M. Sukri, A. Permanasari, D.Ardianto/ J. Sc. Edu. Research 2026, 10(2), 362

Journal of Science Education Research

Journal homepage: https://journal.uny.ac.id/index.php/jser/index

ISSN: 2597-9701

JSER

Development of Low Carbon Education Non-Textbooks to Grow Sustainability
Literacy and Sustainability Awareness in First Grade Elementary School
Students

Muhamad Sukri'*, "“Anna Permanasari?, ‘“'Didit Ardianto®
123 Master of Elementary Education Program Universitas Pakuan , Indonesia
*Corresponding Author, Email: saya28juni@gmail.com

Abstract History
This study aimed to develop and evaluate a Low-Carbon Education non-text book Received:
designed to enhance sustainability literacy and sustainability awareness among July 28,
Grade 1 elementary school students. The study employed research and development 2025

using the ADDIE model: analysis, design, development, implementation, and

evaluation. The field trial involved 30 Grade 1 students at SDIT Suwarna, Bogor

Regency, Indonesia, using a one-group pretest-posttest design. Product feasibility

was assessed through expert and practitioner validation, while student outcomes were

measured using sustainability literacy and sustainability awareness instruments. The

findings showed that the book was feasible for classroom use, with a content and .
curriculum Content Validity Index (CVI) and Content Validity Ratio (CVR) of 1.00 Revised:
reported by practitioners. Sustainability literacy increased from a mean of 49.33 to October 10,
79.33; the highest gain occurred in sustainability knowledge (N-Gain = 0.77, high), 2026
followed by sustainability skills (0.28, medium) and relevant values (0.34, medium).

Sustainability awareness increased from 44.67 to 81.67, with N-Gain values of 0.58

for cognitive, 0.53 for affective, 0.47 for behavioral, and 0.50 for risk-awareness

domains. Paired-sample t-tests indicated significant pretest-posttest differences (p <

.001). Students gave a 99% positive response, while teachers reported 98%
positive/practical responses. The findings suggest that a contextual, visual, and  Accepted:
activity-oriented non-text book can support early sustainability learning, particularly  Qctober 29,
for building foundational knowledge and awareness. 2026
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1. INTRODUCTION

Environmental degradation, climate change, waste accumulation, and excessive resource consumption have
strengthened the need to develop environmental and sustainability competencies from an early age. Education
can contribute by connecting environmental knowledge with everyday decisions and actions. Low-Carbon
Education (LCE) provides a relevant framework because it links knowledge of carbon emissions and climate
change with responsible, low-emission lifestyles (Hudha et al., 2020; Amin & Permanasari, 2020). In Indonesia,
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research has also identified the importance of strengthening low-carbon literacy and environmental literacy
among elementary students (Amin et al., 2019; Amin et al., 2020).

At the elementary level, sustainability concepts need to be presented through concrete, contextual, and
developmentally appropriate learning experiences. Students in the early grades benefit from visual
representations, stories, familiar situations, and opportunities to act. Previous studies have shown that visual
and narrative learning media, including picture books and educational comics, can support environmental
literacy and environmental awareness (Katoppo et al., 2020; Bagus & Sindu, 2023). Recent evidence also
indicates that picture-book-based environmental education can improve environmental literacy and ecological
sensitivity among lower-grade elementary students (Noh & Bae, 2024).

However, the thesis preliminary study identified a gap at SDIT Suwarna: environmental and low-carbon
content was not yet sufficiently integrated into non-text learning resources for Grade 1. The developed solution
therefore focused on a contextual book entitled “Ayo Kelola Sampah” (Let’s Manage Waste), which introduces
waste sorting, waste reduction, recycling, carbon-footprint ideas, and simple environmental actions. The book
integrates Indonesian Language and Pancasila learning while embedding sustainability literacy and
sustainability awareness.

Sustainability literacy in this study is operationalized through sustainability knowledge, skills, and relevant
values, while sustainability awareness covers cognitive, affective, behavioral, and risk-awareness dimensions.
This framing is consistent with the need to move sustainability education beyond factual knowledge toward
values and action (Chen et al., 2022; Kuehl et al., 2022). The study addressed two practical questions: (1) Is the
developed non-text book feasible for Grade 1 learning? and (2) Does its use improve students’ sustainability
literacy and sustainability awareness?

2. RESEARCH METHOD

This study used a research and development approach with the ADDIE model, consisting of analysis,
design, development, implementation, and evaluation. The research was conducted at SDIT Suwarna, Bogor
Regency, Indonesia. The field implementation involved 30 Grade 1 students. The effectiveness trial used a one-
group pretest-posttest design.

During the analysis stage, curriculum documents, learning resources, student characteristics, and teacher
needs were examined. The design stage produced the structure and learning content of the non-text book. The
development stage involved expert/practitioner validation and revision. The implementation stage applied the
book in classroom learning, followed by measurement of sustainability literacy, sustainability awareness, and
user responses. The evaluation stage used the quantitative findings and qualitative suggestions to judge
feasibility and identify areas for further improvement.

Product feasibility was assessed using validation instruments covering curriculum alignment, content,
language, visual design, learning evaluation, sustainability literacy, sustainability awareness, and usability. The
thesis reported CVI and CVR values of 1.00 for the content and curriculum aspects based on practitioner
validation. Student and teacher responses were collected after implementation. Sustainability literacy and
sustainability awareness were measured through pretest and posttest instruments. Data analysis included
descriptive statistics, Shapiro-Wilk normality testing, paired-sample t-tests, and N-Gain analysis. N-Gain was
interpreted as high (>0.70), medium (0.30-0.69), or low (<0.30).

