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Abstract: This study aimed to develop and evaluate an Ethnoscience-integrated 
interactive flipbook-based e-module on environmental pollution to improve junior high 
school students’ environmental literacy. The research employed a Research and 
Development approach using the ADDIE model, encompassing analysis, design, 
development, implementation, and evaluation. The subjects were seventh-grade 
students of a public junior high school in Padang, Indonesia. Data were collected through 
expert validation sheets, practicality questionnaires, and environmental literacy tests. 
The results showed that the e-module achieved a very high validity level (0.87). 
Practicality testing indicated that teachers rated the e-module as very practical (88%), 
while students rated it as practical (79%). The lower student score was influenced by 
minor technical constraints, such as device limitations and internet access during 
implementation. Effectiveness testing was conducted using the Mann–Whitney U test, as 
normality and homogeneity assumptions were not fully met. The results revealed a 
significant difference in environmental literacy between the experimental and control 
groups (p < .001), with a higher mean rank in the experimental group. The improvement 
was further supported by a moderate effect size (d = 0.35). These findings indicate that 
the Ethnoscience-integrated interactive flipbook-based e-module is valid, practical, and 
effective in enhancing students’ environmental literacy and is suitable for contextual 
science learning aligned with the Merdeka Curriculum. 
 
Keywords: Environmental literacy; Environmental pollution; Ethnoscience; Flipbook; 
Interactive e-module 

  

Introduction  
 

In recent years, the world has been confronted with 
an escalating environmental crisis that is increasingly 
complex, systemic, and interconnected. Global climate 
change is no longer perceived as a long-term threat; 
rather, it has generated tangible impacts, including the 
increased frequency and intensity of 
hydrometeorological disasters, environmental 
degradation, food and water insecurity, and heightened 

socio-ecological vulnerability (Stringer et al., 2021). 
Recent reports indicate that human activities constitute 
the dominant driver accelerating environmental 
deterioration through unsustainable natural resource 
exploitation, pollution, and land-use change. This 
condition underscores that technical and policy-based 
solutions alone are insufficient without a fundamental 
transformation in human ways of thinking, attitudes, 
and behaviors toward the environment. 

https://doi.org/10.29303/jppipa.v12i2.14423
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In the global context, environmental education is 
positioned as a strategic instrument for building human 
capacity to respond to ecological crises (Jickling et al., 
2008). Education is expected not only to produce 
individuals who understand environmental concepts 
but also to cultivate critical, reflective, and responsible 
decision-makers whose actions support ecosystem 
sustainability (Ekamilasari et al., 2021). Consequently, 

environmental literacy has emerged as a key twenty-
first-century competence, comparable to scientific, 
digital, and civic literacy. Environmental literacy 
encompasses an understanding of contemporary 
environmental issues, the ability to analyze human–
nature relationships, and an ethical awareness to act 
sustainably. 

However, recent studies reveal that the 
implementation of environmental education in schools 
continues to face substantial challenges. Environmental 
instruction frequently remains confined to a cognitively 
oriented, concept-memorization approach, with limited 
reinforcement of affective and psychomotor domains 
(Diaz & Vela, 2025). As a result, a discrepancy emerges 
between students’ environmental knowledge and their 
actual behavior in daily life. This phenomenon, widely 
referred to as the knowledge–action gap, reflects a 
situation in which individuals recognize the importance 
of environmental protection but lack the awareness and 
commitment to act accordingly (Steg & Vlek, 2009). 

In Indonesia, these challenges are further 
compounded by environmental vulnerability resulting 
from development pressures, rapid population growth, 
and accelerated socio-economic change. Water pollution 
from domestic and industrial waste, declining urban air 
quality, and ecosystem degradation due to land-use 
conversion remain persistent environmental concerns 
(Nisva, 2025). At the junior secondary level, several 
studies indicate that students’ environmental literacy 
generally falls within the low to moderate categories. 
Research conducted by Ririn et al. (2021), employing the 
Middle School Environmental Literacy Survey (MSELS), 
reported that students’ environmental literacy was 
categorized as moderate, with an average percentage of 
58.48%. Similarly, Erfan (2025) found that students’ 
environmental literacy had not developed 
comprehensively, particularly in conceptual 
understanding and environmental issue analysis. Other 
studies suggest that although students may demonstrate 
pro-environmental attitudes and behaviors, their 
knowledge base and environmental critical-thinking 
skills remain relatively limited. 

