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environment-based Problem-Based Learning (PBL) in
improving students’ ecological literacy and learning
outcomes in biodiversity ecology. The research was
motivated by the need to make ecology and biodiversity
learning more contextual, meaningful, and connected to
students’ surrounding environmental realities. A
quantitative pre-experimental method with a one-group
pretest-posttest design was employed. The participants were
30 seventh-grade students at SMP Negeri 2 Bokan
Kepulauan, Banggai Laut Regency, selected through
saturated sampling. Data were collected using a 25-item
multiple-choice learning outcomes test, an ecological
literacy questionnaire, and a student activity observation
sheet. The data were analyzed using the Shapiro-Wilk
normality test, Wilcoxon Signed Rank Test, normalized
gain, and descriptive percentage analysis. The results
showed a significant improvement in students’ learning
outcomes and ecological literacy after the implementation of
coastal environment-based PBL. The N-gain score for
learning outcomes reached 0.713, while ecological literacy
reached 0.74, both categorized as high. Student activity also
remained consistently high during the learning sessions.
These findings indicate that coastal environment-based PBL
is effective in enhancing students’ conceptual
understanding, ecological awareness, and active
participation in biodiversity ecology learning.

1. Introduction

The teaching of ecology and biodiversity is important in biology education because
it supports students’ understanding of the interdependence among living organisms,
the environment, and the sustainability of life. Amid environmental crises such as
pollution, habitat degradation, climate change, coastal ecosystem decline, and
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biodiversity loss, biology learning should not focus only on conceptual mastery. It
should foster ecological awareness, environmental concern, and responsible action.
Ecoliteracy, first introduced by Capra in 1997, refers to understanding the
ecological principles and patterns that sustain life on Earth (Hannah &
Varuneshwaran, 2024). It includes five interconnected dimensions: ecological
knowledge, awareness, ethics, emotion, and behavior (Ha & Dong, 2023).
Therefore, ecoliteracy is not merely understanding environmental concepts, but also
developing values, attitudes, and actions that support sustainability.

Developing ecoliteracy is urgent because environmental problems require citizens
to understand ecological issues and participate in solutions. Ecoliteracy develops
environmental biophysical knowledge, awareness, and participation in problem
solving (Safitri et al., 2023). Without environmental awareness, science and
technology may contribute to ecological imbalance (Sholihah et al., 2021).
Ecoliteracy is aligned with environmental education in The Belgrade Charter by
UNESCO-UNEP, which emphasizes knowledge, motivation, and action to solve
problems and prevent new ones (Kopnina et al., 2024). In biology learning,
ecological literacy can develop problem-solving skills, critical thinking, and
concern for nature (Nawawi & Wardhani, 2023). It can also be strengthened through
experiences connecting biological concepts with waste management, ecosystem
observation, and field-based learning (Berman, 2021; Kim et al., 2017; Minsih et
al., 2024).

However, ecology and biodiversity teaching faces challenges. Learning often
remains textual, textbook-oriented, and weakly connected to students’
environmental experiences. Instruction focused on the cognitive domain
encourages memorization without developing environmental awareness and eco-
friendly behavior (Paryanti et al., 2021). Low ecoliteracy is associated with limited
opportunities to experience, observe, and solve environmental problems (Ayu
Setyowati et al., 2024; Ramadhanti et al., 2023; Suharja et al., 2023). Ecology and
biodiversity involve organisms, abiotic factors, energy flow, food chains,
ecosystem balance, and human impacts. This complexity may create
misconceptions when learning lacks contextual experience and authentic inquiry
(Ha & Dong, 2023; Minsih et al., 2024; Nawawi & Wardhani, 2023). Other barriers
include curriculum limitations, teacher readiness, inadequate laboratory and field
facilities, and insufficient interdisciplinary integration (Hannah & Varuneshwaran,
2024; Safitri et al., 2023; Sholihah et al., 2021).

Students’ learning outcomes in ecology and biodiversity need improvement.
Learning outcomes include academic scores and encompass students’ ability to
understand concepts, relate them to real phenomena, think critically, and make
ecologically informed decisions. Weak ecological understanding is associated with
limited appreciation of the environment and conservation (Hannah &
Varuneshwaran, 2024). In megabiodiverse Indonesia, biodiversity knowledge
should be mastered from school through higher education (Ha & Dong, 2023).
Research highlights a gap between curriculum goals and classroom experiences
(Sholihah et al., 2021). his gap strengthens the need for applicable, contextual, and
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meaningful learning connecting ecological knowledge with sustainable action (Kim
et al., 2017; Minsih et al., 2024; Nawawi & Wardhani, 2023; Safitri et al., 2023).

The coastal environment can overcome textual instruction. Coastal environments
contain biodiversity, human-environment interactions, ecosystem change, and
conservation issues. Mangroves, seagrass beds, sandy beaches, estuaries, coral
reefs, shallow waters, and intertidal ecosystems serve as natural laboratories for
ecology learning (Ha & Dong, 2023; Hannah & Varuneshwaran, 2024). Coastal
ecosystems illustrate relationships among species, habitats, and conservation (Ha
& Dong, 2023). They provide shoreline protection, habitats, fisheries production,
recreation, education, and carbon storage (Minsih et al., 2024; Nawawi &
Wardhani, 2023; Verutes et al.,, 2024). Coastal areas also contextualize
urbanization, erosion, habitat change, degradation, and environmental management
(Kim et al., 2017; Sholihah et al., 2021; Verutes et al., 2024). Thus, coastal
environment-based learning makes ecological concepts concrete and meaningful.

To prevent the coastal environment from becoming an object of observation, a
model should guide students to identify problems, seek information, discuss
findings, formulate solutions, and reflect. Problem-Based Learning (PBL) uses
authentic problems to initiate active, collaborative, student-centered, contextual
problem solving (Angraini et al., 2023; Carri6 et al., 2020; Sugiharto et al., 2019).
Its stages include problem identification, strategy planning, problem-solving
activities, presentation, and reflection (Aryulina & Riyanto, 2016). PBL is
characterized by authentic problems, investigation, collaboration, idea or artifact
production, and the teacher as facilitator (Markula & Aksela, 2022; Sari &
Aprilliandari, 2021; Shuster et al., 2020; Sirajudin et al., 2024). In ecology learning,
it can engage students with coastal pollution, mangrove degradation, biodiversity
decline, and community waste behavior.

