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ARTICLEINFO ABSTRACT

Article history Non-communicable diseases (NCDs) and adolescent malnutrition
Received: 30 September 2025 remain significant public health challenges, particularly among
Revised: 13 December 2025 school-aged populations. Unhealthy snacking behaviors,
Accepted: 15 January 2025 combined with limited science literacy, reduce adolescents’ ability
Keywords: to make informed dietary decisions, underscoring the urgent need
E-module for effective, school-based educational interventions. This study
Peer aimed to develop and assess the effectiveness of a Smart Snack
Science literacy Strategy e-module that integrates peer education and problem-
Smart snack based learning (PBL) to enhance science literacy. The research

used a Research and Development (R&D) approach with the
ADDIE model, comprising needs analysis through health screening
and stakeholder consultation, followed by design, development,
expert validation, and product trials. The e-module covers three
main topics: the smart snack concept, basic food microbiology, and
food label reading. Validation by content, language, media, and
learning experts confirmed that the module is highly feasible in
terms of quality and usability. Subsequent limited and broader
trials with 25 students demonstrated a significant improvement in
science literacy, with an average gain of 30.92 points (p < 0.05).
The e-module also fostered greater motivation, problem-solving
skills, and healthier snack decision-making. These findings
indicate that integrating peer education and PBL is effective in
promoting active learning and healthy lifestyle behaviors.
Therefore, the Smart Snack Strategy e-module represents a viable
and innovative medium for enhancing science literacy and
supporting adolescent health promotion in school settings.
© 2026 Universitas Negeri Jakarta. This is an open-access article under the CC-BY license
(https://creativecommons.org/licenses/by/4.0)

d 10.21009/biosferjpb.60598 Setyaningrum et al E-ISSN: 2614-3984 231


https://doi.org/10.21009/biosferjpb.60598
https://issn.brin.go.id/terbit/detail/1180433305
http://journal.unj.ac.id/unj/index.php/biosfer
mailto:yahmiirasetyaningrum@gmail.com
https://creativecommons.org/licenses/by/4.0

INTRODUCTION

Non-communicable diseases (NCDs) such as metabolic syndrome, including obesity, diabetes,
hypertension, and cardiovascular diseases, represent a growing global health problem among
adolescents (Farhangi et al.,, 2020). These conditions are strongly associated with unhealthy dietary
habits, particularly the consumption of snacks high in sugar, salt, and fat but low in fiber, vitamins, and
minerals, such as sugar-sweetened beverages (Jia et al., 2012); (Min et al.,, 2017), fast food (Fatmawati
etal, 2020); (Grimes etal., 2021), and soft drinks (He et al., 2008). Adolescence is a critical period during
which dietary habits are established and may persist into adulthood, increasing the risk of non-
communicable diseases (Schneider et al., 2021). Unhealthy snacking patterns, particularly the
consumption of energy-dense foods high in sugar, salt, and fat, are associated with obesity and other
cardiometabolic risks among adolescents (He et al., 2008). Limited science and food literacy further
constrain adolescents’ ability to make informed dietary choices, highlighting the need for effective
school-based educational interventions (Ares et al.,, 2024).

Adolescence is a critical developmental stage where dietary habits are formed and persist into
adulthood, directly influencing the risk of NCDs later in life (Schneider et al, 2021). However,
international evidence indicates that many adolescents demonstrate limited science literacy, which
constrains their ability to understand health-related information, evaluate nutrition claims, and apply
scientific concepts in everyday decision-making (Mancone et al, 2024). This limitation hinders
adolescents’ ability to make informed health-related decisions. Meanwhile, the Ministry of Health and
nutrition campaigns and smart snack educational materials are largely directed toward canteen
managers or schools, not directly engaging students (BPOM, 2021). Thus, there is a gap in contextual,
interactive, and student-centered media that integrates health content with science literacy, providing
adolescents with the skills needed to critically evaluate food choices.

This study proposes to develop an e-module on smart snacking using peer education and
problem-based learning (PBL) approaches (Ekubagewargies et al., 2025). The e-module development
follows the ADDIE model (Analysis, Design, Development, Implementation, Evaluation) to ensure
systematic planning and evaluation (Abuhassna et al., 2024). The research aims to produce a valid and
feasible module capable of improving junior high school students’ science literacy, specifically focusing
on smart snack concepts, basic food microbiology, and food label literacy. Ares et al. (2024), the e-
module is expected to promote collaborative learning and problem-solving skills through peer
interaction, thereby supporting both knowledge acquisition and behavioral change in making healthier
snack choices.