These findings indicate that environmental literacy 
among junior secondary students has not yet developed 
optimally, particularly in cognitive and analytical 
dimensions. Consistent with Hayandi (2025), 
environmental literacy tends to develop partially, where 

pro-environmental attitudes and behaviors are not 
accompanied by sufficient conceptual understanding 
and analytical capacity. This condition is reflected in 
students’ limited concern for school environmental 
cleanliness and sustainability, weak critical analysis of 
environmental issues, and minimal active participation 
in environmental conservation efforts. 

One of the underlying causes of low environmental 

literacy lies in instructional approaches and teaching 
materials used in schools. Science learning, particularly 
on environmental pollution topics, is still predominantly 
delivered through abstract conceptual explanations 
detached from students’ real-life contexts. As a result, 
learning content is perceived as distant from students’ 
daily experiences, limiting their ability to construct 
meaning and relevance (Najwa & Suhartini, 2023). 
Effective environmental education, however, requires a 
direct linkage between scientific concepts, local 
environmental phenomena, and students’ personal 
experiences to foster sustainable ecological awareness. 

Within this framework, the ethnoscience approach 
offers a relevant and contextual pedagogical perspective 
(Saputra et al., 2021). Ethnoscience integrates local 
knowledge, cultural values, and community practices as 
integral components of science learning (Azhar et al., 
2023). This approach recognizes that communities have 
long possessed adaptive and sustainable environmental 
management knowledge. Integrating ethnoscience into 
science instruction enables students to understand 
environmental pollution concepts through authentic 
examples in their surrounding environment, such as 
traditional waste management practices, local resource 
utilization, and cultural values emphasizing harmony 
between humans and nature (Indriyani et al., 2022). As 
highlighted by Komarudin (2025), ethnoscience-based e-
modules that integrate local wisdom with modern 
scientific concepts can serve as effective learning 
resources, presenting content concisely, visually, 
interactively, and contextually. For example, the Rimbo 
Larangan Nagari Paru forest in Sijunjung, West 
Sumatra, represents a community-managed customary 
forest preserved collectively by local residents, 
embodying scientific principles of conservation in 
practice. Thus, ethnoscience not only enriches 
instructional content but also strengthens the affective 
and ethical dimensions of environmental education. 

Concurrently, digital transformation in education 
offers new opportunities to facilitate interactive, flexible, 
and student-centered learning (Otto et al., 2024). The 
rapid expansion of digital technologies, particularly in 
the post-pandemic era, has encouraged the use of 
electronic teaching materials as alternatives and 
complements to printed resources. E-modules provide 
advantages in supporting independent learning, 
integrating multimedia elements, and facilitating 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 2, 524-533  
 

526 

differentiated instruction tailored to students’ needs 
(Logan et al., 2021). One increasingly popular format is 
the digital flipbook-based e-module, which presents 
learning materials in an interactive book-like interface 
enriched with animations, videos, audio, and evaluative 
quizzes. 

Previous studies demonstrate that flipbook-based 
e-modules effectively enhance learning motivation, 

student engagement, and scientific literacy. Awwaliyah 
et al. (2018) reported that the implementation of 
flipbook-based e-modules significantly improved 
students’ learning motivation. The developed modules 
were considered valid and practical, increasing student 
engagement through interactive and appealing content 
that encouraged active and autonomous learning. 
Nevertheless, most existing studies focus primarily on 
technological aspects and cognitive learning outcomes, 
without deeply integrating local values and students’ 
environmental contexts. Research combining flipbook-
based e-modules with an ethnoscience approach to 
enhance environmental literacy, particularly on 
environmental pollution topics at the junior secondary 
level, remains limited. The proposed e-module in this 
study incorporates ethnoscientific elements to enhance 
contextual relevance, alongside interactive question-
response features and embedded instructional videos. 

