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ABSTRACT
This study aims to develop a contextual environmental issue based Ecology E-Book that is valid and effective in improving the critical thinking skills of seventh grade students. This research was motivated by the limited availability of digital teaching materials that explicitly integrate critical thinking indicators into each ecology learning activity at the junior secondary school level. This study employed a Research and Development (R&D) approach using the 4D model (Define, Design, Develop, and Disseminate). The trial subjects consisted of 25 seventh grade students of MTs Roudlotul Ulum. Data were collected through validation sheets completed by a material expert, a media expert, and a science teacher, as well as pretest and posttest instruments based on critical thinking indicators. The validation data were analyzed using the mean feasibility score, while effectiveness was determined through N-Gain analysis and the percentage of learning mastery. The results indicate that the E-Book achieved an overall validity score of 3.70, categorized as highly feasible. The average pretest score of 55.6 increased to 84 in the posttest, with an N-Gain score of 0.52 (moderate category), and learning mastery improved from 24% to 92%. These findings demonstrate that the contextual environmental issue-based E-Book is effective in enhancing students’ critical thinking skills and is appropriate for use in science learning.
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[bookmark: _heading=h.gjdgxs]INTRODUCTION
Science learning at the junior secondary school level plays a strategic role in fostering students’ scientific literacy and higher-order thinking skills. The challenges of 21st-century education require students not only to master scientific concepts but also to analyze phenomena, evaluate information, and make decisions based on scientific evidence. Results from the Programme for International Student Assessment indicate that Indonesian students’ scientific literacy still requires strengthening to compete globally (OECD, 2019). Similar findings were reported by Yusmar and Fadilah (2023), who found that many junior secondary students experience difficulties in connecting science concepts with contextual environmental problems. This condition highlights the need for instructional innovation that explicitly cultivates critical thinking skills.
Ecology content is particularly relevant for developing critical thinking skills because it involves complex cause effect relationships among biotic and abiotic components, interactions among living organisms, and the impact of human activities on ecosystem balance. Critical thinking, as defined by Facione (1990), encompasses interpretation, analysis, evaluation, inference, explanation, and self-regulation. These skills enable students to assess the validity of scientific information and construct rational arguments. A systematic review conducted by Ramadani (2025) demonstrated that the structured integration of critical thinking indicators in science learning significantly contributes to improving students’ scientific reasoning quality.
Studies conducted in the past five years indicate that active learning models positively influence the enhancement of critical thinking skills. The implementation of guided inquiry in ecology learning has been shown to improve both learning outcomes and students’ analytical abilities (Hajar et al., 2025). The problem-based learning approach has also proven effective in promoting higher-order thinking skills through contextual problem-solving activities (Purwanto, 2020; Agnesa & Rahmadana, 2022). Additionally, the Writing to Learn strategy in junior secondary science learning helps students systematically organize their ideas, thereby optimizing conceptual mastery and scientific communication (Sintiawati, 2021). These findings suggest that reflective and problem-based activities are essential components of effective ecology instruction.
The development of instructional materials is a crucial aspect in supporting the implementation of 21st-century skill-oriented learning. Digital learning media provide opportunities to present content in a more interactive and contextualized manner. The use of digital media such as interactive flipbooks has been shown to increase student engagement in science learning (Hadi, 2021). Problem-based learning supported by digital media also significantly enhances student participation and activeness (Jamaludin, 2023). Furthermore, integrating values and contextual elements into science learning enriches learning meaning and strengthens students’ conceptual understanding (Amril, 2020). Therefore, digital instructional material innovation holds substantial potential in supporting the development of critical thinking skills.
A contextual environmental issue-based approach is increasingly relevant in junior secondary ecology learning. Linking learning materials with local realities such as pollution, conservation, and waste management has been shown to enhance students’ eco-literacy (Erfariyah et al., 2024). The development of learning media based on local environmental contexts also positively affects students’ understanding of environmental pollution topics (Lesmanawati, 2024). Meanwhile, the use of e-books as digital learning media has been reported to effectively improve students’ scientific knowledge and learning motivation (Wahyuning & Subandowo, 2022). These findings indicate that strengthening local contextual elements within digital media can make learning more relevant and meaningful for junior secondary students.
Although various studies have developed modules, e-modules, and interactive media for ecology learning, the opportunity to develop an e-book that explicitly incorporates critical thinking indicators within each instructional feature remains widely open. Several studies have focused primarily on the effectiveness of specific instructional models (Hajar et al., 2025; Jamaludin, 2023). However, to date, no study has systematically developed a contextual environmental issue-based ecology e-book that explicitly maps the six critical thinking indicators within each learning feature and tests its effectiveness through a controlled experimental design at the junior secondary level. This condition reveals a significant contribution gap in the development of structured, contextual, and empirically tested digital instructional materials.
The selection of an e-book as the solution in this study is based on its flexibility in integrating text, images, videos, and interactive activities. This medium enables the visual presentation of ecology content, facilitating students’ interpretation and data analysis processes. Moreover, an e-book provides opportunities for reflection and self-evaluation aligned with the self-regulation indicator of critical thinking (Facione, 1990). Therefore, the development of a Contextual Environmental Issue-Based Ecology E-Book to Improve Students’ Critical Thinking Skills represents a strategic step in supporting junior secondary science learning that is adaptive to 21st-century skill demands.
Based on this background, the research questions of this study are: (1) What is the validity level of the developed contextual environmental issue-based Ecology E-Book? (2) How effective is the E-Book in improving students’ critical thinking skills? This innovation is expected to contribute theoretically to the development of higher-order thinking skill-based science instructional materials and practically to assist junior secondary teachers in providing contextual, interactive, and critical thinking-oriented ecology learning media.
METHODOLOGY
Research Design
This study employed a Research and Development (R&D) approach using the 4D model (Define, Design, Develop, and Disseminate). This model was applied to produce an instructional product in the form of a contextual environmental issue-based Ecology E-Book that is valid and effective in improving students’ critical thinking skills.
The product development stage was conducted in October 2025 at Universitas Hasyim Asy’ari. The limited field trial was carried out on November 13–14, 2025, at MTs Roudlotul Ulum. The research subjects consisted of one seventh-grade class comprising 25 students. The subjects were selected using purposive sampling based on considerations of material relevance and research needs. 
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Figure1. Research Flow