The development of this e-module is grounded in the social cognitive theory and the theory of
planned behavior, recognizing that adolescent food choices are strongly influenced by peers, taste, price,
and availability rather than scientific reasoning (Ares et al., 2024)(Ekubagewargies et al., 2025). Peer
education has been shown to effectively improve adolescents’ nutritional behaviors (Ghasemi et al,,
2019)(Kim et al., 2023), while PBL enhances creativity, critical thinking, and problem-solving skills,
supporting the achievement of Sustainable Development Goals (Damayanti, 2024)(Hidayati NL dan
Rachmadiarti, 2024)(Setiawan, 2022). Previous educational media, such as healthy snack pocketbooks
(Novelasari & Hayati, 2022)have contributed to knowledge dissemination but lack interactive features
and integration of peer education and PBL. Digital-based media have proven effective in fostering
engagement, accessibility, and digital literacy (Shanka Resia et al, 2024)(Mancone et al., 2024).
Therefore, this study is expected to generate a contextual, innovative, and interactive e-module that is
valid, feasible, and effective in improving adolescents’ science literacy and supporting healthy snacking
behaviors as an early prevention of NCDs. Recent studies indicate that peer education and problem-
based learning improve adolescent health learning outcomes (Ekubagewargies et al., 2025). However,
adolescence remains a critical period where unhealthy dietary behaviors persist, creating an urgent
need for effective interventions. To address this gap, this study is novel in developing an integrated
smart snack e-module using peer education and PBL.

METHODS
Research Design

This study employed a research and development (R&D) design using the ADDIE model (Analysis,
Design, Development, Implementation, and Evaluation) (Branch, 2009) to produce a Smart Snack
Strategy e-module based on peer education and Problem-Based Learning (PBL). The ADDIE model was
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chosen because of its systematic and flexible nature, making it suitable for developing learning media
oriented toward students’ needs (Abuhassna et al., 2024). The analysis stage involved identifying real
health problems in schools through input from the Health Office and the Community Health Center, as
well as analyzing the science curriculum. The design stage included structuring the main content, which
covered the concepts of smart snacks, food microbiology, and food label literacy. The development stage
was conducted through expert validation, followed by limited and broader trials, and was finally
evaluated both formatively and summatively to ensure that the resulting module is feasible, practical,
and effective in supporting students’ scientific literacy and promoting healthy snacking behavior.
Population and Samples

The study population consisted of all students at Madrasah Tsanawiyah (MTs). Samples were
selected purposively based on school health screening results to ensure representation of students’
health conditions. Inclusion criteria included active participation in science learning, physical health,
and submission of signed informed consent forms. Expert validation was conducted before product
trials, involving three validators: a learning media expert, a content expert, an academic nutritionist and
practitioner, and a language expert, who assessed the feasibility of the module. Following validation, the
trials were carried out in two stages: a limited trial with five students to obtain initial feedback, and a
broader trial with 30 students as the main respondents. The researcher was directly involved
throughout development, validation, and implementation to ensure adherence to the planned
procedures.
Instrument

Four research instruments were used in this study. Expert validation sheets were
developed based on an instrument grid covering media design, content accuracy, and language
clarity, and were assessed using a 4-point Likert scale. Student response questionnaires were
constructed according to indicators of readability, usability, and attractiveness using a 3-point
scale. The science literacy test was developed based on a test blueprint aligned with science
literacy indicators and consisted of multiple-choice and short-answer items addressing smart
snack concepts, basic food microbiology, and food label literacy. Observation guidelines were
prepared based on student engagement indicators during peer education activities. The science
literacy test demonstrated adequate content validity through expert judgment by specialists in
nutrition, biomedicine, and health promotion, and empirical item validity testing showed that
all items were valid (p < 0.05). The instrument also exhibited high internal consistency, with a
Cronbach’s Alpha coefficient of 0.82 across 20 items.
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Procedure