Furthermore, Indonesia’s national education policy 
through the Kurikulum Merdeka emphasizes contextual 
learning, character strengthening, and the development 
of twenty-first-century competencies. The curriculum 
provides flexibility for teachers to design meaningful 
instructional materials aligned with students’ 
characteristics and needs. Accordingly, the development 
of an ethnoscience-integrated interactive flipbook e-
module is consistent with national educational policy 
directions and contemporary learning demands. 

Based on the foregoing discussion, the 
development of an ethnoscience-integrated interactive 
flipbook e-module represents a strategic necessity in 
environmental education. This innovation is expected to 
bridge the gap between environmental knowledge and 
pro-environmental behavior among students while 
addressing global ecological challenges through 
contextual, transformative, and sustainable education. 
Therefore, this study contributes not only to the 
advancement of innovative instructional materials but 
also offers theoretical and empirical contributions to 
strengthening environmental literacy among junior 
secondary students in the era of environmental crisis 
and digital transformation. 
 

Method  
 
This study employed a Research and Development 

(R&D) approach aimed at designing, validating, and 

evaluating the effectiveness of an educational product in 
the form of an interactive flipbook-based e-module 
integrated with ethnoscience. The R&D approach was 
selected because the study did not merely focus on 
hypothesis testing; rather, it emphasized a systematic 
and iterative process of designing, developing, and 
refining an instructional product to ensure its feasibility 
and effectiveness in real learning contexts. 

 

 
Figure 1. Research flow diagram 

 
The development model adopted in this study was 

the ADDIE model, which consists of five principal 
stages: Analysis, Design, Development, 
Implementation, and Evaluation (Branch, 2009). The 
ADDIE model represents a systematic instructional 
design framework oriented toward solving instructional 
problems through structured and sequential 
procedures. Each stage is interrelated and functions to 
ensure that the developed learning product aligns with 
students’ needs, contextual characteristics, and 
predetermined learning objectives. The research 
flowchart illustrating the implementation of the ADDIE 
stages in this study is presented in the figure 1. 

The subjects of this study were seventh-grade 
students of SMP Negeri 29 Kota Padang in the 
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2024/2025 academic year. The total number of 
participants was 66 students, comprising 33 students in 
the experimental class and 33 students in the control 
class. The students were aged between 12 and 13 years 
and had relatively homogeneous academic backgrounds 
based on school records. 

The sampling technique employed was purposive 
sampling, taking into account the equivalence of class 

characteristics and recommendations from the science 
teacher. Two intact classes were selected to preserve the 
integrity of the instructional process and to comply with 
the school’s academic policies. The designation of the 
experimental and control classes was determined based 
on the science teacher’s recommendation, considering 
the comparability of students’ academic characteristics. 
Furthermore, to minimize potential bias resulting from 
the absence of individual randomization, students’ prior 
ability was controlled through the administration of an 
environmental literacy pretest in both classes before the 
treatment was implemented. 

 
Research Stages 
Analysis 

The analysis stage was conducted to identify 
learning needs, students’ characteristics, and problems 
encountered in science learning on environmental 
pollution topics. The analysis was carried out through 
curriculum review, teacher interviews, and classroom 
observations. The results indicated the need for 
interactive digital instructional materials integrated 
with local contexts (ethnoscience). 
 
Design 

At the design stage, the researchers developed the 
structure and design of the e-module, including learning 
objectives, environmental pollution content, integration 
of ethnoscience materials, and environmental literacy 
assessment instruments. The visual design and 
navigation of the e-module were adapted to junior high 
school students’ characteristics and the principles of 
contextual learning. 

 
Development 

The development stage involved the creation of an 
interactive flipbook-based e-module in accordance with 
the predetermined design. The developed product was 
then validated by subject matter, language, and design 
experts to assess content relevance, linguistic clarity, and 
visual presentation. Feedback from the validators was 
used as the basis for product revision. 

 
Implementation 

The revised e-module was implemented in science 
learning at the junior high school level. At this stage, 
practicality testing was conducted by teachers and 

students, and effectiveness testing was carried out 
through pretest and posttest administration to measure 
improvements in students’ environmental literacy after 
using the e-module. 
 
