HMMU Vol.6, Issue 3, pp.1433-1450, 2025

Architecture DOI: https://doi.org/10.62754/ais.v6i3.471
Image Studies © by AP2 on Creative Commons 4.0

International License (CC BY-NC 4.0)
https://journals.ap2.pt/index.php/ais/index

Mangrove Forests As A Learning Resource: Improving Students' Science
Literacy In Esd-Oriented Science Learning

Intan Indiatit, Triyanti Marfiana?, Fenny Roshayanti®
Abstract

This study examines the improvement of students' science literacy through science learning oriented
towards Education for Sustainable Development (ESD), using mangrove forests as a learning
resource. The method used is an experiment with a “Pretest-Posttest Control Group Design”, which
allows for a comparison of students' science literacy abilities before and after treatment. The
experimental class followed ESD-based learning using mangrove forests, while the control class
continued to use conventional methods. A significant difference in science literacy improvement was
found between the experimental and control groups (Mann-Whitney test, Asymp.sig. = 0.00), with
the experimental class showing a larger increase. Their average post-learning score was 75.29,
which was higher than the control group's average of 66.4. A challenge of this learning approach is
the potential danger to students from flooded forest conditions. Therefore, student health and safety
must be taken into consideration, for example, by using Personal Protective Equipment (PPE) during
visits. With this measure, ESD-based science learning in the field remains safe while effectively
improving students' science literacy.

Keywords: Mangrove Forest, ESD, Science Literacy.

Introduction

Good science learning is one that can create students' curiosity, increase scientific thinking skills,
and make students apply knowledge in everyday life (Kelana et.al, 2019). Natural Science (IPA)
learning is closely related to science literacy and environmental literacy. Both support each other in
shaping students' understanding of science and their surroundings. Teachers can boost students'
science literacy by turning the surrounding environment into a learning tool, allowing students to directly
observe the natural world and the creatures within it. This activity not only strengthens the
understanding of scientific concepts but also increases student engagement in the learning process
(Kristyowati, R., & Purwanto, A., 2019). Science education rooted in science literacy can foster a more
engaging and contextual learning experience. Good science instruction goes beyond just scientific facts
and should also highlight the significance of being environmentally conscious. Students who have good
science literacy tend to be more concerned about environmental issues (Adjie et.al, 2023).

Science literacy is part of the 21st century skills that must be mastered by students in order to be
able to keep up with the flow of global progress, while current conditions show that the science literacy
skills of Indonesian students are still low (Yusmar et.al, 2023). Referring to the score Programme for
International Student Assessment (PISA) 2022, Indonesia still ranks low in the aspect of science literacy
(Marwah et.al, 2024).

One of the main goals of science education is to create the next generation who have adequate
scientific literacy skills (Narut et.al, 2019; Ariani et.al, 2024). Science literacy can be defined as scientific
knowledge and skills to be able to identify questions, acquire new knowledge, explain scientific
phenomena, draw conclusions based on facts, understand the characteristics of science, awareness of
how science and technology shape the natural, intellectual, and cultural environment; and the
willingness to engage and care about issues related to science (Narut et.al, 2019).
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The first of four characteristics of science literacy is an awareness of how science and technology
are involved in various life situations. This is the context for assessment units and items; 2)
understanding the natural world, including technology, based on scientific knowledge that includes
knowledge of nature and knowledge of science itself; 3) competencies include identifying scientific
guestions, explaining scientific phenomena, and using scientific evidence as the basis for arguments to
draw conclusions and decisions (lbrahim et.al, 2021)

ESD or Education for Sustainable Development is an educational approach that aims to equip
individuals with the knowledge, skills, and values necessary to contribute to sustainable development
(Vioreza et.al, 2023; Alissa, 2022). ESD integrates the concept of sustainability into formal and non-
formal education curricula, and promotes an understanding of the relationship between the
environment, society, and the economy (Tristananda, 2018; Yasin, 2024). The main goal of ESD is to
raise awareness of global issues such as climate change, natural resource management, and social
justice, so that students can take appropriate and responsible actions in their daily lives (Sutanto, 2017;
Rahmayanti, 2022). Through ESD, it is hoped that future generations will be able to make sustainable
decisions and contribute to environmental conservation efforts and improve the quality of life of the
community (Ghany, 2018; Widoresmi et.al, 2024).