PBL can effectively improve ecoliteracy and learning outcomes by connecting
scientific concepts with real-world problems. In biodiversity learning, it relates to
everyday life and trains students to analyze their environment (Waty Hiola et al.,
2023). It supports systems reasoning (Gonczi et al., 2021) and strengthens critical
thinking, collaboration, ecological awareness, and sustainability connections (Chen
Jie & Abidin, 2024; Hernandez-Ramos et al., 2021; Himes et al., 2023; Rasi, 2021).
Research integrating PBL, coastal environments, ecoliteracy, and ecology and
biodiversity learning outcomes remains limited. Existing studies call for contextual,
empirically tested ecoliteracy models across educational settings (Hendratno et al.,
2022; Okorie, 2023; S. S. Putri et al., 2019; Setyaningsih et al., 2024). The novelty
of this study lies in the integration of coastal environment-based problems into the
stages of PBL and in the simultaneous assessment of students’ ecoliteracy and
learning outcomes in ecology and biodiversity. This approach positions the coastal
environment not merely as an object of observation, but as an authentic learning
resource through which students investigate ecological problems, construct
scientific understanding, and formulate sustainable solutions. Therefore, this study
examines the effectiveness of coastal environment-based PBL in improving
students’ ecoliteracy and learning outcomes in ecology and biodiversity.
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2. Methodology

Make sure that work can be repeated according to the details provided. It contains
technical information of the study presented clearly. Therefore, readers can conduct
research based on the techniques presented. Materials and equipment specifications
are necessary. Approaches or procedures of study together with data analysis
methods must be presented. A Explain using Sub; Instrument, Data Collection, Data
Analysis. This study employed a quantitative approach using a pre-experimental
method with a one-group pretest-posttest design. This design was used to examine
changes in students’ ecoliteracy and learning outcomes before and after the
implementation of coastal environment-based Problem-Based Learning (PBL). The
study was conducted at SMP Negeri 2 Bokan Kepulauan, Banggai Laut Regency.
The research subjects consisted of 30 Grade VII students selected through saturated
sampling because all members of the population in the selected class were involved
as research participants.

Instrument

The instruments used in this study consisted of a learning achievement test, an
ecoliteracy questionnaire, and a student activity observation sheet. The learning
achievement test consisted of 25 multiple-choice items designed to measure
students’ understanding of ecology and biodiversity concepts. The ecoliteracy
questionnaire was developed based on indicators of understanding environmental
problems, understanding ecological principles, critical thinking ability, creative
thinking ability, and the ability to evaluate the impacts of human activities on the
environment (Putri & Rezania, 2024). The questionnaire was used to measure
students’ ecoliteracy before and after the learning intervention. The student activity
observation sheet was used to monitor students’ participation and engagement
during the implementation of coastal environment-based PBL. The observed
activities included students’ involvement in identifying problems, discussing in
groups, collecting information, proposing solutions, presenting results, and
reflecting on learning activities. The learning materials and equipment used in the
study included lesson plans, student worksheets, 25-item learning achievement test
sheets, ecoliteracy questionnaires, observation sheets, and coastal environment-
based learning resources related to ecology and biodiversity.

Data Collection

Data collection was carried out in three main stages. The first stage was the
administration of the pretest to measure students’ initial learning outcomes and
ecoliteracy before the intervention. The second stage was the implementation of
coastal environment-based PBL over four meetings. During the learning process,
students were guided to identify ecological problems related to the coastal
environment, discuss possible causes, collect relevant information, analyze the
relationship between coastal environmental issues and ecology-biodiversity
concepts, and formulate possible solutions. The PBL stages included problem
orientation, group organization, investigation, presentation of findings, and
reflection. The third stage was the administration of the posttest to measure
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students’ learning outcomes and ecoliteracy after the intervention. Student activities
during each meeting were observed using the observation sheet to obtain supporting
data on student engagement during the learning process.

Data Analysis

The data were analyzed quantitatively. The Shapiro-Wilk normality test was used
to determine whether the pretest and posttest data were normally distributed.
Because the number of participants was relatively small, the Shapiro-Wilk test was
considered appropriate for testing data normality. The Wilcoxon Signed Ranks Test
was then used to determine whether there was a significant difference between
pretest and posttest scores. The level of significance was set at 0.05. In addition, the
normalized gain or N-gain was calculated to determine the level of improvement in
students’ ecoliteracy and learning outcomes after the implementation of coastal
environment-based PBL. The N-gain criteria were categorized as high if g > 0.7,
moderate if 0.3 < g < 0.7, and low if g < 0.3 (Arifin et al., 2024). Student activity
data were analyzed descriptively using percentages to describe the level of student
engagement in each meeting.

3. Results and Discussion
Result

This section presents and discusses the findings related to the effectiveness of
coastal environment-based Problem-Based Learning (PBL) in improving students’
ecoliteracy and learning outcomes in ecology and biodiversity. The results are
organized based on three main aspects: students’ learning outcomes, students’
ecoliteracy, and students’ learning activities during the implementation of PBL. The
analysis was conducted by comparing pretest and posttest scores, examining the
significance of improvement using the Wilcoxon Signed Ranks Test, calculating
the N-Gain score, and describing students’ activity during the four learning
meetings. Overall, the findings indicate that coastal environment-based PBL
contributed positively to students’ conceptual understanding, ecological awareness,
and active participation in learning. The discussion does not merely report statistical
results, but also explains why the improvement occurred and how the use of real
coastal environmental problems supported more meaningful ecology and
biodiversity learning. The percentages of student activity observed during the four
learning sessions are presented in Table 1.

Table 1. Results of Student Activity Observations

Session Precentage
Session 1 79
Session 2 89
Session 3 85

Session 4 86
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Table 1 presents the results of student activity observations across four learning
sessions, with each session assessed using the same seven aspects and
corresponding behavioral indicators: active participation in learning through
asking, answering, and responding to the teacher’s explanations; participation in
discussions through involvement in group discussions, expressing ideas, and
responding to opinions; group cooperation through collaborative work, task
sharing, and respect for group members; engagement in completing student
worksheets (LKPD) through involvement in investigative tasks; thinking and
analytical ability through processing information, integrating concepts, and
drawing conclusions; communication ability through expressing opinions and
presenting findings; and attitudes toward learning, including enthusiasm, attention,
discipline, and responsibility. Student activity increased from 79% in Session 1 to
89% in Session 2, slightly decreased to 85% in Session 3, and rose again to 86% in
Session 4, indicating consistently high levels of participation, cooperation,
analytical engagement, communication, and positive learning attitudes throughout
the learning process. Before testing the difference between the pretest and posttest
scores, the normality of the academic achievement data was examined using the
Shapiro-Wilk test, as presented in Table 2.

Table 2. Results of the Normality Test for Academic Achievement Data

Class Shapiro-Wilk
Statistic df Sig.
Value Pre Test 0,844 30 0,000
Post Test 0,952 30 0,196

Table 2 presents the results of the normality test for students’ academic
achievement data using the Shapiro-Wilk test. The pretest data obtained a Shapiro-
Wilk statistic value of 0.844 with a significance value of 0.000. Since the
significance value was lower than 0.05, the pretest data were not normally
distributed. Meanwhile, the posttest data obtained a Shapiro-Wilk statistic value of
0.952 with a significance value of 0.196. This significance value was higher than
0.05, indicating that the posttest data were normally distributed. Therefore, the
academic achievement data did not fully meet the assumption of normality because
one of the datasets, namely the pretest data, was not normally distributed. Based on
this result, the analysis of the difference between pretest and posttest scores was
continued using a non-parametric statistical test, namely the Wilcoxon Signed
Ranks Test, as shown in Table 3.