Development Procedure
1. Define Stage
The define stage aimed to identify the needs for developing the E-Book. The activities conducted included an analysis of the Kurikulum Merdeka curriculum for seventh-grade ecology content, an analysis of students’ characteristics, and a concept analysis to construct a concept map of the material. Additionally, learning objectives were formulated as the foundation for developing the E-Book content and designing the critical thinking test instruments.
2. Design Stage
The design stage aimed to develop the initial prototype of the E-Book by integrating the six critical thinking indicators proposed by Facione, namely interpretation, analysis, evaluation, inference, explanation, and self-regulation. The product was designed using Canva and developed into an interactive format through Flip PDF Professional to enable the integration of multimedia elements and contextual problem-based activities. At this stage, the validation instruments and essay-based pretest–posttest questions were also developed.
3. Develop Stage
The develop stage aimed to produce a product that meets the criteria of validity and effectiveness.
a. Validity Test
The validation process was conducted by one material expert, one media expert, and one science teacher as a practitioner. The validation instrument employed a 1–4 Likert scale. The validity score was calculated using the following formula: 


Based on the validity criteria, the E-Book is considered valid for use if it obtains a score of ≥ 2.51 and falls within the valid category (Riduwan, 2018).

b. Effectiveness Test
The effectiveness test was conducted using a One Group Pretest–Posttest design. Students were given a pretest before the implementation of the E-Book and a posttest after the learning process. The test scores were calculated using the following formula:



Learning mastery was determined based on the Minimum Learning Achievement Criteria (Kriteria Ketercapaian Tujuan Pembelajaran / KKTP) with a minimum score of 70. 
The improvement in students’ critical thinking skills was analyzed using the N-Gain formula (Hake, 1999):


The interpretation criteria for N-Gain are as follows:​
g ≥ 0,7 (high)
0,3 ≤ g < 0,7 (moderate)
g < 0,3 (low)
The E-Book is considered effective if the improvement in critical thinking skills reaches at least the moderate category and a minimum of 71% of students achieve learning mastery (Riduwan, 2018). 
The one group pretest–posttest design was selected due to the limitation in controlling a comparison class; therefore, the interpretation of effectiveness was focused on the internal improvement within the group.
4. Disseminate Stage
The dissemination stage was carried out through the publication of the research findings in the form of a scientific article and the distribution of the E-Book to science teachers as a learning reference.