Evaluation 

The evaluation stage was conducted through 
formative and summative evaluations to determine the 
validity, practicality, and effectiveness of the e-module. 
The evaluation results were used as a basis for further 
product refinement. 
 

Result and Discussion 
 
The results of the development and implementation 

of the ethnoscience-integrated interactive flipbook-
based e-module are presented by examining its 
contribution to improving junior high school students’ 
environmental literacy. The analysis focused on three 
principal dimensions: validity, practicality, and 
effectiveness of the e-module as a digital instructional 
material on environmental pollution topics. 

The development process of the interactive e-
module was conducted using Canva and Heyzine 
applications. Canva was utilized to design the visual 
layout of the e-module, including page structure, 
illustrations, typography, color schemes, and graphic 
elements to ensure visual coherence and attractiveness. 
Meanwhile, Heyzine was employed to convert the 
finalized design into an interactive digital flipbook 
format, enabling features such as page-flipping effects, 
embedded multimedia (videos and interactive quizzes), 
and online accessibility. The workflow of product 
development, from the initial design phase to the 
publication of the interactive flipbook, is illustrated in 
Figure 2. 

 

  
Figure 2. Product design using heyzine and canva 

 
Expert validation results indicated that the 

developed e-module demonstrated a high level of 
feasibility, with an average validity score of 0.87, 
categorized as very valid. This finding suggests that the 
instructional content aligns with science learning 
competencies, is presented using clear and 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 2, 524-533  
 

528 

communicative language, and is supported by an 
engaging visual design and user-friendly navigation 
system. 

Moreover, the integration of ethnoscience elements 
strengthened the linkage between scientific concepts 
and local cultural contexts, thereby enhancing the 
contextual relevance and meaningfulness of the learning 
material for students (Afdarina et al., 2024). The validity 

results are presented in the following figure 3. 
 

 
Figure 3. Product validity results 

 

In addition to being valid, the developed e-module 
demonstrated a high level of practicality. The results of 
the practicality evaluation conducted by teachers 

yielded an average score of 88%, categorized as very 
practical, while student assessments resulted in an 
average score of 79%, categorized as practical. These 
findings indicate that the e-module is easy to use, 
efficient for classroom implementation, and supports 
teachers in delivering environmental pollution content 
in a systematic manner. From the students’ perspective, 
the inclusion of interactive features such as visual 
illustrations, videos, and evaluative quizzes enhanced 
their interest and engagement in the learning process. 
These results are consistent with previous studies 
reporting that interactive digital instructional materials 
can improve students’ learning motivation and active 
participation (Nurmayani et al., 2025). 

 

 
Figure 4. Practicality assessment results 

 
Following the practicality testing phase, the 

instrument was implemented in one public junior high 

school in Padang, namely SMP Negeri 29 Kota Padang, 
to examine its effectiveness. The study involved two 
intact classes: the experimental class utilized the 
ethnoscience-integrated flipbook-based e-module, 
whereas the control class employed conventional 
printed textbooks. 

To measure students’ environmental literacy, the 
researchers administered a test consisting of 30 items. 

Prior to its use in the main study, the test instrument was 
piloted with 30 students outside the research sample to 
evaluate its validity and reliability. The pilot data were 
analyzed using IBM SPSS version 23. Instrument 
reliability was assessed using the Pearson correlation 
coefficient. The analysis results indicated that all 30 
items met the criteria for validity and reliability and 
were therefore deemed appropriate for use in the 
effectiveness testing phase. 

