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Abstrak: Peningkatan permasalahan sungai semakin kompleks memerlukan
pembelajaran kontekstual yang dapat mengaitkan pembelajaran pada isu-isu
lingkungan nyata dan relevan. Penelitian ini bertujuan untuk mengetahui perbedaan
kemampuan pemecahan masalah dan kesadaran ekologis diri siswa melalui
Environmental-Oriented Problem-Based Learning (EoPBL) berdasarkan indikator
variabel dan jenis kelamin siswa. Jenis penelitian quasi experimental melibatkan siswa
kelas X3 dan X5 di SMA Islam Kepanjen, Kabupaten Malang, Indonesia. Pengumpulan
data menggunakan tes dan kuesioner untuk menilai kemampuan pemecahan masalah
dan kesadaran ekologis diri. Hasil penelitian bahwa uji non parametrik Mann-Whitney
U menunjukkan adanya perbedaan yang signifikan pada kemampuan pemecahan
masalah (sig. (2-tailed) = 0.000 < 0.05) dan kesadaran ekologis diri (sig. (2-tailed) = 0.002
< 0.05) antara kelas eksperimen dan kontrol. Namun, tidak ada perbedaan yang
signifikan dalam kemampuan pemecahan masalah (sig. (2-tailed) = p > 0.05) dan
kesadaran ekologis diri (sig. (2-tailed) = p > 0.05) berdasarkan jenis kelamin pada
kelompok eksperimen dan kelas kontrol. Implementasi model EoPBL memberikan
perbedaan signifikan kemampuan pemecahan masalah dan kesadaran ekologis siswa
kelas eksperimen, nilai rata-rata indikator variabel 90.16 dan 79.14 lebih tinggi
dibandingkan siswa kelas kontrol 68.45 dan 70.92 yang menggunakan model
pembelajaran konvensional. Perbedaan jenis kelamin siswa mempengaruhi tidak
adanya perbedaan signifikan antara siswa laki-laki dan siswa perempuan.

Abstract: Increasingly complex river problems require contextual learning that can link
learning to real and relevant environmental issues. This study aims to determine the
differences in problem solving skills and ecological self-awareness of students through
Environmental-Oriented Problem-Based Learning (EoPBL) based on variable indicators
and student gender. The quasi-experimental study involved students from classes X-3
and X-6 at Kepanjen Islamic High School in Malang Regency, Indonesia. Data were
collected using tests and questionnaires to assess problem-solving and self-ecological
awareness abilities. The results showed that the Mann-Whitney U non-parametric test
showed a significant difference in problem solving ability (sig. (2-tailed) = 0.000 < 0.05)
and self-ecological awareness (sig. (2-tailed) = 0.002 < 0.05) between the experimental
and control classes. However, there were no significant difterences in problem-solving
abilities (sig. (2-tailed) = p > 0.05) and self-ecological awareness (sig. (2-tailed) = p > 0.05)
based on gender within the experimental and control classes. The implementation of the
FEoPBL model provides a significant difference in the problem solving ability and
ecological awareness of experimental class students, the average value of variable
Indicators 90.16 and 79.14 is higher than the control class students 68.45 and 70.92 who
use conventional learning models. The difference in student gender affects the absence
of significant differences between male students and female students.

A. INTRODUCTION

is maximized when supported by appropriate
instructional models (Islam et al., 2021). Research

The process of geographical education has
evolved significantly to enhance students' skills and
abilities in the 21st century. Geography learning
activities are now directed towards fostering
geographical thinking and problem-solving skills
(Fitri et al., 2022). The efficacy of geographical skills

(Amin et al, 2020) has demonstrated that the
implementation of Problem-Based Learning models,
aligned with geographical skill indicators, positively
impacts students' critical thinking abilities and
learning outcomes in geography. Educational
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practices that involve problem analysis, information
gathering, and solution development tend to
contribute substantially to the enhancement of
students’ geographical competencies (Putra,
Sumarmi, Deffinika, et al, 2021). Teachers must
create effective learning environments (Rizal et al,,
2022) that rely on students' active construction of
knowledge from their experiences (Simanjuntak et
al., 2021). The choice of instructional models in the
classroom is a key factor in achieving educational
goals (Islam et al.,, 2021). One instructional model that
supports effective education in the 21st century is
Environmental-Oriented Problem-Based Learning
(EoPBL).