Table 3. Results of the Wilcoxon Signed Rank Test for Academic Achievement

Data
N Mean Sum of V4 Asymptotic Sig.(2-
Rank Ranks sided test)

Posttest Negative 0? .00 00 -4.790° <.001
Pretest Ranks

Positive 30b 15.50 465.00

Ranks

Ties 0°

Total 30
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Table 3 presents the results of the Wilcoxon Signed Rank Test for students’
academic achievement before and after the implementation of coastal environment-
based Problem-Based Learning. The results show that there were no negative ranks,
indicating that no student experienced a decrease in posttest scores compared to
pretest scores. All 30 students were categorized under positive ranks, with a mean
rank of 15.50 and a sum of ranks of 465.00, showing that all students achieved
higher scores after the learning intervention. The Wilcoxon test produced a Z value
of -4.790 with an Asymptotic Sig. (2-sided) value of <.001. Since this significance
value was lower than 0.05, it can be concluded that there was a statistically
significant difference between students’ pretest and posttest scores. These findings
indicate that coastal environment-based Problem-Based Learning significantly
improved students’ academic achievement in ecology and biodiversity learning. To
determine the magnitude of improvement in students’ academic achievement, the
N-gain score was calculated, as presented in Table 4.

Table 4. N-gain Scores for Learning Outcomes

N-Gain Score Category
0,713 High

Table 4 presents the N-gain score for students’ learning outcomes after the
implementation of coastal environment-based Problem-Based Learning. The
analysis showed an N-gain score of 0.713, which falls into the high category. This
result indicates that the improvement in students’ learning outcomes from pretest
to posttest was not only statistically significant but also educationally meaningful.
The high N-gain score suggests that the learning intervention effectively supported
students in understanding ecology and biodiversity concepts. Therefore, coastal
environment-based Problem-Based Learning can be considered an effective
instructional approach for improving students’ academic achievement in ecology
and biodiversity learning. The normality of the students’ ecoliteracy pretest and
posttest scores was also examined using the Shapiro-Wilk test, as presented in Table
5.
Table 5. Results of the Normality Test for Ecoliteracy Data

Class Shapiro-Wilk
Statistic df Sig.
Ecolitercy Pre Test 0,784 30 0,000
Post Test 0,973 30 0,622

Table 5 presents the results of the normality test for students’ ecoliteracy data using
the Shapiro-Wilk test. The pretest ecoliteracy data obtained a Shapiro-Wilk statistic
value of 0.784 with a significance value of 0.000. Since the significance value was
lower than 0.05, the pretest data were not normally distributed. Meanwhile, the
posttest ecoliteracy data obtained a Shapiro-Wilk statistic value of 0.973 with a
significance value of 0.622. Since this significance value was higher than 0.05, the
posttest data were normally distributed. Therefore, the ecoliteracy data did not fully
meet the assumption of normality because the pretest data were not normally
distributed. Based on this result, the analysis was continued using a non-parametric
test, namely the Wilcoxon Signed Rank Test, to determine whether there was a
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significant difference between students’ ecoliteracy scores before and after the
implementation of coastal environment-based Problem-Based Learning. Since the
ecoliteracy pretest data were not normally distributed, the difference between the
pretest and posttest scores was analyzed using the Wilcoxon Signed-Rank Test, as
shown in Table 6.

Table 6. Results of the Wilcoxon Signed-Rank Test for Ekoliterasi Data

N Mean Sum of V4 Asymptotic Sig.(2-
Rank Ranks sided test)

Posttest ~ Negative 0? .00 00  -4.785° <.001
Pretest Ranks

Positive 30° 15.50 465.00

Ranks

Ties 0°¢

Total 30

Table 6 shows the results of the Wilcoxon Signed-Rank Test for students’
ecoliteracy scores. All 30 students obtained higher posttest scores than pretest
scores, as indicated by 30 positive ranks, with no negative ranks or ties. The test
produced a Z value of —4.785 and a significance value of p < .001, indicating a
statistically significant improvement in students’ ecoliteracy after the
implementation of coastal environment-based Problem-Based Learning. To
determine the magnitude of improvement in students’ ecoliteracy, the average N-
gain score was calculated, as presented in Table 7.

Table 7. Average N-Gain Scores for Ekoliterasi

N-Gain Score Category
0,74 High

Table 7 presents the average N-gain score for students’ ecoliteracy after the
implementation of coastal environment-based Problem-Based Learning. The
analysis showed an N-gain score of 0.74, which is categorized as high. This finding
indicates that students’ ecoliteracy improved substantially after participating in the
learning intervention. The high N-gain score suggests that coastal environment-
based Problem-Based Learning effectively supported students in understanding
environmental problems, ecological principles, critical and creative thinking, and
the impacts of human activities on ecosystems. Therefore, this learning approach
can be considered effective in enhancing students’ ecoliteracy in ecology and
biodiversity learning. To provide a more detailed comparison of improvement
across the five ecoliteracy indicators, the N-gain scores for each indicator are
illustrated in Figure 1.




Nyoman Sriastuti et al. / Journal of Educational Sciences Vol. 10 No. 8 (Aug, 2026) 117-136 125

1,00

0,82
0,74 0,76 0,74 ’
0,30 0,63
= 0,60
S 0,40
Z 0,20
=
5 0,00
= Understanding Understanding Critical Creative  Ability to assess
J_',' of of ecological thinking skills thinking skills the impact of
environmental principles in problem- human
issues solving activities
Indicators

Figure 1. Ecoliteracy N-Gain Scores by Indicator

Figure 1 presents the N-gain scores of students’ ecoliteracy based on five indicators.
The highest improvement was found in the indicator of the ability to evaluate the
impacts of human activities, with an N-gain score of 0.82, which falls into the high
category. This was followed by critical thinking ability with an N-gain score of
0.76, understanding ecological principles and creative thinking in solving problems,
each with an N-gain score of 0.74, all of which were categorized as high.
Meanwhile, the indicator of understanding environmental problems obtained the
lowest N-gain score of 0.63, which was categorized as moderate. Overall, these
results indicate that coastal environment-based Problem-Based Learning was
effective in improving most aspects of students’ ecoliteracy, particularly in helping
students analyze human impacts on ecosystems, understand ecological principles,
and develop critical and creative thinking in solving environmental problems. The
pattern of student activity across the four learning sessions is further illustrated in

Figure 2.
89 85 86
79
80 I I I I

Session 1 Session 2 Session 3 Session 4
Sessions

Precentage (%)
=N W A NN
[T — I — I B —— I ]

<

Figure 2. Percentage of Student Activity per Session

Figure 2 presents the percentage of student activity during the four learning sessions
using coastal environment-based Problem-Based Learning. The results show that
student activity was consistently high across all sessions. In the first session, student
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activity reached 79%, indicating that students were already actively involved at the
beginning of the learning process. The percentage increased to 89% in the second
session, showing the highest level of participation during the intervention. In the
third and fourth sessions, student activity remained stable at 85%, suggesting that
students maintained active engagement throughout the learning process. Overall,
these findings indicate that coastal environment-based Problem-Based Learning
encouraged students to participate actively in problem identification, group
discussion, investigation, presentation, and reflection. This high level of student
activity supports the effectiveness of the learning model in creating an interactive
and meaningful ecology and biodiversity learning environment.