RESULT AND DISCUSSION
E-Book Display
The development of this contextual environmental issue-based Ecology E-Book was designed to serve as a functional and relevant instructional material for junior secondary students. The product was developed with particular attention to contextual content presentation, activities that promote active engagement, and accessibility through a digital format. The visual design of the E-Book was created using Canva to optimize readability and visual appeal, while the digital format facilitates multimedia integration, allowing students to experience richer learning compared to conventional printed books (Ramadhanti & Azhar, 2022).
The main features incorporated in the product, such as Pojok Informasi, Kolom Aktivitas, Mini Laboratorium, Quotes Biologi, and Ekosistem My Adventure, were designed to facilitate various cognitive activities. Pojok Informasi functions as an additional reading resource that encourages the evaluation of scientific information; in digital learning practice, the provision of curated reference sources has been shown to expand scientific literacy and assist students in assessing information credibility (Sintiawati, 2021). Meanwhile, Kolom Aktivitas and Mini Laboratorium provide opportunities for small-scale practices based on real-world problems, which promote data interpretation and the construction of scientific reasoning through direct experience (Hadi, 2025).
Project based and contextual task characteristics are strongly reflected in the Ekosistem My Adventure feature. Through simple projects such as mapping local waste problems or analyzing the impact of pollutants on aquatic ecosystems, students are guided to identify problems, collect data, analyze findings, and formulate recommendations steps that progressively develop higher-order thinking skills. Findings from similar instructional material development studies indicate that local context based project approaches enhance students’ cognitive engagement and problem-solving skills (Putri, 2024).
From a technical perspective, the selection of an e-book format (rather than merely a static PDF document) considered aspects of accessibility and interactivity. The integration of short videos, interactive images, and response buttons (e.g., links to assignment forms or short quizzes) enables a multimodal learning pattern that supports diverse student learning styles. Research on the development of interactive e-books and e-modules indicates that multimedia features and interactivity increase learning motivation while facilitating the understanding of abstract concepts (Yudiyanto, 2024; Defianti, 2023).
From a pedagogical standpoint, this E-Book was designed to accommodate the six critical thinking indicators proposed by Facione interpretation, analysis, evaluation, inference, explanation, and self-regulation by integrating them into each feature. For example, tasks in Kolom Aktivitas require students to transform quantitative data into graphs (interpretation and analysis), while reflective questions at the end of activities facilitate explanation and self-regulation. The explicit integration of these indicators into learning activities provides a more systematic framework for critical thinking practice compared to materials that merely present information (Maulida, 2024).
The inclusion of collaborative features (e.g., group assignments to create educational posters) also constitutes an essential characteristic of this product. Creative activities such as poster development combine application and creativity domains, encouraging students not only to record facts but also to synthesize information into communicative visual messages. Empirical evidence from digital media development studies shows that collaborative creative tasks can improve students’ scientific communication skills, creativity, and collaboration (Se’ke, 2025).
From an implementation perspective, the ease of distributing the E-Book via OJS/school links and its compatibility with smartphones enhance its practical value. However, the literature also indicates that the effectiveness of digital media is strongly influenced by teacher readiness and school infrastructure; therefore, teacher mentoring and planning are necessary to ensure optimal classroom implementation (Pratama & Widodo, 2022). This consideration remains important even though the product design has accommodated features that support active learning.
In summary, the characteristics of the E-Book integrating local context, mini-experimental activities, multimedia features, and project-based assignments reflect the developer’s intention to position the E-Book not merely as a content repository but as a learning medium that encourages scientific exploration and reflection. The placement of applicative and interactive features is consistent with recent research findings regarding the development of effective digital instructional materials in science education (Hadi, 2025; Ramadhanti & Azhar, 2022).
E-Book Validation
	The validation of the contextual environmental issue-based Ecology E-Book was conducted by three validators consisting of one material expert, one media expert, and one science teacher as a practitioner. The validation process aimed to evaluate content feasibility, presentation quality, language appropriateness, and the alignment of features with critical thinking skill indicators. A summary of the overall validation results is systematically presented in Table 1, which provides a recapitulation of the assessments from each validator.
Table 1. Recapitulation of Validation Results by Validators
	No
	Assessed Aspect
	Mean Score
	Criteria