The implementation of ESD in Indonesia from elementary school to tertiary education level is
attempted through the integration of ESD in the school curriculum, both intracurricularly through
integration into subjects and extracurricular activities (Prabawani et.al, 2017). Education for Sustainable
Development (ESD), or in Indonesian, sustainable education, is a new global education framework that
has been approved at the conference United Nations Educational, Scientific, and Cultural Organization
(UNESCO) and recognized by the UN in 2019 (UNESCO, 2023). ESD is designed to increase
knowledge, awareness, and action towards achieving sustainable development goals (UNESCO,
2020). Science learning in Indonesia currently focuses on cognitive aspects and information delivery,
without linking it to sustainable values or Education for Sustainable Development (ESD)
(Kusumaningrum et.al, 2022; Teddy, 2023). The teaching and learning process tends to prioritize
mastery of scientific concepts and facts rather than applying concepts in everyday life contexts related
to environmental, social, and economic issues (Kusumawati, 2022; Indrawati et.al, 2019). Therefore,
there is an urgent need to integrate the ESD approach into the science curriculum so that students not
only understand science but also contribute to solutions to complex global problems (Ningrum et.al,
2021; Lestari et.al, 2022).

Natural Science (IPA) learning oriented towards Education for Sustainable Development (ESD)
aims to equip students with a deep understanding of environmental and sustainability issues, as well
as the ability to contribute to creating solutions (Latifah et.al, 2023; Vioreza et.al, 2023). In this context,
science learning does not only focus on scientific concepts, but also integrates sustainability values,
such as ecological awareness, social responsibility, and critical thinking skills (Vioreza et.al, 2023;
Sawitri et.al, 2024).

Forests can be a resource for science learning, as research conducted by Jufrida and Rahmat
(2018) shows. Forests possess scientific values, including half-life, radioactivity, and energy, in
geological diversity. Biodiversity encompasses the scientific value of classifying living things and the
environment, and cultural diversity encompasses the concepts of sound and body movement. One
suitable environment that can serve as a learning resource for students in coastal areas is the mangrove
ecosystem (Santoso et al., 2022). The forms of mangrove ecosystem service values that can be used
as teaching material include: (a) spatial and temporal changes in mangroves, (b) the richness, diversity
and distribution of mangrove species and fauna (c) the structure and function of the mangrove
ecosystem (Salahuddin et.al., 2021). Consequently, the mangrove ecosystem can be used to create
effective biology lessons on the topic of ecosystems (Santoso et.al., 2022).

Utilizing the environment as a learning resource in education provides opportunities for students
to learn directly from the world around them (Choiri, 2017; Irwandi et.al, 2020). Integrating the local
environment into the learning process will result in students being able to observe, explore, and analyze
various natural phenomena, which will not only increase their understanding of scientific concepts but
also foster a sense of love and responsibility for the environment (Saputra et.al, 2024; Solihin et.al,
2024). Activities that integrate the local environment into learning, such as observing local ecosystems,
visiting parks, or researching biodiversity around the school, can enrich students' learning experiences
and connect the theories learned in class with the realities of everyday life (Abidin et.al, 2023; Muliana,
2024).
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Mangrove forests have great potential as a rich and diverse learning resource, especially in the
context of environmental education and natural sciences (llhami et.al,2021; Wicaksono et.al, 2023;
Priesthood et.al, 2024). Mangrove forests not only function as important ecosystems that support
biodiversity, but also provide many practical lessons regarding the interaction between humans and
nature (Ganda, 2023; Meliyana, 2023). Through mangrove forest exploration, students can learn
various aspects, such as ecosystem structure, the role of mangroves in maintaining environmental
quality, and the importance of conservation for climate change mitigation and coastline protection
(Rosyid, 2020; Flassy et.al, 2022; Harefa et.al, 2023). Learning activities in mangrove forests, such as
direct observation, data collection on flora and fauna, and studies on the impact of human activities,
enable students to develop research and critical thinking skills (Arsya, 2023; Shobirin, 2024).