EoPBL is oriented towards environmental issues
and is designed to enhance students' problem-solving
abilities and environmental awareness. This
instructional model addresses local environmental
issues and problems (Fadli & Irwanto, 2020),
providing learning experiences that can boost
motivation and thereby improve students' problem-
solving skills in geographical education (Putra et al,,
2022). EoPBL encourages students to think critically
and engage directly with contextual problems. In
geographical education, problem-based learning
models aim to find solutions for geographical issues
in the surrounding environment (Buana & Putra,
2023). The strength of this instructional model lies in
its emphasis on student-centered learning, which
aligns with the demands of 21st-century geographical
education (Mahsup etal., 2024; Silviariza et al., 2023).
The learning experiences provided through this
model help identify local environmental problems
using a scientific approach.

Environmental issues have become one of the
primary global concerns. A comprehensive study
conducted by the World Economic Forum (WEF) in
2019 identified environmental problems as a global
threat (Qazi & Al-Mhdawi, 2023). According to data
from the Indonesian Central Statistics Agency (BPS)
in 2020, river environmental problems in Indonesia
are predominantly caused by pollution (Riyadi et al,,
2020). Approximately 75% of domestic wastewater
pollution is generated from households, public
facilities, commercial areas, offices, and other sources
(Osim etal., 2020). Waste is a major contributor to the
increasing problem of environmental pollution
(Sumarmi, Putra, Mutia, Masruroh, et al., 2024). The
Ministry of Environment and Forestry (KLHK)
reported that the water quality index in Indonesia in
2020 was 53.88%, an improvement from the
previous year (Suriadikusumah et al, 2021).
However, this improvement still fell short of the
target water quality index of 55.03%.

River pollution significantly impacts human
survival. Poor water quality and sanitation are linked
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to the degradation of river ecosystems, threatening
water resources, and affecting human health by
transmitting waterborne diseases such as typhoid,
diarrhea, and malaria (Talema, 2023). Contaminated
water accounts for 2.2% of global deaths and 6% of
deaths in low-income countries (Rimba &
Hirabayashi, 2023). The WHO reports that 2 billion
people are at risk of contracting diarrhea due to
contaminated water and food (Todd, 2020). Societies
have evolved and become dependent on rivers for
daily life (Cordova et al.,, 2022). However, the high
level of water use is not matched by public awareness
of river conservation, thereby affecting water quality.

In the context of geographical education,
problem-solving skills and self-ecological awareness
are crucial for tackling river environmental issues.
Problem-solving enables students to identify,
analyze, and resolve complex challenges related to
river conservation (Afifah et al, 2024; Putra,
Sumarmi, Fajrilia, et al, 2021) Through self-
ecological awareness, students can understand the
link between their actions and the impact on river
sustainability (Roxas, 2023), aligning with the
concept of Education for Sustainable Development
(Acosta Castellanos & Queiruga-Dios, 2022).
Enhancing these skills within geographical education
can deepen  students' understanding  of
environmental issues and increase their participation
in river conservation efforts (Sumarmi, Putra, Mutia,
Sahrina, et al, 2024). These two capabilities are
interrelated, fostering a strong comprehension and
integration of actions necessary for maintaining river
sustainability (Rivera Maulucci, 2023), thereby
contributing to the development of ecologically
responsible citizens.

Crucial river problems require a
multidisciplinary approach to solving. Studying
environmental problems supports the integration of
relevant and contextualized learning approaches by
encouraging active and critical learning, thus
equipping students with real environmental
problem-solving skills focused on river conservation.
This research also contributes to environmental
learning and the achievement of Sustainable
Development Goals (SDGs) in education. Through the
application of the Environmental-Oriented Problem
Based Learning (EoPBL) model, this research helps to
improve students' problem solving skills and self-
ecological awareness related to environmental issues
such as river problems and conservation that are in
line with the goals of the SDGs, especially in goal 4
(quality education) and goal 13 (climate action).
Previous research results show that the
implementation of an environmentally-focused
problem-based learning model can provide an
increase in students' environmental awareness and
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attitudes through problem solving (Amin et al., 2020;
Suryawati et al.,, 2020). This proves the role of this
model in providing student collaboration in finding
solutions to environmental problems to support an
attitude of self-awareness towards the environment
(Salsabila et al.,, 2022). Therefore, this research is
very important to do through environmental
learning.