	Display Feasibility
	
	

	1
	The physical appearance of the e-book is attractive and well-organized.
	4
	Highly Feasible

	2
	The page layout is systematically arranged and consistent.
	4
	Highly Feasible

	3
	The selection of font type and size is readable and appropriate.
	4
	Highly Feasible

	4
	The use of color supports learning comfort.
	3,60
	Highly Feasible

	5
	The images used are clear and relevant to the material.
	4
	Highly Feasible

	6
	Supporting media (videos/links) function properly and support the learning process.
	3,83
	Highly Feasible

	7
	The features in the e-book support learning activities and the development of critical thinking skills.
	4
	Highly Feasible

	Mean Score of Display Aspect
	3,91
	Highly Feasible

	Content Feasibility
	
	

	8
	The material presented is aligned with the learning objectives.
	4
	Highly Feasible

	9
	The concepts presented are accurate and consistent with ecology content.
	4
	Highly Feasible

	10
	The learning activities in the e-book support students’ conceptual understanding.
	3,67
	Highly Feasible

	11
	The e-book supports students’ ability to analyze environmental problems.
	3,67
	Highly Feasible

	12
	The content of the e-book encourages students to think critically.
	4
	Highly Feasible

	Mean Score of Content Aspect
	3,86
	Highly Feasible

	Language Feasibility
	
	