The design of learning implementation with mangrove forests as a learning resource can be carried
out through an interdisciplinary approach that combines theory and practice (Cahyaningtyas et. al,
2022). Given its close proximity only 2 km away the mangrove ecosystem can be used as a science
learning resource for 7th graders at SMP N 12 Pekalongan to teach them about the interactions
between living things and their environment. Combining mangrove forest exploration with an ESD
approach to improve students' science literacy through interactive learning experiences and project-
based learning is a novelty in this research.

Method

This study aims to see how ESD-based science learning in mangrove forests affects students'
science literacy. It uses a Pretest-Posttest Control Group Design to compare student abilities before
and after the intervention. Two seventh-grade classes at SMP Negeri 12 Pekalongan served as the
research sample. To evaluate the effectiveness of using mangrove forests as a learning resource,
students' science literacy was measured with a PISA-based questionnaire. This questionnaire, which
included 16 essay questions, focused on three key indicators: context, knowledge, and competence. A
pretest and posttest were administered to assess the students' progress. The test results were analyzed
using SPSS through a t-test to compare the scores between the experimental and control classes. By
using PISA-based instruments, this study ensured that the questions were relevant to international
standards and measured students' ability to understand context, master knowledge, and solve scientific
problems. Statistical data analysis helped prove whether the use of mangrove forests as an ESD-based
learning resource significantly improved students' science literacy. The aspects assessed in the PISA
science literacy measurement are listed in Table 1.

Table 1. PISA 2018 Science Literacy Aspects

Aspect Understanding

Context Students need to grasp how science and technology relate to present and
future challenges, whether they're personal, local, or global.

Knowledge A foundational scientific understanding requires knowing key facts and

ideas about the natural world and technology, along with the process of creating
new knowledge and the reasoning behind scientific practices.

Competence The ability to explain scientific events, critically assess and design
experiments, and analyze scientific data and evidence.

Research Variables

The factor being manipulated in this study is the independent variable, the use of mangrove forests
for ESD-based learning. The outcome being measured, the dependent variable, is the students' science
literacy, defined by their conceptual understanding, knowledge, and problem-solving skills.

Data analysis
Initial Data Analysis
Normality Test

To see if data has a normal distribution, you can use a normality test. For sample sizes smaller
than 100, the Shapiro-Wilk test is a good choice in SPSS. A significance value above 0.05 suggests
the data is normally distributed.
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The homogeneity test determines if research groups share the same variance. Homogeneity is
assumed when the significance value is greater than 0.05.

T-test

The T-test was used to find if there's a significant difference between the experimental and
control groups' averages, specifically comparing pre- and post-test scores. According to Ghozali (2016),
using SPSS with a 95% confidence level (a=0.05), if the sig value > 0.05, the learning method did not
improve science literacy. If sig < 0.05, it did have an effect.

Result

Based on the research results, the average value of students' science literacy was obtained as
listed in Table 2.

Table 2 Average Student Science Literacy Scores

Activity Class N Rate-rate

Pretest Experiment 24 66.33
Control 25 59.64

Posttest Experiment 24 75.29
Control 25 66.4

The data is also presented in the form of a bar chart as we can see in Figure 1.

Average Science Literacy Score

Figure 1 Average Science Literacy Score

Information:

A : Experiment Pretest

B : Pretest Control

C : Posttest Experiment

D : Posttest Control

The data shows that the experimental group's average science literacy improved from 66.33 to
75.29. The control group also saw an increase, with averages of 59.64 and 66.4 for the pretest and

posttest.

The pretest and posttest averages for the experimental class's science literacy are shown in Table
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Criteria Interval Frequency Percentage (%)
shoes Pretest Positions Pretest Positions
Very well 81-100 - 7 - 29.17
Good 61-80 15 17 62.5 70.83
Enough 41-60 9 37.5 -
Not enough 21-40 - - - -
Less than 0-20 - - - -
once

Using data from Table 3, a bar graph (Figure 2) was created to show the frequency of the average

pretest and posttest scores for science literacy in the experimental class.

rcentage of average pretest and postt
percentage of average pretest and postt

(1

experiment

st scores for class science literacy

% Pretest N\ Posttest

Figure 2. Chart lllustrating the Percentage of Average Pretest and Posttest Scores in Science Literacy for
the Experimental Class

Based on Table 3 and Figure 2, science literacy scores in the experimental class jumped
considerably, with the average pretest score of 62.5% (good) rising to an average posttest score of
29.17% (very well).