This research applies a problem-based learning
model that focuses on the orientation of river
environmental issues in the geography of problems
and river conservation material. River environmental
problems are presented in a local context and student
investigation using the Brantasae website and other
references. In addition, data analysis of the research
results was reviewed based on variable indicators
and student gender to determine significant
differences. Meanwhile, the results of previous
research conducted by Amin et al.,, (2020) applied a
problem-based learning model on sustainable
environmental development material with data
analysis on critical thinking skills and environmental
awareness. Suryawati et al, (2020) also used an
environmental problem-based learning (EPBL)
model on forest fires, gold mining, and domestic
waste with data analysis only on knowledge, actions,
and sensitivity to the environment to see the
correlation and effectiveness of the EPBL model.

The novelty of this research compared to
previous studies lies in the implementation of the
EoPBL model, which emphasizes contextual learning
for solving river-related issues in the surrounding
area through conservation efforts while considering
students’ attitudes towards the environment. This
approach aims to foster students' environmental
awareness, making learning more meaningful.
Consequently, this study aims to determine the
differences in problem-solving abilities and self-
ecological awareness regarding river issues and
conservation using the EoPBL model, with a focus on
variable indicators and student gender.

B. RESEARCH METHOD

A pretest-posttest control group design is used in
this quasi-experimental research, as shown in Table
1. The experimental class uses the Environmental-
Oriented Problem-Based Learning (EoPBL) model
(Suryawati et al., 2020), as outlined in Table 2, while
the control class employs a direct learning model. In
this study, researchers addressed three research
questions:

RQ1: Based on indicators of problem-solving ability,
is there a significant difference between the
experimental class and the control class?

RQ2: Based on indicators of self-ecological awareness
ability, is there a significant difference between
the experimental class and the control class?

RQ3: Are there significant differences in problem-
solving abilities and self-ecological awareness
abilities based on student gender?

Table 1. Research Design

Pre- Treat Post-
Group test ment Model test
_ Environmental-
Experim Oriented
ental 01 X 02
Problem Based
N=26 i
Learning
Control 01 - Direct Learnin 02
N= 27 8

The subjects of this research are Class X students
of Kepanjen Islamic High School in Malang, Indonesia,
for the 2023/2024 academic year. The students
studied river problems and conservation in the even-
semester geography lesson. The research sample
group was selected using a purposive sampling
technique by comparing the average geography
learning outcomes of the students. The experimental
class (X-5) consists of 26 students (9 male and 17
female), while the control class (X-3) consists of 29
students (7 male and 22 female). Figure 1 depicts the
flow of research implementation.

Tabel 2. Activity Experimental Class

Syntax Learning Activity Duration
River Teacher: Week 1
Problem a. Provide basic concepts (190
Orientatio and local environmental mins)
n issues through news

videos
Student:
b. Understand in detail the
issues to be discussed

Identify Students can group the details Week 2
River of the river problems that have (190
Problems  been discussed and the role of  mins)

rivers in life.
Research/ Students conduct
Investigati investigations in groups to
on of provide solutions to solve river
River environmental problems that
Problems  occur in the surrounding area

with the media Brantasae

Website and other references
Presentati  Students explain the results of Week 3
on of solving problems found with (190
Work presentations in class via mins)

poster media
Evaluation Teacher evaluate and conclude
of the appropriate
Problem environmental problem
Solving solving process
Results
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Environmental a.
Practices

Understand the meaning of

environmental problems

b. Responsible for environmental
problems in a place

c. Discuss environmental
problems with others

d. Get involved in environmental

awareness activities

13popN SuTuIes ] enc

‘ Environmental-Oriented Problem-Based Learming Model ‘

1-Test { Experimental and Conirol Groups) I/_

||).u.|.-\n.u_&.~.w_~.} [ Data Collection ‘

Figure 1. Research Flow

This research used an instrument in the form of
essay questions to collect data according to indicators
of problem-solving ability (Mohd Yatim et al., 2022),
as in Table 3. The problem-solving ability essay
questions given were ten questions each in the pre-
test and post-test. The score given to each question
item is adjusted to the student's level of thinking
ability which is measured based on the cognitive
domain level of Bloom's Taxonomy. The assessment
instrument for self-ecological awareness is in the
form of a questionnaire which is measured using a
Likert scale with a value of 1-4. The questionnaire
was adapted to indicators of self-ecological
awareness (Safitri et al., 2022), as in Table 4.