Discussions

The findings indicate that coastal environment-based Problem-Based Learning
(PBL) provides a meaningful pedagogical pathway for improving both students’
ecological literacy and learning outcomes in biodiversity ecology. The benefit of
this result lies not only in the increase of students’ post-intervention performance,
but also in the way the learning model transformed ecology and biodiversity
learning from abstract classroom knowledge into contextual, problem-oriented, and
action-based learning. This is important because biology education often faces the
challenge of conventional, teacher-centered instruction that limits students’ active
participation and conceptual understanding (Elkhidir, 2020; Kurnianti & Arif,
2025; Usman et al., 2024). Through coastal environment-based PBL, students were
positioned as active problem-solvers who examined real ecological issues,
discussed possible causes, and constructed solutions collaboratively. This learning
situation is consistent with studies showing that PBL improves academic
achievement, content retention, critical thinking, motivation, and student
engagement in science and biology education (Tonda et al., 2024; Yamin et al.,
2024)

The improvement in learning outcomes can be explained by the contextual nature
of the coastal environment as a learning resource. Coastal ecosystems, such as
mangroves, seagrass beds, coral reefs, estuaries, and intertidal areas, provide
authentic examples of biodiversity, ecological interactions, habitat zonation,
ecosystem services, and human impacts. When students learn biodiversity ecology
through familiar coastal phenomena, concepts such as species diversity, food
chains, ecosystem balance, habitat degradation, and conservation become easier to
understand because they are connected to observable realities. Previous studies
emphasize that coastal environments function as living laboratories that support
experiential, place-based, and multidimensional learning (Elkhidir, 2020; Kurnianti
& Arif, 2025; Usman et al., 2024). This explains why the learning intervention was
beneficial: students did not merely receive biological information, but interpreted
ecological concepts through real environmental conditions that were close to their
daily lives.

The findings also show that coastal environment-based PBL strengthened students’
ecological literacy. Ecological literacy requires more than knowing environmental
facts; it involves ecological knowledge, awareness, values, attitudes, skills, and
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responsible behavior. This multidimensional nature of ecoliteracy requires learning
approaches that engage students cognitively, emotionally, socially, and practically.
PBL is relevant because it begins with authentic environmental problems and
requires students to analyze, investigate, collaborate, and formulate solutions. This
aligns with the view that ecoliteracy should develop students’ understanding of
ecological systems, systems thinking, empathy for living things, and the ability to
act sustainably (Kadarisman & Pursitasari, 2023; Kopnina et al., 2024; Okorie,
2023). The result is also supported by studies explaining ecoliteracy through the
“head, heart, hands, and spirit” domains, as well as through ecological, social,
emotional, economic, and green consumer dimensions (Majumdar & Chatterjee,
2022; Sholeh, 2017). Therefore, the benefit of this study is that it demonstrates how
PBL can become a practical model for developing ecoliteracy in an ecology and
biodiversity classroom.

The use of real coastal environmental problems also helps explain the improvement
in students’ ecological awareness and responsibility. Real environmental issues,
such as coastal waste, mangrove degradation, habitat disturbance, erosion, and
biodiversity decline, allow students to see the direct relationship between ecological
principles and human activities. This is important because environmental
knowledge alone does not always produce responsible behavior. Students need
learning experiences that connect knowledge with emotional engagement, social
participation, and action competence (Ninsiana et al., 2024; Safitri et al., 2023;
Yudistira et al., 2025). The coastal context allowed students to understand that
ecological problems are not distant or theoretical, but part of their own
environment. Such learning can bridge the knowledge-action gap by encouraging
students to evaluate human impacts, identify possible solutions, and develop a sense
of responsibility toward ecosystem sustainability (Campbell et al., 2021; Marouli,
2021).

The variation in N-gain scores across the ecoliteracy indicators demonstrates that
coastal environment-based PBL did not influence all dimensions of ecoliteracy
equally. The ability to evaluate the impacts of human activities obtained the highest
N-gain score of 0.82 because this indicator was closely aligned with the authentic
problems and investigative activities presented during the learning process. Coastal
problems such as waste accumulation, mangrove degradation, habitat disturbance,
erosion, and biodiversity decline provided observable evidence of the relationship
between human actions and ecological consequences. Through problem orientation,
group discussion, investigation, presentation, and reflection, students repeatedly
identified human activities, analyzed their environmental impacts, compared
possible consequences, and formulated solutions. These processes required
evaluative reasoning rather than the simple recall of ecological information (Hartati
etal., 2023). Therefore, the coastal environment functioned not merely as a learning
location but as an authentic source of evidence that strengthened students’ ability
to analyze cause-and-effect relationships between human behavior and ecosystem
change. This interpretation is consistent with studies showing that authentic
environmental and socio-scientific problems in PBL can promote critical thinking,
evidence-based reasoning, environmental problem-solving, and biodiversity
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literacy (Hernandez-Ramos et al., 2021; Qing Gao & Rebecca L. Hite, 2018; Waty
Hiola et al., 2023).

In contrast, understanding environmental problems obtained the lowest N-gain
score of 0.63 and remained in the moderate category. This finding may be related
to the multidimensional nature of environmental problems, which requires students
to integrate ecological, social, economic, and behavioral factors. Students may have
been able to identify visible symptoms, such as coastal waste, habitat degradation,
or biodiversity decline, but may still have experienced difficulty distinguishing
immediate causes, underlying drivers, long-term consequences, and interactions
among environmental system components. Understanding environmental problems
therefore requires a broader conceptual framework than evaluating directly
observable human impacts. In addition, the four-session intervention may have
provided sufficient opportunities to examine concrete ecological consequences but
may not have been long enough to develop comprehensive systems-level
understanding. Differences in students’ prior knowledge and familiarity with
ecological concepts may also have influenced the moderate improvement. Previous
studies indicate that students’ ecoliteracy varies across knowledge, awareness,
attitudes, and behavioral dimensions, while complex environmental understanding
requires contextual teaching materials, conceptual scaffolding, and sustained
learning experiences (Paryanti et al., 2021; Ramadhanti et al., 2023; Zidan et al.,
2023).