The science literacy pretest and posttest averages for the control class are shown in Table 4.

Table 4. Frequency Data of Average Pretest and Posttest Scores of Science Literacy in the Control Class

Criteria Interval Frequency Percentage (%)
shoes Pretest Positions Pretest Positions
Very well 81-100 - - - -
Good 61-80 11 22 44.0 88.0
Enough 41-60 14 3 56.0 12.0
Not enough 21-40 - - - -
Less than 0-20 - - - -
once

Using data from Table 4, a bar graph (Figure 3) was created to show the frequency of the average
pretest and posttest scores for science literacy in the control class.
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scientific literacy

% Pretest N Posttest

Figure 3. Diagram Displaying the Mean Pretest and Posttest Scores of the Control Class’s Science Literacy

The data from Table 4 and Figure 3 shows that the control class's science literacy scores remained
largely unchanged from the pretest to the posttest. This can be seen from the pretest scores, which
initially fell within the good criteria of 44% and the sufficient criteria of 56%. After the posttest, the
average scores remained the same, with the good criteria at 88% and the sufficient criteria at 12%.
Although the percentage of the good criteria tended to increase from 44% to 88%, the criteria did not

change to excellent.

Figure 4 provides a breakdown of the value descriptions for each indicator of science literacy in

the control group's posttest.

Percentage of Science Literacy Score

Each Control Class Indicator

3100 00

0 W 400

Figure 4. Chart of Science Literacy Percentages by Indicator for the Control Class

Information:

A : Knowledge

B : Competence

C : Context
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In Figure 4 it can be seen that the value posttest the science literacy scores for each indicator in
the control class were 74.00% for knowledge, 63.44% for competence, and 61.80% for context.
Meanwhile, the science literacy scores for each indicator in the experimental class can be seen in Figure
5.

Percentage of Science Literacy Score

Each Experimental Class Indicator

Figure 5. Percentage of Science Literacy Values for Each Indicator Experimental Class
Information:
A : Knowledge
B : Competence
C : Context

Figure 5 shows the experimental group's posttest scores for science literacy were: knowledge
(77.50%), competence (71.75%), and context (76.63%). Table 5, on the other hand, presents the control
group's pretest and posttest knowledge scores.

Table 5. Frequency Data of Pretest and Posttest Scores of Science Literacy in the Control Class on the
Knowledge Indicator

Criteria Interval Frequency Percentage (%)
shoes
Pretest Positions Pretest Positions
Very well 81-100 - 4 - 16
Good 61-80 8 17 32 68
Enough 41-60 17 4 68 16
Not enough 21-40 - - -
Less than 0-20 - - - -
once

The frequency data from Table 5, which covers the pretest and posttest scores of the control
class's science literacy on the knowledge indicator, is presented in a bar graph:
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Very less

Based on Table 5 and Figure 6, the average pretest score of the science literacy of the control
class on the knowledge indicator obtained the highest percentage with a value of 68.0% including
sufficient criteria and the lowest percentage with a value of 32.0% including good criteria. Meanwhile,
the average posttest score of the science literacy of the control class on the knowledge indicator
obtained the highest percentage with a value of 68.0% including good criteria and the lowest percentage
with a value of 16.0% with sufficient criteria.

Table 6 details the scores of the control group's science literacy, focusing on the competency
indicators, for both the pretest and posttest.

Table 6. Frequency Data of Pretest and Posttest Scores of Science Literacy in the Control Class on
Competency Indicators

Criteria Interval Frequency Percentage (%)
shoes
Pretest Positions Pretest Positions
Very well 81-100 - - - -
Good 61-80 13 19 52 76
Enough 41-60 12 6 48 24
Not enough 21-40 - - -
Less than 0-20 - - - -
once

The bar graph shows the frequency data for the control group's science literacy scores on the
competency indicators, with the data coming directly from Table 6:

_

N
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Figure 7. Percentage of Pretest and Posttest Scores of Science Literacy in the Control Class on
Competency Indicators

As shown in Table 6 and Figure 7, the control class's pretest competency scores had a high of
52.0% (good) and a low of 48.0% (sufficient). Posttest scores for competency were 76.0% (good) at the
high end and 24.0% (sufficient) at the low end.