Table 3. Indicator Problem Solving

Maintain environmental
sustainability

b. Provide information regarding
environmental management

Environmental a.
Attitudes

c. Protect and improve the
environment
d. Share solutions to

environmental problems
Reduce the amount of waste by
collecting recyclable materials
Do not use plastic bags to wrap

Environmental a.
Values
Sustainability ~ b.

items

c. Compost food waste into
fertilizer

d. Throw away rubbish in the right
place

Indicator Description
Identification of  Identify and demonstrate
problems understanding of environmental
(Analyzing) problems
Planning Create/arrange  strategies  for
Solutions solving environmental problems
(Creating)

Resolving Select and apply appropriate
Problems and problem solving strategies to
Implementing resolve environmental problems
Solutions

(Applying)

Evaluating the Checking the truth and evaluating
Problem the efforts that have been made to
(Evaluating) resolve environmental problems

Source: (Mohd Yatim et al., 2022)

Table 4. Indicator Self-Ecological Awareness

Indicator

Sub-Indicator

Source: (Safitri et al.,, 2022)

The validity of the test sheet was confirmed by
Pearson product-moment correlation (r: 0.622 > r
table 0.266), as was the validity of the questionnaire
(r: 0560 > r table 0.266). Reliability analysis
confirmed the instrument's consistency using
Cronbach Alpha values, with the test and
questionnaire yielding reliability coefficients of 0.712
and 0.895, respectively. The prerequisite test results
showed normal residual normality data with
Kolmogorov-Smirnov (0.200 > 0.05), a linear
relationship pattern in the correlation linearity test
with a scatterplot, and non-homogeneous data in the
variance homogeneity test (0.047 < 0.05). Due to the
non-homogeneous data, non-parametric tests Mann
Whitney U were used as a follow-up to the ANCOVA
test analysis. The N-Gain Score test was also
conducted on the pretest and posttest results in both
class groups to determine the effectiveness of
implementing the learning model in the classroom
learning process.

C. RESULT AND DISCUSSION
1. Comparative Analysis of Problem Solving
High problem-solving skills are achieved through
active student participation during learning using the
EoPBL model. The implementation of this model
significantly enhances students' problem-solving
abilities, as accurately measured by analyzing the
differences in post-test results between the
experimental and control classes. The average score
obtained in the initial pre-test assessment of
problem-solving for the experimental class was
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74.71, while the control class received a lower score
of 55.55. Following the intervention, the average
scores of both classes increased. The experimental
class achieved an average score of 90.16, surpassing
the control class's score of 68.45. This discrepancy
underscores the effectiveness of the EoPBL model,
which utilizes contextually relevant environmental
problems and a scientific resolution process
(Kassymova et al., 2020). The experimental class
obtained an N-Gain Score of 70.37%, demonstrating a
significant improvement in students' problem-
solving abilities due to the effective EoPBL model.
This model facilitates active student engagement in
constructing knowledge through discussions based
on real-world problems (Dwikoranto et al., 2023). In
contrast, the control class's average N-Gain Score of
29.02% reveals that conventional direct learning
methods are less effective in improving students’
problem-solving abilities.

A detailed analysis of the average scores based
on problem-solving indicators, presented in Table 5,
shows that the experimental class consistently
outperformed the control class on all indicators, with
an average score difference of 21.71. It can be
concluded that students in the experimental class
have higher problem-solving abilities than those in
the control class. Problem-based learning in the
experimental class effectively guided students in
constructing knowledge to address environmental
issues (Sumarmi et al,, 2020). Students were able to
formulate answers to problems requiring logical
intelligence, courage, and active solutions in real-
world situations (Amin et al.,, 2020).