Student activity during the learning sessions also provides an important explanation
for the effectiveness of the intervention. High and sustained student engagement
indicates that the learning process encouraged students to participate actively in
identifying problems, discussing in groups, conducting investigations, presenting
findings, and reflecting on learning experiences (Mustika et al., 2024). Engagement
is a key mechanism through which PBL improves learning outcomes and
ecoliteracy because it activates cognitive, behavioral, emotional, and social
participation. When students are engaged in meaningful environmental problems,
they process information more deeply, maintain motivation, build shared
understanding, and develop stronger connections with ecological issues (Mercan &
Varol Selguk, 2024; Paraskeva-Hadjichambi et al., 2020; Zidan et al., 2023). In this
sense, student activity was not merely a supporting observation; it was a learning
condition that helped transform coastal environmental issues into meaningful
ecological understanding. This is consistent with the idea that effective learning
ecosystems require social engagement, motivation, and self-directed participation
(Redmond & Mactfadyen, 2020).

The high N-Gain category obtained in both learning outcomes and ecoliteracy
indicates that the intervention produced substantial and educationally meaningful
improvement. In science education research, N-Gain is commonly used to measure
how much of the possible learning improvement has been achieved after an
intervention. A high N-Gain suggests that students captured a large proportion of
the possible gain from their initial level toward the expected level of mastery
(Elkhidir, 2020; Kurnianti & Arif, 2025). This strengthens the interpretation that
coastal environment-based PBL was not only statistically effective, but also
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pedagogically valuable (Ardiana et al., 2025). However, this interpretation should
still be made carefully because N-Gain should be understood together with the
research design, statistical significance, learning context, and possible student-
related factors (Kopnina et al., 2024). Therefore, the benefit of the result is not
simply that scores increased, but that the learning intervention created a measurable
and meaningful improvement in students’ ecological understanding.

The Wilcoxon Signed-Rank Test showed that all 30 students achieved higher
posttest scores than pretest scores, with no negative ranks or tied scores. This
uniform direction of improvement is noteworthy because it indicates that the
learning gains occurred across the entire participating class rather than only among
a small number of high-performing students. Several characteristics of the
intervention may have contributed to this pattern. The use of coastal environmental
problems that were familiar and relevant to students may have reduced the distance
between abstract ecological concepts and observable phenomena in their
surroundings. Furthermore, group investigation, peer discussion, worksheet
completion, presentation, and reflection provided multiple opportunities for
students to construct knowledge, exchange information, and receive support from
their peers and teacher. Previous studies suggest that active, collaborative, and
problem-oriented learning can increase students’ engagement, scientific literacy,
inquiry competence, critical thinking, and readiness to solve contextual problems
(Angraini et al., 2023; Aryulina & Riyanto, 2016; Carri¢ et al., 2020; Rasi, 2021).
The relatively homogeneous characteristics of one intact Grade VII class may also
have created similar instructional conditions for all participants. However, the
absence of negative and tied ranks may additionally have been influenced by the
alignment between instructional activities and assessment instruments, repeated
exposure to ecological concepts, increased motivation, and students’ familiarity
with the assessment format after completing the pretest.

The findings have important implications for science learning in coastal schools.
Coastal schools are located near ecosystems that can serve as authentic learning
resources, yet these environments are often underused in classroom instruction.
Previous studies show that coastal environment-based learning can strengthen
environmental literacy, conservation character, local ecological knowledge, and
students’ connection with community-based environmental issues (Fenny et al.,
2019; Sukri, 2023; Yuliani et al., 2024). In this study, the use of coastal
environmental problems enabled students to learn biodiversity ecology through
issues that were relevant to their own surroundings. This supports the argument that
coastal PBL can make science learning more culturally and ecologically responsive,
especially in schools located in island, marine, or coastal areas. It can also help
teachers design lessons that connect curriculum content with local environmental
realities.

Beyond classroom achievement, the results also suggest broader educational
benefits. Coastal environment-based PBL can contribute to environmental
citizenship by preparing students to understand, value, and protect their local
ecosystems. When science learning is connected to coastal problems, students may
develop conservation awareness, problem-solving competence, and responsibility
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toward sustainable resource management. This is consistent with studies
emphasizing the importance of local wisdom, coastal biodiversity, land-sea
interface education, global ocean awareness, and community empowerment in
coastal education (Bryhn & Belgrano, 2023; Katili et al., 2018; Qing Gao &
Rebecca L. Hite, 2018; Sugito et al., 2019). Thus, the implication of this study
extends beyond improving test scores; it supports the development of students as
young ecological actors who can participate in protecting coastal environments.

Nevertheless, the findings should be interpreted within the limitations of the
research design. This study used a one-group pretest-posttest design, so the
observed improvements cannot be attributed exclusively to coastal environment-
based PBL. The absence of a comparison group makes it difficult to separate the
effects of the intervention from testing, maturation, and other time-related
influences (Knapp, 2016). Therefore, future research should involve control groups,
larger samples, and longer intervention periods to strengthen causal interpretation.
Further studies may also examine whether improvements in ecoliteracy are
sustained over time and whether they influence students’ actual environmental
behavior outside the classroom. Despite these limitations, the present study offers
practical evidence that coastal environment-based PBL is a beneficial learning
model for biodiversity ecology because it integrates conceptual learning, active
participation, ecological awareness, critical and creative thinking, and
environmental responsibility in one coherent learning process.

4. Conclusion

This study concludes that coastal environment-based Problem-Based Learning was
effective in improving students’ ecological literacy and learning outcomes in
biodiversity ecology. The learning model successfully connected scientific
concepts with real coastal environmental issues, allowing students to understand
ecology and biodiversity in a more contextual, meaningful, and problem-oriented
way. Through the stages of problem identification, group discussion, investigation,
presentation, and reflection, students were encouraged to participate actively, think
critically, propose creative solutions, and evaluate the relationship between human
activities and ecosystem sustainability. The findings show that this approach did
not only support conceptual understanding, but also strengthened students’
ecological awareness and responsibility toward their surrounding environment.

The success of this research indicates that coastal environments can be used as
authentic learning resources, especially for schools located in coastal or island
areas. Teachers can adapt this model to make science learning more relevant to
students’ daily lives and local environmental conditions. Future research should
involve broader samples, comparison groups, longer implementation periods, and
follow-up studies to examine whether improvements in ecological literacy are
sustained and reflected in students’ real environmental behavior.