	13
	The language used is clear and easy to understand.
	3,33
	Highly Feasible

	14
	The sentence structures are well-organized and effective.
	3,67
	Highly Feasible

	15
	The use of terminology is appropriate and in accordance with standard conventions.
	3
	Highly Feasible

	Mean Score of Language Aspect
	3,33
	Highly Feasible

	Total Mean Score
	3,70
	Highly Feasible


Overall, the validity of the developed contextual environmental issue-based Ecology E-Book demonstrates consistent results within the highly feasible category. The overall mean score obtained from the validators was 3.70 out of a 4 point scale, indicating that the product is generally appropriate for use as instructional material in junior secondary science learning. The validation process involved three validators consisting of a material expert, a media expert, and a science teacher as a practitioner, who assessed various aspects of the E-Book, including display, content, and language.
In terms of display feasibility, the E-Book achieved a mean score of 3.91, which falls within the highly feasible category. This result indicates that visual features such as systematic page layout, readable font selection, and the use of relevant images and supporting media links were carefully designed to support the learning process. Features such as Pojok Informasi, Kolom Aktivitas, and Mini Laboratorium do not merely present text but integrate relevant images and multimedia elements that can stimulate students’ learning interest. These findings are consistent with previous studies stating that visually attractive and interactive digital media design can enhance student engagement and learning motivation in science education contexts (Wibisari & Mulyani, 2023).
The content feasibility aspect obtained a mean score of 3.86, indicating that the material presented in the E-Book is consistent with the learning objectives and scientifically accurate. The ecology material included not only fundamental concepts such as biotic and abiotic components but also real-world contexts such as the impact of pollution on ecosystems, habitat conservation, and waste management, which are embedded in activity features such as Ekosistem My Adventure. This comprehensive presentation reflects that the E-Book does not merely deliver content but connects it with students’ real-life experiences, thereby supporting deeper conceptual understanding. In line with other studies on science e-book development, relevant and contextualized content presentation is a crucial indicator of digital instructional material feasibility (Setyaedhi, 2024).
Regarding language feasibility, the validators assigned a mean score of 3.33, which still falls within the highly feasible category, although relatively lower compared to the display and content aspects. This finding indicates that the language used in the E-Book is generally clear and appropriate for junior secondary students; however, certain terms may require further simplification or contextual explanation to enhance comprehensibility. Previous digital media development studies suggest that communicative and standard-compliant language usage significantly supports students’ conceptual understanding (Safitri, 2023).
Collectively, the highly feasible validity scores across display, content, and language aspects indicate that the E-Book meets the fundamental criteria for implementation in junior secondary classrooms. The strong display and content scores demonstrate that the product is not only informative but also visually engaging, thereby supporting more active learning processes. Meanwhile, the slightly lower language score highlights the need for careful refinement of terminology and sentence construction to ensure accessibility for students, particularly those at early stages of scientific literacy development.
The validation results are consistent with previous studies on digital e-book development, which report that instructional media validated by experts tend to be categorized as feasible when their design, content structure, and language components are systematically organized (Ramadhanti, 2022).
Effectiveness of the E-Book
The effectiveness of the contextual environmental issue-based Ecology E-Book in training students’ critical thinking skills was evaluated through students’ learning outcomes and the achievement of critical thinking indicators integrated into each learning activity. Learning outcomes were obtained from pretest and posttest scores, each consisting of 10 multiple-choice questions developed based on the critical thinking indicators proposed by Peter A. Facione. Students were considered to have achieved mastery if they obtained a minimum score in accordance with the school’s Minimum Completeness Criteria (KKTP), which was set at 70. Furthermore, the pretest and posttest data were analyzed using the N-Gain score to determine the level of improvement in students’ critical thinking skills after the implementation of the E-Book in the learning process.

Table 2. Item Sensitivity Recapitulation

	No.
	Student Name
	Pretest
	Postest
	N-gain

	
	
	 Score
	Category
	 Score
	Category
	

	1.
	AFP
	50
	TT
	80
	T
	0,6

	2.
	ADP
	60
	TT
	90
	T
	0,75

	3.
	AS
	40
	TT
	60
	TT
	0,33

	4.
	AHNF
	70
	T
	90
	T
	0,67

	5.
	ANA
	60
	TT
	60
	TT
	0

	6.
	ADR
	50
	TT
	80
	T
	0,6

	7.
	ADK
	70
	T
	90
	T
	0,67

	8.
	AMAS
	60
	TT
	90
	T
	0,75

	9.
	ASA
	50
	TT
	80
	T
	0,6

	10.
	BN
	40
	T
	70
	T
	0,5

	11.
	CAA
	80
	TT
	80
	T
	0

	12.
	CA
	50
	TT
	80
	T
	0,6

	13.
	CL
	70
	T
	70
	T
	0,

	14.
	ESP
	60
	TT
	90
	T
	0,75

	15.
	KOD
	50
	TT
	80
	T
	0,6

	16.
	KBR
	40
	TT
	70
	T
	0,5

	17.
	MIH
	60
	TT
	90
	T
	0,75

	18.
	MAA
	70
	T
	100
	T
	1

	19.
	MFAA
	50
	TT
	80
	T
	0,6

	20.
	MSR
	60
	TT
	90
	T
	0,75

	21.
	NMP
	40
	TT
	70
	T
	0,5

	22.
	NKRR
	50
	TT
	80
	T
	0,6

	23.
	SQA
	70
	T
	70
	T
	0

	24.
	ZMT
	60
	TT
	70
	T
	0,25

	25.
	MRR
	50
	T
	80
	T
	0,6

	Mens
	55,6
	TT
	84
	T
	0,52

	Number of Students Achieving Mastery:
	6 students
	23 students
	

	Percentage
	24%
	92%
	

	Mens N-gain
	

	Category
	Moderate



	Category
0.70 < g < 1.00 : High
0.30 < g < 0.70 : Moderate
0.00 < g < 0.30 : Low
	Remarks
T : Mastery
T T : Non-Mastery