Component Description

Design Research and development; ADDIE model

Participants 30 Grade 1 students; SDIT Suwarna, Bogor Regency

Trial design One-group pretest-posttest

Product Low-Carbon Education non-text book: “Ayo Kelola Sampah”

Main measures Sustainability literacy, sustainability awareness, student and teacher responses
Analysis Descriptive statistics, Shapiro-Wilk, paired-sample t-test, N-Gain, CVI/CVR

3. RESULT AND DISCUSSION

The final product is a visually oriented non-text book designed as a learning supplement rather than a
replacement for the main textbook. Its central theme is waste management. The book combines short narratives,
illustrations, factual explanations, practical activities, reflection, and simple challenges. The content connects
waste practices with carbon footprint and environmental consequences in language accessible to early-grade
learners.
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Figure 1. Cover of the developed Low-Carbon Education non-text book.

The product design reflects the characteristics of Grade 1 learners by emphasizing concrete experiences and
visual cues. The book includes activities such as identifying and sorting waste, reducing single-use materials,
creating products from used materials, and reflecting on daily environmental actions. This contextual orientation
is consistent with evidence that environmental learning is more meaningful when students can connect concepts
to familiar situations and visible actions (Pursitasari et al., 2019; Susilawati et al., 2020).

Figure 2. Representative pages showing the visual and activity-oriented design of the developed book.

The quantitative results indicate improvement in both outcome variables. Sustainability literacy increased
from a mean of 49.33 in the pretest to 79.33 in the posttest, while sustainability awareness increased from 44.67
to 81.67. The paired-sample t-test showed significant differences for sustainability literacy (t = -10.120, df =
29, p < .001) and sustainability awareness (t = -8.493, df = 29, p < .001). The normality tests reported in the
thesis supported the use of the paired-sample analysis.

Outcome Pretest Mean Posttest Mean  Mean Increase Pairedt p
Sustainability g oo 79.33 30.00 -10.120  <.001
literacy

Sustainability 44.67 81.67 37.00 -8.493 <.001

awareness

The N-Gain results show that the strongest improvement in sustainability literacy occurred in sustainability
knowledge (0.77; high category). Sustainability skills (0.28) and relevant values (0.34) were in the medium
category. This pattern suggests that a short intervention using a visual non-text book can more readily strengthen
conceptual understanding than stable skills and values, which normally require repeated practice and
reinforcement. Similar arguments are found in sustainability education research emphasizing the importance of
combining knowledge with repeated opportunities for action and reflection (Chen et al., 2022; Kuehl et al.,
2022).
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Figure 3. N-Gain across sustainability literacy domains

Sustainability awareness also improved across all measured domains. Cognitive awareness had an N-Gain
of 0.58, affective awareness 0.53, behavioral awareness 0.47, and risk awareness 0.50; all were categorized as
medium. The relatively broad improvement is important because sustainability awareness is not limited to
knowing environmental facts. It includes attitudes, perceived responsibility, behavioral orientation, and
recognition of environmental risks. This finding is in line with previous research linking sustainability
awareness with the implementation of Education for Sustainable Development (Ekamilasari et al., 2021; Sintiya
etal., 2025).

07 N-Gain of Sustainability Awareness Domains
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Figure 4. N-Gain across sustainability awareness domains

User responses further supported the practicality and acceptability of the product. The thesis reported a 99%
positive response from students and a 98% positive/practical response from teachers. These results are consistent
with the product characteristics: the book uses illustrations, short texts, dialogue, interactive prompts, and
familiar environmental activities. Similar research on visual environmental media has reported the value of
storybooks and comics for making environmental issues accessible to elementary learners (Katoppo et al., 2020;
Noh & Bae, 2024).

The findings also clarify the contribution of the present study. Earlier low-carbon education research in
Indonesia has established the importance of low-carbon teaching materials and students’ low-carbon literacy,
while other studies have explored sustainability education, environmental awareness, or digital media. The
present product focuses specifically on Grade 1 learners and combines low-carbon concepts with a non-text
book, contextual waste activities, sustainability literacy, and sustainability awareness within one integrated
learning resource. This provides a practical bridge between the conceptual goals of low-carbon education and
the concrete learning needs of early-grade students.

Nevertheless, the interpretation of effectiveness should be made cautiously. The study used a one-group
pretest-posttest design without a control group, and the field trial involved 30 students from one school.
Therefore, the observed gains demonstrate improvement after implementation but cannot by themselves
establish that the book would outperform alternative instructional approaches. Future research should employ a
larger sample, comparison groups, and follow-up measurements to examine the durability of changes in
sustainability-related behavior.

4. CONCLUSION

The study developed a Low-Carbon Education non-text book for Grade 1 elementary students using the
ADDIE model. The product was judged feasible based on validation evidence, including CVI and CVR values
of 1.00 for content and curriculum aspects. Its implementation was followed by significant improvements in
sustainability literacy and sustainability awareness. The strongest literacy gain occurred in sustainability
knowledge (N-Gain = 0.77), while skills and relevant values showed medium gains. All sustainability awareness
domains also showed medium gains. High student and teacher response percentages further indicate that the
book was acceptable and practical for classroom use. The product is therefore promising as a contextual
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supplementary resource for early sustainability education, while further controlled and longitudinal studies are
recommended.
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