Nyoman Sriastuti et al. / Journal of Educational Sciences Vol. 10 No. 8 (Aug, 2026) 117-136 131

References

Angraini, E., Zubaidah, S., & Susanto, H. (2023). TPACK-based Active Learning
to Promote Digital and Scientific Literacy in Genetics. Pegem Journal of
Education and Instruction, 13(02).
https://doi.org/10.47750/pegegog.13.02.07

Ardiana, R. N., Rizal, Pahriadi, Zulnuraini, & Lapasere, S. (2025). The Effect of
Problem-Based Learning Model Assisted by Wordwall Application on
Student Learning Outcomes in Grade V IPAS Subject. 9(4).

Arifin, S., Yuniardi, S., Karmiyati, D., Hasanati, N., Winarsunu, T., &
Suryaningrum, C. (Eds). (2024). Families Mental Health and Challenges in
the 21st Century: Proceedings of the Ist International Conference of
Applied Psychology on Humanity (ICAPH 2022), Malang, Indonesia, 27
August 2022. Taylor & Francis.

Aryulina, D., & Riyanto, R. (2016). A PROBLEM-BASED LEARNING MODEL
IN BIOLOGY EDUCATION COURSES TO DEVELOP INQUIRY
TEACHING COMPETENCY OF PRESERVICE TEACHERS. Jurnal
Cakrawala Pendidikan, 1(1). https://doi.org/10.21831/cp.v111.8364

Ayu Setyowati, O., Purwanto, A., & Sarifah, I. (2024). The Influence Of Project-
Based Learning And Eco-Literacy On Students’ Higher-Order Thinking
Skills. Eduvest - Journal of Universal Studies, 4(7), 5838-5848.
https://doi.org/10.59188/eduvest.v4i7.1336

Berman, N. (2021). Environmental Education Catalyzed by Tourism: Ecoliteracy
Initiatives on the Coast of Kenya. Sustainability, 13(15), 8501.
https://doi.org/10.3390/sul3158501

Bryhn, A. C., & Belgrano, A. (2023). Teaching, learning and assessment methods
for sustainability education on the land—sea interface. Discover
Sustainability, 4(1), 3. https://doi.org/10.1007/s43621-023-00120-2

Campbell, C., Lackovi¢, N., & Olteanu, A. (2021). A “Strong” Approach to
Sustainability Literacy: Embodied Ecology and Media. Philosophies, 6(1),
14. https://doi.org/10.3390/philosophies6010014

Carri6, M., Rodriguez, G., & Bafios, J.-E. (2020). Effect of PBL implementation on
student and teacher perceptions of improvement in 21st century skills. In
Review. https://doi.org/10.21203/rs.2.24744/v1

Chen Jie, & Abidin, M. J. B. Z. (2024). Technological Integration in Ecological
Civilization Education: A Mixed-Methods Exploration in Chinese Tertiary
Institutions  within the Intelligent FEra. Eximia, 13, 220-230.
https://doi.org/10.47577/eximia.v13i1.443

Elkhidir, N. (2020). Effective Teaching strategies in biological education: Present
and future prospects. Open Science Journal, 5(4).
https://doi.org/10.23954/0sj.v514.2550

Fenny, R., Azizul Ghofar, C. W., & Ipah, B. M. (2019). The Effect of Problem
Based Learning for Student’s Environmental Literacy. Proceedings of the
Ist International Conference on Education and Social Science Research
(ICESRE 2018). Proceedings of the Ist International Conference on
Education and Social Science Research (ICESRE  2018).
https://doi.org/10.2991/icesre-18.2019.44




132 Nyoman Sriastuti et al. / Journal of Educational Sciences Vol. 10 No. 8 (Aug, 2026) 117-136

Gonczi, A., Bergman, B., & Huntoon, J. (2021). Three-Dimensional, Problem-
Based Instruction in Middle School: Do students Need to Get Down and
Dirty to Learn Ecology? In Review. https://doi.org/10.21203/rs.3.rs-
242684/v1

Ha, C., & Dong, S. (2023). Identifying the Most Ecoliterate Inhabitants in a Top-
Ten Ecologically Advanced City of China: A Sociodemographic
Perspective. Sustainability, 15(4), 3054.
https://doi.org/10.3390/su15043054

Hannah, B., & Varuneshwaran, S. (2024). Ecoliteracy to Achieve Sustainable
Development  Goals. ComFin  Research, 12(S1-Feb), 32-37.
https://doi.org/10.34293/commerce.v12iS1-Feb.7353

Hartati, F. D., Islami, N., & Rahmad, M. (2023). Needs Analysis of Learning Video
Development Using Edpuzzle Based Problem Based Learning to Improve
Critical Thinking Skills of High School Students. Journal of Educational
Sciences, 7(1), 27. https://doi.org/10.31258/jes.7.1.p.27-34

Hendratno, H., Yermiandhoko, Y., & Yasin, F. N. (2022). Development of
Interactive Story Book For Ecoliteration Learning to Stimulate Reading
Interest in Early Grade Students Elementary School. IJORER : International
Journal  of  Recent  Educational  Research,  3(1), 11-31.
https://doi.org/10.46245/ijorer.v3il.179

Hernandez-Ramos, J., Pernaa, J., Céceres-Jensen, L., & Rodriguez-Becerra, J.
(2021). The Effects of Using Socio-Scientific Issues and Technology in
Problem-Based Learning: A Systematic Review. Education Sciences,
11(10), 640. https://doi.org/10.3390/educscil 1100640

Himes, M. P., Spires, H. A., Krupa, E. E., Borden, M. L., & Eagle, J. L. (2023).
Project-Based Inquiry (PBI) Global during a Pandemic: A New Learning
Ecology  Perspective. Education Sciences, 13(11), 1099.
https://doi.org/10.3390/educscil3111099

Kadarisman, I., & Pursitasari, I. D. (2023). Eco-literacy in Science Learning: A
Review and Bibliometric Analysis. Jurnal Pendidikan Indonesia Gemilang,
3(2), 134—148. https://doi.org/10.53889/jpig.v3i2.197

Katili, A. S., Utina, R., Tamu, Y., & Nusantari, E. (2018). Management of coastal
biodiversity based on social-cultural values in constructing conservation
character education. Biodiversitas Journal of Biological Diversity, 19(5),
1763—1768. https://doi.org/10.13057/biodiv/d190524

Kim, G., Vaswani, R., Kang, W., Nam, M., & Lee, D. (2017). Enhancing
Ecoliteracy through Traditional Ecological Knowledge in Proverbs.
Sustainability, 9(7), 1182. https://doi.org/10.3390/su9071182

Knapp, T. R. (2016). Why Is the One-Group Pretest—Posttest Design Still Used?
Clinical Nursing Research, 25(5), 467-472.
https://doi.org/10.1177/1054773816666280