Table 7 Frequency Data of Pretest and Posttest Scores of Science Literacy in the Control Class on the

Context Indicator

Criteria Interval Frequency Percentage(%)
shoes
Pretest Positions Pretest Positions
Very well 81-100 - - - -
Good 61-80 16 19 64 76
Enough 41-60 9 6 36 24
Not enough 21-40 - - -
Less than 0-20 - - - -
once

Based on Table 7, the frequency data for the pretest and posttest scores for science literacy in the
control class on the context indicator can be presented in the following bar graph:

tage of Pretest and Postt

N\ Pretest

o

nthe Control

Figure 8 Percentage of Pretest and Posttest Scores of Science Literacy in the Control Class on the Context

Indicator

Based on Table 7 and Figure 8, the control class's pretest context scores were highest at 64.0%

(good) and lowest at 36.0% (sufficient). The posttest scores saw an increase, with the highest at 76.0%
(good) and the lowest at 24.0% (sufficient).

Table 8 Frequency Data of Pretest and Posttest Scores of Science Literacy of Experimental Class on
Knowledge Indicator

Criteria Interval Frequency Percentage (%)
shoes
Pretest Positions Pretest Positions

Very well 81-100 - 5 - 20.83
Good 61-80 6 15 25 62.5
Enough 41-60 17 4 70.83 16.67
Not enough 21-40 1 - 4.17 -

Less than 0-20 - - - -

once
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The bar graph shows the frequency data for the experimental group's science literacy scores on
the knowledge indicator, with the data coming directly from Table 8:

Percentage of Pretest and Posttest Scores of Science Literacy in

Experimental Class on Knowledge Indicato

Cm \||||||||

Figure 9 Percentage of Pretest and Posttest Scores for Science Literacy in the Experimental Class on the
Knowledge Indicator

7
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According to Table 8 and Figure 9, the experimental group's pretest scores for the knowledge
indicator ranged from a high of 70.83% ("sufficient") to a low of 4.17% ("less"). The posttest scores
reflected an improvement, with the lowest score increasing to 16.67% ("sufficient”) and the highest
score being 62.5% ("good").

Table 9 Frequency Data of Pretest and Posttest Scores of Science Literacy in Experimental Class on
Competency Indicators

Criteria Interval Frequency Percentage(%)
shoes
Pretest Positions Pretest Positions
Very well 81-100 - 4 - 16.67
Good 61-80 14 18 58.33 75
Enough 41-60 10 2 41.67 8.33
Not enough 21-40 - - - -
Less than 0-20 - - - -
once

Based on Table 9, the frequency data for the pretest and posttest scores for the experimental
class' science literacy on the competency indicators can be presented in the following bar graph.

‘ercentage of Pretest and Posttast Scores for Class Science Literacy

Experiments on Competency Indicators

75

_7//%;

N FPretest Ws

Figure 10 Percentage of Pretest and Posttest Scores of Experimental Class Science Literacy on
Competency Indicators
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Based on Table 9 and Figure 10, the average pretest value of the experimental class's science
literacy on the competency indicator obtained the highest percentage with a value of 58.33%, including
good criteria, and the lowest percentage with a value of 41.67%, including sufficient criteria. Meanwhile,
the average posttest value of the experimental class's science literacy on the competency indicator
obtained the highest percentage with a value of 75%, including good criteria, and the lowest percentage
with a value of 8.33%, including sufficient criteria.

Table 10 Frequency Data of Pretest and Posttest Scores of Science Literacy of Experimental Class on
Context Indicator

Criteria Interval Frequency Percentage (%)
shoes
Pretest Positions Pretest Positions
Very well 81-100 - 3 - 12.5
Good 61-80 22 21 91.67 87.5
Enough 41-60 2 - 8.33 -
Not enough 21-40 - - - -
Less than 0-20 - - - -
once

Based on Table 10, the frequency data for the pretest and posttest scores for the experimental
class' science literacy on the context indicator can be presented in the following bar graph.

on Context Indicators

; -\ N
\ Pretest Posttest

Figure 11 Percentage of Pretest and Posttest Scores of Experimental Class Science Literacy on Context
Indicators

The experimental class's science literacy in the context indicator had a pretest high of 91.67%
(good) and a low of 8.33% (sufficient). Posttest scores ranged from a high of 87.5% (good) to a low of
12.5% (very good). The influence of using mangrove forests for learning was tested after confirming the
normality and homogeneity of both the experimental and control groups.