 
Table 1. Validity test results 
Question Number r count  

(Pearson Correlation) 
Sig. Decision 

1 0.539 0.002 Valid 
2 0.730 0.000 Valid 
3 0.391 0.033 Valid 
4 0.400 0.028 Valid 
5 0.453 0.012 Valid 
6 0.143 0.451 Invalid 
7 0.461 0.010 Valid 
8 0.730 0.000 Valid 
9 0.404 0.027 Valid 
10 0.436 0.016 Valid 
11 0.615 0.000 Valid 
12 0.615 0.000 Valid 
13 0.391 0.033 Valid 
14 0.062 0.747 Invalid 
15 0.422 0.020 Valid 
16 −0.103 0.589 Invalid 
18 0.370 0.044 Valid 
19 0.410 0.024 Valid 
20 0.420 0.021 Valid 
22 0.152 0.021 valid 
23 0.551 0.002 Valid 
24 0.545 0.002 Valid 
25 0.518 0.003 Valid 
26 0.607 0.000 Valid 
27 0.544 0.002 Valid 
28 0.506 0.004 Valid 
29 0.370 0.044 Valid 
30 0.572 0.001 Valid 
32 0.436 0.016 Valid 
33 0.460 0.010 Valid 
34 0.574 0.001 Valid 
35 0.695 0.000 Valid 
36 0.447 0.013 Valid 

 
Furthermore, the reliability test results indicated 

that the Cronbach’s Alpha coefficient was 0.884 for a 
total of 30 items. A Cronbach’s Alpha value exceeding 
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0.80 reflects a very high level of internal consistency. 
This result confirms that all items within the instrument 
consistently measure the same construct and 
demonstrate a strong degree of reliability. 

Therefore, the questionnaire is considered 
appropriate for use as a data collection instrument in this 
study, as it is capable of producing stable, consistent, 
and trustworthy data. 

 

Table 2. Reliability test results 
Reliability Statisticsa 

Cronbach's Alpha N of Items 
.884 30 

 

 
Figure 5. Documentation of research activities 

 
After confirming that the test items were valid and 

reliable, the instrument was administered to the research 
participants. A pretest was first conducted in both the 
experimental and control classes to measure students’ 
initial environmental literacy levels. Following the 
instructional intervention, a posttest was administered 
to assess changes in students’ literacy after the learning 
process. 

The collected data were subsequently analyzed 
using IBM SPSS version 23. Prior to hypothesis testing, 
prerequisite analyses were performed to ensure that the 
data met the assumptions required for parametric 
statistical testing. The results of the normality test are 
presented in the following table. 

 
Table 3. Results of the Normality Test (Kolmogorov–

Smirnov and Shapiro–Wilk) 
Tests of Normality 

Class 
Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Results 1 0.218 33 0.000 0.848 33 0.000 
2 0.186 33 0.005 0.896 33 0.004 
3 0.164 33 0.025 0.932 33 0.041 
4 0.140 33 0.099 0.941 33 0.074 

a. Lilliefors Significance Correction 

 
The normality of the data in this study was assessed 

using the Shapiro–Wilk test, as the sample size was 
fewer than 100 participants. The results indicated that 
the significance values for Result 1 (Sig. = 0.000), Result 
2 (Sig. = 0.004), and Result 3 (Sig. = 0.041) were lower 
than 0.05, leading to the conclusion that these datasets 
were not normally distributed. In contrast, Result 4 
yielded a significance value of 0.074, which exceeded 
0.05, indicating that this dataset was normally 
distributed. 

Therefore, overall, the research data did not fully 
satisfy the normality assumption, as the majority of the 
datasets were not normally distributed. Subsequently, a 
homogeneity test was conducted, the results of which 
are presented in the following table.

 
Table 4. Results of the Homogeneity of Variance Test (Levene’s Test) 
Test of Homogeneity of Variance   

  Levene Statistic df1 df2 Sig. 

Results Based on Mean 8,240 3 128 .000 
Based on Median 5,852 3 128 .001 

Based on Median and with adjusted df 5,852 3 99,877 .001 
Based on trimmed mean 7,451 3 128 .000 

The homogeneity of variance in this study was 
examined using Levene’s test at a significance level of 
0.05. The results indicated that the significance values 
based on the mean (Sig. = 0.000), median (Sig. = 0.001), 
median with adjusted degrees of freedom (Sig. = 0.001), 
and trimmed mean (Sig. = 0.000) were all below 0.05. 
These findings demonstrate that the variances between 
groups were not homogeneous. Therefore, it can be 
concluded that the data did not meet the assumption of 
homogeneity of variance. 