Kopnina, H., Hughes, A. C., Zhang, R. (Scarlett), Russell, M., Fellinger, E., Smith,
S. M., & Tickner, L. (2024). Business education and its paradoxes: Linking
business and biodiversity through critical pedagogy curriculum. British
Educational Research Journal, 50(6), 2712-2734.
https://doi.org/10.1002/berj.4048

Kurnianti, A., & Arif, A. (2025). Pengaruh Penerapan Strategi Active Learning
Tipe Peer Lesson Berbantuan Power Point Terhadap Hasil Belajar Biologi




Nyoman Sriastuti et al. / Journal of Educational Sciences Vol. 10 No. 8 (Aug, 2026) 117-136 133

Siswa. Jurnal Studi Guru Dan Pembelajaran, 8(3), 1501-1511.
https://doi.org/10.30605/jsgp.8.3.2025.6493

Majumdar, K., & Chatterjee, D. (2022). Ecoliteracy among Tribals in Eastern India.
South Asia Research, 42(1), 76-92.
https://doi.org/10.1177/02627280211056838

Markula, A., & Aksela, M. (2022). The key characteristics of project-based
learning: How teachers implement projects in K-12 science education.
Disciplinary and Interdisciplinary Science Education Research, 4(1), 2.
https://doi.org/10.1186/s43031-021-00042-x

Marouli, C. (2021). Sustainability Education for the Future? Challenges and
Implications for Education and Pedagogy in the 2l1st Century.
Sustainability, 13(5), 2901. https://doi.org/10.3390/su13052901

Mercan, G., & Varol Selcuk, Z. (2024). Enhancing Environmental Education
Through Location-Based Games (LBGs) in Biology Education. Sosyal
Bilimler ve Egitim Dergisi. https://doi.org/10.53047/josse.1482649

Minsih, M., Utami, R. D., Rahayu, D., Nurlaila, M., Tadzkiroh, U., & Raisia, A.
(2024). Ecoliteracy as Deep Learning Innovation Realizing the Primary
School Literacy Movement in the Freedom of Learning Era. In H. J.
Prayitno, Y. Sidiq, & N. Ishartono (Eds), Proceedings of the 3rd
International Conference on Education for All (ICEDUALL 2023) (Vol.
822, pp. 55-64). Atlantis Press SARL. https://doi.org/10.2991/978-2-
38476-226-2 6

Mustika, L., Yantoro, Y., & Sastrawati, E. (2024). Application of the TPACK
Approach in Increasing Student Learning Activity Through the PBL Model
in Mathematics Learning in Class V Elementary Schools. Journal of
Educational Sciences, 8(1), 103. https://doi.org/10.31258/jes.8.1.p.103-117

Nawawi, N., & Wardhani, R. (2023). Ecoliteracy-Based Bioentrepreneurship:
Improving the Culture of Plastic Waste Processing. In J. Handhika, M.
Lukitasari, S. Ricahyono, & D. A. Nugraha (Eds), Proceedings of the 3rd
International Conference on Education and Technology (ICETECH 2022)
(Vol. 745, pp. 283-290). Atlantis Press SARL. https://doi.org/10.2991/978-
2-38476-056-5_30

Ninsiana, W., Septiyana, L., & Suprihatin, Y. (2024). Introducing eco-literacy to
early childhood students through digital learning. Journal of Education and
Learning (EduLearn), 18(1), 89-96.
https://doi.org/10.11591/edulearn.v18i1.20678

Okorie, C. U. (2023). PROMOTING CLIMATE CHANGE AWARENESS
AMONG COASTAL COMMUNITIES THROUGH ECOLITERACY.
International Journal of Research -GRANTHAALAYAH, 11(3).
https://doi.org/10.29121/granthaalayah.v11.i3.2023.5080

Paraskeva-Hadjichambi, D., Goldman, D., Hadjichambis, A. Ch., Parra, G., Lapin,
K., Knippels, M.-C., & Van Dam, F. (2020). Educating for Environmental
Citizenship in Non-formal Frameworks for Secondary Level Youth. In A.
Ch. Hadjichambis, P. Reis, D. Paraskeva-Hadjichambi, J. Cingera, J. Boeve-
de Pauw, N. Gericke, & M.-C. Knippels (Eds), Conceptualizing
Environmental Citizenship for 21st Century Education (Vol. 4, pp. 213—
235). Springer International Publishing. https://doi.org/10.1007/978-3-030-
20249-1 14




134 Nyoman Sriastuti et al. / Journal of Educational Sciences Vol. 10 No. 8 (Aug, 2026) 117-136

Paryanti, S., Pursitasari, . D., & Rubini, B. (2021). Ecoliteracy of Junior High
School Students in Science Lesson on Environmental Pollution Theme.
Scientiae Educatia, 10(1), 12.
https://doi.org/10.24235/sc.educatia.v10i1.8073

Putri, R. M., & Rezania, V. (2024). Peningkatan Ekoliterasi dan Hasil Belajar Siswa
melalui Model PjBL pada Materi Pelestarian Lingkungan. Jurnal Papeda:
Jurnal Publikasi Pendidikan Dasar, 6(2), 147-160.
https://doi.org/10.36232/jurnalpendidikandasar.v6i2.5966

Putri, S. S., Japar, M., & Bagaskorowati, R. (2019). Increasing ecoliteracy and
student creativity in waste utilization by usingmodels in project based
learning social studies learning. International Journal of Evaluation and
Research in Education (IJERE), 8(2), 255.
https://doi.org/10.11591/ijere.v8i2.18901

Qing Gao & Rebecca L. Hite. (2018). Developing Global Awareness and Twenty-
First Century Skills Using PBL on Ocean Pollution. US-China Education
Review A, 8(8). https://doi.org/10.17265/2161-623X/2018.08.003

Ramadhanti, G. N., Pursitasari, I. D., & Rachman, 1. (2023). Ecoliteracy Analysis
and Science Teaching Materials: Survey in Junior High Schools. Jurnal
Pendidikan Sains, 11(1), 20. https://doi.org/10.17977/jps.v11i112023p020

Rasi, P. (2021). Problem-based Learning into the Future. Imagining an Agile PBL
Ecology for Learning. [Interdisciplinary Journal of Problem-Based
Learning, 15(1). https://doi.org/10.14434/ijpbl.v1511.31724

Redmond, W. D., & Macfadyen, L. P. (2020). A Framework to Leverage and
Mature Learning Ecosystems. International Journal of Emerging
Technologies in Learning (iJET), 15(05), 75.
https://doi.org/10.3991/ijet.v15105.11898

Safitri, I. Y. B., Asip, M., Rakhmawati, Y., & Elitasari, H. T. (2023). Ecoliteration
Ability of Studens in Elementary Schools: Systematic Literature Review.
Al-Aulad: Journal of Islamic Primary Education, 6(1), 1-11.
https://doi.org/10.15575/al-aulad.v6i1.23817

