of the learning outcomes 

during the learning process at both schools. The improvement at Ma'arif Ambulu Islamic Junior High School is 

indicated by the average score for critical thinking, which increased from 42.50 in the pretest, categorized as low, 

to 94.50 in the posttest, categorized as very high. The improvement at Darul Hikam Islamic Junior High School 

is demonstrated by the average score for critical thinking, which increased from 41.67 in the pretest, categorized 

as low, to 94.29 in the posttest, categorized as very high. Thus, it can be concluded that the STEM-based 

interactive digital textbook is effective in enhancing students' critical thinking abilities at both Ma'arif Ambulu 

Islamic Junior High School and Darul Hikam Islamic Junior High School. 

 

4. CONCLUSION 

Based on the data analysis of this research, it can be concluded that interactive digital STEM-based 

textbooks on environmental pollution are effective in enhancing critical thinking skills. These results were 

obtained from an average score of 89.03 in critical thinking ability, as measured by indicators such as providing 

simple explanations, providing further explanations, devising strategies and tactics, and students' ability to draw 

conclusions. 
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