The product effectiveness test was conducted using 
an independent samples t-test if the prerequisite 
assumptions—normality and homogeneity—were 

satisfied. However, if the data did not meet the 
normality assumption, the non-parametric Mann–
Whitney U test was employed as an alternative. The 
normality test was conducted to determine whether the 
data distribution followed a normal pattern, whereas the 
homogeneity test was performed to assess whether the 
variances across groups were equal. Based on these 
analytical considerations, the research hypotheses were 
formulated as follows: 
H0: There is no significant difference in students’ 
environmental literacy before and after learning using 
the ethnoscience-integrated interactive flipbook-based 
e-module on environmental pollution topics. 
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H1: There is a significant difference in students’ 
environmental literacy before and after learning using 
the ethnoscience-integrated interactive flipbook-based 
e-module on environmental pollution topics. 

Based on the results of the prerequisite tests, the 
Mann–Whitney U test was employed for hypothesis 
testing, as the data did not meet the assumptions of 
normal distribution and homogeneity of variance. The 

use of this non-parametric test was considered 
appropriate because it does not require normally 
distributed data and is robust against violations of 
variance homogeneity. 
 
Table 5. Hypothesis test results 

Ranks 

Class N Mean Rank Sum of Ranks 

Results Post test 
Experiment 

33 46.14 1522.50 

Post Test 
Control 

33 20.86 688.50 

Total 66    

 

Table 6. Mann-Whitney U test results 
Test Statisticsa  

Results 

Mann-Whitney U 127,500 
Wilcoxon W 688,500 
Z -5,365 
Asymp. Sig. (2-tailed) .000 
a Grouping Variable: Class 

 
Hypothesis testing in this study was conducted 

using the Mann–Whitney U test, as the data did not meet 
the assumptions of normality and homogeneity of 
variance. The analysis revealed a significance value of p 

< .001, which is lower than the 0.05 threshold. Therefore, 
the null hypothesis (H₀) was rejected and the alternative 
hypothesis (H₁) was accepted. 

Furthermore, the mean rank for the experimental 
group’s posttest (46.14) was higher than that of the 
control group (20.86), indicating that students in the 
experimental class demonstrated superior 
environmental literacy compared to those in the control 
class. These findings confirm that the use of the 
ethnoscience-integrated interactive flipbook-based e-
module had a statistically significant effect on 
improving students’ environmental literacy. 

To determine the magnitude of the treatment effect, 
an effect size analysis was also conducted. The effect size 
(d) test serves as a follow-up statistical measure to 
quantify the strength of the intervention’s impact, 
thereby providing a more comprehensive interpretation 
beyond statistical significance alone. 

 
𝑑 =

𝑚𝑚𝑎𝑥− 𝑚𝑚𝑖𝑛

𝜎
  

𝑑 =
74.30− 86.06 

3363.758017
=   0.349609.  

 
The magnitude of the effect size was interpreted 

based on the criteria proposed by Cohen (1988), as 
follows: 
d < 0.20 : small effect 
0.20 ≤ d < 0.80 : medium effect 
d ≥ 0.80 : large effect 

Based on the calculation of the effect size using 
Cohen’s d, a value of 0.35 was obtained. Referring to 
Cohen’s (1988) criteria, this value falls within the 
medium effect category. This indicates that the 
treatment exerted a meaningful influence on the 
observed variable; however, the magnitude of the effect 
can be considered moderate rather than strong. 

Conceptually, the improvement in environmental 
literacy observed in the experimental class can be 
explained by the interactive, contextual, and experiential 
characteristics of the developed e-module. This 
interpretation is supported by Saputri (2025), who 
reported that students’ environmental literacy develops 
more effectively when learning experiences are situated 
within authentic environmental contexts closely related 
to their daily lives. Similarly, Liunima (2025) found that 
low levels of environmental literacy are often 
attributable to decontextualized instruction, resulting in 
fragmented knowledge that students are unable to apply 
to real-world environmental problem-solving. The 
integration of ethnoscience enables students to connect 
environmental pollution concepts with familiar local 
practices and phenomena, thereby engaging not only 
cognitive processes but also affective dimensions and 
ecological awareness (Sari et al., 2025). In this sense, the 
e-module functions not merely as a medium for 
delivering information but also as a tool for fostering 
environmental attitudes and responsibility. 