Sari, W. P., & Aprilliandari, D. 1. (2021). The Development of PBL Integrated
Bioenvironmentalscience App (BES App) for Environmental Learning.
BIOEDUSCIENCE, 5(3), 264-271. https://doi.org/10.22236/j.bes/537799

Setyaningsih, D., Handasah, Rr. R., Mamma, A. T., Krobo, A., Olua, E., & Iryouw,
V. (2024). Fostering Eco-literacy and Naturalistic Intelligence through
Environmentally Based Education in Coastal Preschool. JPUD - Jurnal
Pendidikan Usia Dini, 18(1), 251-269.
https://doi.org/10.21009/JPUD.181.18

Sholeh, Muh. (2017). Geography Lesson Development based Ecoliteracy.
Proceedings of the Lst International Cohference on Geography and
Education (ICGE 2016). Lst International Cohference on Geography and
Education (ICGE 2016). https://doi.org/10.2991/icge-16.2017.70

Sholihah, N. R., Sapriya, S., Supriatna, N., & Komalasari, K. (2021). Ecoliteracy
of Elementary School Students in Social Studies: In Online Learning During
the Pandemic of COVID 19: 2nd International Conference on Social
Sciences Education (ICSSE 2020).
https://doi.org/10.2991/assehr.k.210222.016




Nyoman Sriastuti et al. / Journal of Educational Sciences Vol. 10 No. 8 (Aug, 2026) 117-136 135

Shuster, M., Glazewski, K., & Villa, C. (2020). Design, Development, and
Evaluation of a Teacher Workshop Enhanced with DNA Instructional Cases
to Impact Content Knowledge and Confidence. Interdisciplinary Journal of
Problem-Based Learning, 14(1).
https://doi.org/10.14434/ijpbl.v14i1.28724

Sirajudin, N., Tolla, 1., & Muharram. (2024). Developing Preservice Biology
Teachers’ Creative Thinking Skills Through Integrating E-Books into
Problem-Based Learning. Science Education and Application Journal, 6(2),
187-202. https://doi.org/10.30736/seaj.v6i2.1082

Sugiharto, B., Corebima, A. D., Prof., Biology Department, Faculty of Mathematics
and Natural Science, Universitas Negeri Malang, Indonesia,
durancorebima@gmail.com, Susilo, H., & Ibrohim, I. (2019). The Pre-
Service Biology Teacher Readiness in Blended Collaborative Problem
Based Learning (BCPBL). International Journal of Instruction, 12(4), 113—
130. https://doi.org/10.29333/iji.2019.1248a

Sugito, T., Sulaiman, A. L., Sabiq, A., Kuncoro, B., & Faozanudin, M. (2019).
Implementation of Ecotourism Empowerment in Coastal Border of West
Kalimantan. Humanities and Social Science Research, 2(4), pl.
https://doi.org/10.30560/hssr.v2n4pl

Suharja, A., Setiawan, [., & Nandi, N. (2023). The Contribution of Student
Ecoliteracy to Build Environmental Caring Behavior in Senior High School.
Scaffolding: Jurnal Pendidikan Islam Dan Multikulturalisme, 5(2), 800—
819. https://doi.org/10.37680/scaffolding.v512.3072

Sukri, A. (2023). Enculturation of Lombok Coastal Local Wisdom in PBL as A
Conservation Learning Strategy to Improve Students’ Environmental
Literacy. Jurnal Penelitian Pendidikan IPA, 9(8), 6733-6741.
https://doi.org/10.29303/jppipa.v9i8.5744

Tonda, M. R., Makaborang, Y., & Hada Enda, R. R. (2024). Application of the Pbl
Learning Model Assisted by Video Media to Improve Student Learning
Outcomes at Sman 1 Haharu. Journal of Educational Sciences, 8(1), 12.
https://doi.org/10.31258/jes.8.1.p.12-21

Usman, U., Repelita, R., Setiawan, R., & Hidayat, S. (2024). Differentiated
Learning and Critical Thinking Skills Development in Biology: A
Systematic Literature Review. Indonesian Journal of Multidiciplinary
Research, 4(2), 447-454. https://doi.org/10.17509/ijomr.v4i2.78729

Verutes, G. M., Yang, P. F., Eastman, S. F., Doughty, C. L., Adgie, T. E., Dietz,
K., Dix, N. G., North, A., Guannel, G., & Chapman, S. K. (2024). Using
vulnerability assessment to characterize coastal protection benefits provided
by estuarine habitats of a dynamic intracoastal waterway. Peer.J, 12,e16738.
https://doi.org/10.7717/peerj.16738

Waty Hiola, Z., Sidik Katili, A., & H. Husain, I. (2023). Biodiversity Literacy Skills
in Problem-Based Science Lectures: A Grounded Theory Research. Jurnal
Pendidikan MIPA, 24(1), 50-58.
https://doi.org/10.23960/jpmipa/v24il.pp50-58

Yamin, M. R., Candy Ponto, C., Claudia Junadi, E., Siddhi Fonso, T., & Melie
Rusli, V. (2024). Innovation in Biology Education: Classroom Action
Research as a Catalyst for the Renewal of Teaching Methods in Indonesia.




136 Nyoman Sriastuti et al. / Journal of Educational Sciences Vol. 10 No. 8 (Aug, 2026) 117-136

Biology Teaching and Learning, 7(1).
https://doi.org/10.35580/btl.v711.65645

Yudistira, I., Awaliyah, S., & Rochmadi, N. W. (2025). Development of A Green
Environment-Based Civic Obligation Module to Increase Students’
Awareness of The Environment at Kepanjen National 1 Senior High School.
9(6).

Yuliani, S., Disman, D., Maryani, E., & Nurbayani, S. (2024). Ecopedagogics as
An Alternative Approach in Developing Social Studies Teaching Materials
in Coastal Schools in Jakarta. Jurnal Kependidikan: Jurnal Hasil Penelitian
Dan Kajian Kepustakaan Di Bidang Pendidikan, Pengajaran Dan
Pembelajaran, 10(2), 541. https://doi.org/10.33394/jk.v10i2.11509

Zidan, Z., Maftuhah, M., Yusti, D., Rahmat, A. A. R., Riandi, R., & Kusnadi, K.
(2023). Learning strategies on ecosystem concepts and environmental
change: A pedagogical study analysis. Assimilation: Indonesian Journal of
Biology Education, 6(2), 141-152.
https://doi.org/10.17509/aijbe.v6i2.59777

How to cite this article:

Sriastuti, N., Odja, A. H., Pikoli, M., Yusuf, F. M., & Ali, R. (2026). The
Effectiveness of Coastal Environment-Based PBL in Improving Students’

Ecological Literacy and Learning Outcomes in Biodiversity Ecology. Journal
of Educational Sciences, 10(8), 117-136.