The findings indicate that the developed contextual environmental issue-based Ecology E-Book was able to improve students’ critical thinking skills. This is reflected in the increase in the mean pretest score from 55.6 to 84 in the posttest, with an N-Gain value of 0.52 categorized as moderate. This improvement demonstrates a measurable change in learning achievement after students utilized the E-Book in ecology instruction.
The increase in learning outcomes is also reflected in the improvement in learning mastery percentage, from 24% in the pretest to 92% in the posttest. This shift indicates that the majority of students experienced progress in answering questions based on critical thinking indicators. These findings are consistent with research reporting that SETS-based e-modules on environmental change significantly improve students’ critical thinking skills (Amanda et al., 2025). Similar results also show that SETS-based digital modules are effective in enhancing conceptual understanding and critical thinking skills in environmental change topics (Kustantia et al., 2023).
The N-Gain value of 0.52, which falls into the moderate category, suggests that the improvement in critical thinking skills occurred progressively rather than instantaneously. Moderate-category improvement has also been identified in digital media development research, such as webbook-assisted PBL integrated with environmental contexts, which positively influenced critical thinking skills although not reaching the high category (Fithriatiz Zahro et al., 2025). This indicates that the development of critical thinking skills requires sustained practice and continuous cognitive engagement rather than short-term intervention (Dwiyanti, 2021).
The characteristics of the E-Book, which include environmental issue analysis activities, Mini Laboratorium, and contextual project-based tasks, allow students to actively engage in the learning process. Problem-based learning in digital formats has been proven to enhance critical thinking skills because students are confronted with real-world problems that stimulate analytical and evaluative processes (Dwiyanti, 2021). Contextual digital media based on environmental issues have also been shown to improve students’ critical thinking skills through the integration of local contexts in science learning (Wicaksono et al., 2025).
Some students demonstrated substantial improvement, while a small proportion showed limited progress or stagnation. This variation may be influenced by differences in initial readiness, learning motivation, and the intensity of engagement during the learning process. The effectiveness of digital media in improving critical thinking skills is strongly influenced by students’ active participation in digital-based learning activities (Fitanti et al., 2025). Furthermore, the success of digital media implementation is also affected by the validity and feasibility of the media design, particularly in supporting interactivity and ease of use (Falah et al., 2021).
A small proportion of students did not achieve mastery in the posttest. This condition indicates that although the E-Book provided a generally positive impact, additional instructional reinforcement is still required for students with lower initial ability levels. The effectiveness of e-books in improving learning outcomes is also influenced by students’ internal motivation; therefore, more intensive facilitation strategies are needed to optimize learning results (Falah et al., 2025).
In conclusion, the improvement in mean scores, learning mastery percentage, and N-Gain values demonstrates that the contextual environmental issue-based Ecology E-Book contributes to the development of students’ critical thinking skills. These findings are consistent with various studies on environmentally based digital media and problem-based learning development, which emphasize the importance of integrating real-world contexts into science instruction to foster higher-order thinking skills (Amanda et al., 2025; Wicaksono et al., 2025).
CONCLUSION
This study demonstrates that the development of a contextual environmental issue-based Ecology E-Book resulted in a highly feasible and effective instructional product for improving seventh-grade students’ critical thinking skills. The validation results from the material expert, media expert, and practitioner indicated that the E-Book met the highly feasible criteria in terms of display, content, and language aspects, confirming its suitability for classroom implementation. The effectiveness test using a one group pretest–posttest design revealed an increase in the mean learning score from 55.6 to 84, with an N-Gain value of 0.52 categorized as moderate, as well as an improvement in learning mastery from 24% to 92%. These findings indicate that the integration of contextual environmental issues, problem-analysis activities, and interactive features within the E-Book facilitates gradual and meaningful critical thinking practice. However, a small proportion of students did not achieve learning mastery, suggesting that additional guidance and sustained practice are necessary to optimize critical thinking development. Therefore, similar E-Book development can be expanded to other science topics and tested on a larger scale and over a longer duration to examine the sustainability and retention of students’ critical thinking skills.
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