The study was conducted at MTs, Malang, over one semester (Januari-Juli 2025), involving
students, teachers, and input from the local Health Office and Community Health Center. Following the
ADDIE model, the procedure included analysis (identification of student health problems, needs
assessment, and teacher interviews), design (module blueprint, selection of peer education and PBL
methods, and storyboard preparation), development (creation of the interactive module and expert
validation in media, content, and language), implementation (a limited trial with five students followed
by a broader trial with 30 students), and evaluation (formative evaluation at each stage and summative
evaluation after the broader trial). Data triangulation, involving comparison of observations, expert
feedback, and responses from students and teachers, was applied to ensure the validity of the findings.
The research procedure is illustrated in Figure 1.

|

SUCCESS ANALYSIS

|

VALIDATION DESIGN &
SUCCESSFUL? DEVELOPMENT

EVALUATION

IMPLEMENTATI
ON

Figure 1. Flowchart of the research procedure

Data Analysis Techniques

Data were analyzed using descriptive quantitative and qualitative approaches. Expert validation
results were calculated using mean scores and categorized according to feasibility criteria. Student and
teacher questionnaire responses were processed into percentages. To measure the improvement in
students’ scientific literacy before and after using the module, the N-Gain Score was calculated with the
following categories: high (g = 0.7), moderate (0.3 < g < 0.7), and low (g < 0.3) (Aripin & Mufit, 2025).
Additionally, the Wilcoxon Signed Rank Test was applied to examine the significance of learning
outcome improvements, considering the non-parametric characteristics of the data and the sample size.

RESULTS AND DISCUSSION

The development model followed the ADDIE framework (Analysis, Design, Development,
Implementation, and Evaluation). In the analysis stage, actual health problems at school were identified
through input from the District Health Office and the Community Health Center. The Health Office
reported that no specific education materials on the smart snack concept were available; the existing
materials focused only on the Clean and Healthy Lifestyle (PHBS) program. Assessments from Kepanjen
Community Health Center indicated incomplete hygiene facilities, unavailability of handwashing soap,
limited supervision of healthy snacks, and suboptimal implementation of health promotion media and
school health activities. Health education was mainly delivered through PowerPoint slides and leaflets
using lecture methods in the school hall. Nutritionists at the Community Health Center emphasized that
health modules specifically designed for adolescents, particularly those of a practical nature, such as
Smart Snack, are still lacking. Existing resources from the Ministry of Health are largely directed toward
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teachers and health workers (e.g., Aksi Bergizi program as facilitator guidelines), while student-focused
modules remain limited. Although students already have health records, the implementation of
balanced nutrition education, food label reading skills, and healthy snack selection still faces challenges.
In many cases, despite exposure to healthy snack education, students continue to choose instant noodles
or colored drinks due to taste preferences, peer influence, and family habits. This indicates that the
family and peer environment strongly influence adolescent behavior.

Based on the needs analysis, the e-module was designed to directly target students using a simple,
practical, and contextual approach. It aims to increase knowledge, foster healthy habits through direct
practice and problem-based learning (PBL), strengthen peer education among adolescents, and involve
teacher and parental support. The Smart Snack Strategy was developed to bridge the gap between
existing formal health education and the real needs of students, thereby contributing to the prevention
of nutrition-related problems, dental health issues, and risky behaviors in schools. Relevant literature
used as references included the Healthy Snack Guidelines from BPOM, Guidelines for School Snacks to
Achieve Balanced Nutrition, the Healthy Snack Pocket Book, and the Aksi Bergizi program. Previous
studies also showed that healthy snack education effectively improves students’ knowledge and
attitudes; however, these interventions were generally simple (leaflets, lectures, or visual media) and
not developed as structured modules. This highlights a significant gap in the availability of student-
oriented modules to improve understanding and healthy snacking habits. Therefore, developing the
Smart Snack Strategy module at the junior high school level is highly relevant, not only to address the
lack of practical nutrition education but also to support the implementation of clean and healthy lifestyle
behaviors in schools.

The design stage included three main topics: the smart snack concept, food microbiology, and food
label reading (Figure 1). The smart snack concept introduces students to identifying healthy snacks,
understanding adolescent energy needs, and linking food consumption with health risks such as obesity,
diabetes, and malnutrition. The food microbiology component highlights the dangers of microbial
contamination, characteristics of unsafe food, the importance of handwashing, and strategies for
hygienic food selection. The food label reading component equips students with the ability to recognize
composition, distribution permits, expiration dates, and nutritional information to make informed
snack choices. The module content was structured based on field data regarding nutritional problems,
dental caries, anemia, and risky snacking behaviors. The main objective was to enhance science literacy
through peer education and PBL. Peer education was applied by selecting students with strong
communication and leadership skills to act as change agents. These peer educators were provided with
specific roles and responsibilities, including participation in training, applying knowledge in healthy
snacking practices, and facilitating discussions and reflections with peers. The novelty of this module
lies in its target and approach: unlike existing guidelines that are intended for teachers, health workers,
or canteen managers, the Smart Snack Strategy module was designed specifically for students,
combining peer education and PBL. This design not only builds knowledge but also develops practical
skills, reinforces positive habits, and fosters healthy snacking behavior aligned with adolescents’ daily
lives.