The findings of this study reinforce previous 
research highlighting the potential of interactive digital 
instructional materials to enhance learning quality and 
environmental literacy. Daulay et al. (2024) reported that 
digital teaching materials integrated with environmental 
contexts and local wisdom facilitate conceptual 
understanding while simultaneously strengthening 
students’ environmental awareness (Fitri et al., 2024). 
These results suggest that interactive digital materials 
hold substantial potential for supporting meaningful 
science learning oriented toward environmental literacy 
development. The present study contributes further by 
emphasizing the integration of local values through an 
ethnoscience approach, ensuring that instructional 
innovation is not only technologically advanced but also 
socially and culturally relevant. This aligns with Lawe 
(2025), who emphasized that ethnoscience-based 
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learning requires structured and contextual learning 
resources to be implemented effectively in schools. 

The enhancement of environmental literacy among 
students in the experimental group was also supported 
by the interactive features embedded within the 
flipbook e-module, including videos and animations. 
These features assisted students in visualizing abstract 
environmental pollution processes—such as water 

contamination mechanisms and their ecological 
impacts—thus promoting deeper conceptual 
understanding. This finding is consistent with Husamah 
(2025), who mapped the development of digital learning 
media, including video and interactive platforms, and 
concluded that such media contribute significantly to 
improved conceptual comprehension and 
environmental literacy in environmental education. 

Beyond interactivity, the integration of local values 
(ethnoscience) within the flipbook contributed 
meaningfully to students’ literacy development. The 
presentation of local wisdom closely related to daily 
life—such as community practices in maintaining 
environmental cleanliness and conserving natural 
resources—encouraged students to contextualize 
learning content within their own environmental 
settings. This is corroborated by Sihombing (2025), who 
demonstrated that integrating local wisdom through 
ethnoscience not only enhances conceptual 
understanding but also strengthens cultural 
appreciation and ecological responsibility among 
students. 

Despite its contributions, this study has several 
limitations. First, the implementation of an interactive 
flipbook-based e-module requires adequate digital 
devices and internet access, which may limit its optimal 
application in schools with insufficient technological 
infrastructure. Second, the effectiveness of the e-module 
is influenced by teachers’ readiness and competence in 
managing technology-based instruction. Additionally, 
the study was conducted in a single school context, 
limiting the generalizability of the findings. 

Nevertheless, the results have important 
implications for science learning, particularly in 
environmental education. The ethnoscience-integrated 
interactive flipbook e-module can serve as an alternative 
digital instructional resource that supports contextual 
and student-centered learning. Future research is 
recommended to involve a broader range of schools and 
to examine the long-term impact of such e-modules on 
students’ pro-environmental behavior. 

 
Conclusion  

 
This study concludes that the ethnoscience-

integrated interactive flipbook-based e-module on 

environmental pollution topics is highly valid, practical, 
and effective as a science instructional material at the 
junior high school level. The validity of the e-module 
was demonstrated by a Moment Kappa coefficient of 
0.87, which falls within the very valid category. High 
achievement was observed across multiple aspects, 
including content feasibility (0.85), language clarity 
(0.87), presentation (0.85), graphical design (0.90), 

ethnoscience integration (0.86), and usability (0.86). 
These results indicate that the developed e-module 
meets academic, linguistic, visual, and contextual 
standards required for quality instructional materials. In 
terms of practicality, teacher evaluations yielded an 
average score of 88% (very practical), while student 
evaluations reached 79% (practical). These findings 
suggest that the e-module is user-friendly, supports 
classroom implementation, and facilitates structured 
learning processes. Effectiveness testing using the 
Mann–Whitney U test revealed a statistically significant 
difference in students’ environmental literacy between 
the experimental and control groups (p < .001). Students 
who utilized the ethnoscience-integrated flipbook e-
module demonstrated higher environmental literacy 
levels compared to those who relied on conventional 
printed textbooks. These findings indicate that the 
integration of digital technology through a flipbook 
format, combined with a contextual ethnoscience 
approach, effectively enhances students’ environmental 
literacy. Therefore, the developed e-module is suitable 
for use as an innovative instructional alternative aligned 
with twenty-first-century learning demands and the 
principles of the Kurikulum Merdeka. 
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