The normality test values for science literacy can be seen in Table 11
Table 11 Results of Normality Test on Science Literacy Scores

Tests of Normality

Kolmogorov-Smirnov2 Shapiro-Wilk
Class Statistic df Say. Statistic df Say.
Results Pretest A .189 25 .021 .924 25 .065
(Control)
Posttest A (Control) .182 25 .033 .905 25 .023
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Pretest B .158 24 123 .918 24 .052
(Experiment)

Posttest B .305 24 .000 T77 24 .000
(Experiment)

a. Lilliefors Significance Correction

The Shapiro-Wilk test revealed that both pretest datasets (experimental class: 0.052; control class:
0.065) are normal. However, the posttest datasets for both groups are not normal (experimental: 0.00;
control: 0.023). Therefore, because the independent samples T-test requires normal and homogeneous
data, the non-normal posttest data will be analyzed using the Mann-Whitney test.

The results of the Mann-Whitney test can be seen in Table 12
Table 12 Mann-Whitney Test of Science Literacy
Mann-Whitney Test

Ranks
Class N Mean Sum of
Rank Ranks
Science Literacy Learning Outcomes 24 34.02 816.50
Experimental Class
Control Class 25 16.34 408.50
Total 49
Test Statistics?
Science Literacy Learning
Outcomes
Mann-Whitney U 83.500
Wilcoxon W 408.500
WITH -4.426
Asymp. Sig. (2-tailed) .000

a. Grouping Variable: Kelas

Based on the Mann-Whitney test, there's a statistically significant difference between the two
groups (Asymp. Sig. (2-tailed) = 0.00, p < 0.05). This is further supported by the experimental group
having a higher mean rank (34.02) than the control group (16.34), showing a clear distinction in their
performance.

The study's results demonstrate that students' science literacy improves when they learn about
mangrove forests. The data reveals a more significant increase in science literacy among students in
the experimental group, who saw their average score rise from 63.33 to 75.29. In contrast, the control
group's average score only improved from 59.64 to 66.4. These results indicate that direct, hands-on
learning experiences in a natural setting like a mangrove forest are more effective for improving
students' scientific understanding.

The improvement in science literacy in the experimental class was also evident in each of the
science literacy indicators, namely knowledge, competence, and context. The posttest scores in the
experimental class for the knowledge indicator reached 77.5%, competence 71.75%, and context
76.63%. In contrast, the control class's indicator scores were relatively lower, with knowledge at 74%,
competency at 63.44%, and context at 61.8%. This difference shows that ESD-based learning through
mangrove forests not only improves theoretical understanding but also students' ability to apply
scientific concepts and understand the real environmental context.

The findings are strengthened by the Mann-Whitney test, which revealed a significant difference
between the two groups (Asymp. Sig. = 0.00). The experimental group's higher mean rank (34.02)
compared to the control group (16.34) confirms that using mangrove forests as a source of learning is
effective. This supports the conclusion that connecting science education with real-world environments
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can significantly improve students' scientific understanding and their awareness of environmental
sustainability.

Teachers can improve students' science literacy by using their surroundings, such as mangrove
forests, as a learning resource. This not only enhances students' comprehension of scientific concepts
but also builds their awareness of environmental preservation. Schools must provide adequate safety
measures, including PPE, to make these field trips effective and secure.

The recommendation from this study is for teachers to design more interactive and contextual
science learning activities by utilizing natural learning resources. Future researchers can explore
various other types of environments as learning resources, or examine the effects of similar methods
on other aspects, such as students' attitudes or motivation to learn, to obtain a more comprehensive
picture of ESD-based learning.

Conclusion
Based on the research results, it can be concluded that:

The use of mangrove forests as a learning resource in science learning improves science literacy
with significant differences in results between the control and experimental classes.

Implications

The use of mangrove forests as a learning resource in ESD-oriented science learning is expected
to be able to shape students' attitudes to play a role and contribute to sustainable development.
Students can act as volunteers for mangrove conservation and rehabilitation, conducting education and
campaigns, to spread the message of nature conservation and build public awareness about the
mangrove ecosystem.
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