The development stage involved expert validation by specialists in learning media, biology
education, nutrition, and language. The validation results indicated that the peer educator training
module on healthy snack education demonstrated a very high level of validity across all evaluated
aspects. The module was considered scientifically accurate, pedagogically appropriate, and linguistically
clear, with minor revisions suggested to improve competency alignment, the integration of higher-order
thinking skills, conceptual clarity in food microbiology, and the inclusion of more practical examples.
Following the incorporation of these revisions, the module was deemed valid and feasible for use.
However, the findings were limited to expert judgment, and the absence of broader field testing suggests
the need for further studies to examine its effectiveness in real classroom settings.

Table 1.

Expert Validation
Aspects Mean+SD Score Conclusion
Learning and media 4.83+041 96.60 very Valid
Validator Content 4,10+0,73 82.00 very Valid
Language 4.50+0,58 90.00 very Valid
Average 4.47 89.33 very valid
d
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Table 2.
Limited trial

Aspects Mean+SD Score Conclusion
Interface 2.40£0.52 80.00 Valid
Content 2.87 +0.35 95.67 very Valid
5 students )
Language 2.50+0.53 83.33 very Valid
Benefit 2.60 £0.52 86.67 very Valid
Average 2.59 88.45 very valid

The small-scale trial of the peer educator training module involving five students indicated that
the module was considered valid across all evaluated aspects. The display, content, language, and
usefulness aspects were positively evaluated, indicating that the module was well presented, easy to
understand, and beneficial for learners. These results suggest that the module is suitable for use in
learning activities, although further testing with a larger sample is recommended. Both language and
usefulness aspects were categorized as highly valid. Overall, the trial produced an average score of 2.59
(88.45), indicating that the module is highly valid and feasible for use. Feedback from users in the small-
scale trial included suggestions to add more engaging images to increase reading interest, improve
image quality for clearer text, use brighter colors, and an overall appreciation that the module was
already very good, with explanations that were comprehensive, detailed, and enjoyable to read.

Table 3.
broader trial
Aspect Mean #SD Score Escalation
Interface 2,20 £ 0,58 73 Valid
30 students Content 2,44 + 0,52 80 Very Valid
Language 2,33+£0,51 76 Valid
Benefit 2,50+0,54 83 Very Valid
Average 2,37 78 valid

The large-scale trial showed that the peer educator-based Smart Snack e-module was perceived
as valid and feasible for use in learning activities. These results are in line with previous studies
indicating that instructional materials developed using the ADDIE framework are generally learner-
centered and suitable for classroom implementation (Branch, 2009; Abuhassna et al., 2024}, and that
peer-led nutrition education supports adolescents’ engagement and understanding of health-related
topics (Dodd et al., 2022; Ekubagewargies et al., 2025). Nevertheless, existing evidence also indicates
that gains in nutrition knowledge may not consistently translate into sustained behavioral change
without continued reinforcement and supportive food environments (Ares et al., 2024; Medeiros et al.,
2022). Accordingly, the present results reflect the feasibility and acceptance of the Smart Snack e-
module rather than long-term changes in students’ dietary practices or science literacy. The
measurement results are presented in Table 4.

Table 4. N-Gain analysis for science literacy

Aspect Pretest Average Posttest Average N-Gain Category P Value
Smart Snack concept 69.13 98.86 0.97 High 0.001
Food Microbiology 56.00 87.20 0.69 Moderate

Read Label 63.54 95.40 0.70 Moderate

Average 62.98 93.81 0.79 High

Results of the N-Gain analysis (Table 4) indicate that students’ scientific literacy improved after
using the Smart Snack Strategy module. The smart snack concept aspect achieved an N-Gain score of
0.97 in the high category, showing that students were able to understand the importance of choosing
healthy snacks and their relationship to non-communicable disease risks. The food microbiology basics
aspectachieved an N-Gain score of 0.69 in the moderate category, meaning that students’ understanding
of food safety and contamination hazards improved, although reinforcement is still needed in daily
hygiene practices. The food label reading skills aspect scored 0.70 in the moderate category, indicating
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that students became more skilled in identifying composition, distribution permits, and nutritional
content in snack products. Overall, the average N-Gain of students’ scientific literacy was 0.79 in the
moderate-high category, suggesting that the peer education and PBL-based Smart Snack Strategy e-
module effectively enhanced students’ scientific literacy by 30.92 points.

The findings demonstrate that the Smart Snack Strategy e-module, developed with peer education
and problem-based learning (PBL), is valid, practical, and effective in improving students’ scientific
literacy. High validity was achieved in media, content, and language aspects, while trial results
confirmed the feasibility of the e-module. The peer education approach encouraged students to actively
engage in collaborative learning with peers. This aligns with the study, which showed that Peer Led
Intervention could promote healthier behaviors by increasing fruit and vegetable consumption and
reducing unhealthy snack intake (Ekubagewargies etal., 2025). Areview of international journals shows
that school-based peer education (PE) interventions are highly effective in improving nutrition literacy
compared to their moderate effectiveness in HIV prevention, health promotion, and mental health
(Dodd et al., 2022). This is because PE aligns with adolescents’ psychological, cognitive, and social
development needs, which are rooted in functional and critical peer relationships (Ares et al., 2024).
Peer education is based on the Socio-Cognitive Theory (SCT), proven effective in improving adolescent
nutrition literacy over durations ranging from three weeks to one year (Medeiros et al.,, 2022). In this
study, the intervention lasted six months (one semester), enabling a significant improvement in
scientific literacy.

Peer influence plays a major role in students’ decisions to choose smart snacks; however, factors
such as variety, attractiveness, price, and availability of snacks are equally influential (Mesch et al,,
2025). With the widespread availability of fast food, a high tendency to eat outside the home, and limited
scientific literacy, students cannot often evaluate food choices based on evidence. Thus, educating
students alone is insufficient—collaboration among teachers, school canteens, community health
centers, and policymakers is needed to provide smart snacks within the school environment. School-
based nutrition interventions have also been found effective in improving nutritional status, eating
habits, healthier food choices, and overall lifestyle (Chatterjee & Nirgude, 2024)(Kim et al., 2023)
(Chartejec 2024). Meanwhile, PBL plays a key role in developing scientific literacy and 21st-century
skills such as critical thinking, collaboration, and communication (Aripin & Mufit, 2025) (Aripin, 2025).
PBL has been shown to strengthen critical thinking, problem-solving, and the application of scientific
concepts in daily life (Aripin & Mufit, 2025)(Yeyendra Yeyendra, Mellisa Mellisa, Ibnu Hajar, Sandra
Puspitasari, 2024). Furthermore, socio-science-based modules have proven effective in enhancing
scientific literacy in ecosystem topics (Khairrunisa et al., 2025).

Theoretical implications of this study provide evidence that integrating scientific literacy with
social-cognitive (peer education) and problem-based (PBL) approaches is an effective strategy for
fostering healthy habits among adolescents. The module also contributes to the development of
educational media that not only imparts knowledge but also practical skills and promotes sustainable
behavior. This study involved a limited number of respondents, indicating the need for wider
implementation across secondary schools with the support of teachers, health professionals, and
parents to establish a healthy snacking culture. Future research could expand to larger samples, long-
term effectiveness tests, and measurement of impacts on real health indicators such as nutritional
status, body mass index, or daily dietary habits. Moreover, integrating the module into more interactive
digital platforms could strengthen its effectiveness while supporting students’ digital literacy.

CONCLUSION

The Smart Snack Strategy e-module, developed using peer education and problem-based learning
(PBL), was valid, practical, and effective in improving junior high school students’ scientific literacy. It
enhanced students’ understanding of the smart snack concept, food label reading skills, and promoted
healthy consumption behaviors while fostering practical skills and positive habits. Unlike previous
studies that examined peer education or PBL separately, this study demonstrates that integrating both
approaches within an e-module provides a more comprehensive method for developing scientific
literacy and healthy dietary practices. Practically, the module can be used by teachers, health
professionals, and schools as a contextual educational tool. Future research should test the module on
larger samples, evaluate long-term effects, and examine adaptability across different school settings.
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