Table 5. Indicators Score of Problem Solving

Indicator Experimental Control Class
Class
Problem Catego Catego
Solving Mean re8 Mean reg
ries ries
Identification Very .
of problems 87,82 high 69,31 High
Planning Very Very
Solutions 96,15 high 8345 high
Resolving
Problems & Very
Implementing 83,08 high 56,55  Enough
Solutions
Evaluating the Very .
Problem 93,59 high 64,48 High
Very .
Mean Score 90,16 high 68,45 High

The experimental class's notable strength was
observed in the 'creating' indicator, related to
formulating viable solutions to prevent river
pollution, where they achieved an exceptionally high
score of 96.15. In contrast, the control class attained

its highest average score of 83.45 in this same
indicator, also categorized as very high. This
achievement highlights that students had the
opportunity to explore their thoughts and develop
systematic solutions (Carri6 Llach & Llerena Bastida,
2022). A significant disparity is evident in the
'applying' indicator, which involves solving problems
and implementing solutions, with a score gap of 26.53
between the two classes. This disparity underscores
the difficulty students in the conventional learning
model face when addressing more complex questions.
Meanwhile, the experimental class students
demonstrated superior performance in solving
complex problems due to their learning model (Hobri
et al., 2020). Such performance in solving real-world
problems requires students to actively form their
own knowledge (Rachmawati & Rosy, 2022).

Table 6. Results of the Mann-Whitney U Test
Mann- Asymp.

Data Whitney  Sig. (2- S‘gnc‘i‘ca“
U tailed)

Problem 50.500 0,000 0,05
Solving

Self-
Ecological 195.500 0,002 0,05
Awareness

The statistical validation of the findings

presented in Table 6 was analyzed using the Mann-
Whitney U test, which obtained a significance value of
0.000. This value is below the 5% (0.05) significance
threshold, indicating a significant difference in
problem-solving abilities between the experimental
class and the control class. These findings align with
the research by (Fitriani et al.,, 2020), which asserts
that environmental problem-oriented learning
models are effective in enhancing students' problem-
solving skills. Additionally, (Hutsalo et al., 2024)
states that problem-based learning models oriented
toward environmental issues prepare students to be
collaborative, creative, innovative, critical, and
analytical thinkers capable of effectively solving real-
world environmental problems.

The significant increase in the average score of
90.16 in the experimental class, compared to the
control class's average score of 68.45, credibly
demonstrates the positive impact of the
environmental-oriented problem-based learning
model on students' problem-solving abilities. In
addition to improving students' problem-solving
skills, problem-based learning can also enhance
collaborative skills (Lorenza et al., 2023). This model
guides students in discovering facts, forming
hypotheses, and drawing conclusions in problem-
solving, which indirectly trains students to
concentrate (Badriah et al, 2023). These findings
underscore the transformative potential of



environmental problem-based learning in enhancing
students’ problem-solving skills, providing a more
meaningful understanding of river issues (Singha &
Singha, 2024), and fostering students' commitment to
river conservation efforts. Consequently, this
approach enables students to actively engage with
daily environmental challenges.

2. Comparative Analysis

Awareness

This study evaluates the differences in students'
self-ecological awareness between the experimental
and control classes through post-test scores, which
indicate significant progress following the treatment.
The experimental class received an initial pre-test
assessment with an average score of 74.71, exceeding
the control class's average score of 65. After
treatment with the EoPBL model, the experimental
class's average score increased to 79.14, while the
control class's score also increased to 70.92. Despite
the post-treatment increase, the difference in average
scores between the classes remained minimal. The
higher average scores in the experimental class can
be attributed to the environmental-oriented
problem-based learning model, which engages
students in active thinking to solve environmental
problems, thereby instilling a sense of responsibility
for environmental preservation (Rachman et al,
2020). The learning stages involved active student
participation in solving environmental issues (Alkair
etal, 2023).

Table 7 details the scores based on the self-
ecological awareness indicator variable, showing that
in the experimental class, the average score for all
indicators exceeds that of the control class, with an
overall average score difference of 8.22. This finding
aligns with research (Anggraeni et al., 2023), which
asserts that students' environmental attitudes can
improve when they confront real environmental
issues during a complex learning process. The
students' learning activities resulted in a
comprehensive understanding of  complex
environmental problems (Kuvac & Koc, 2019).

of Self-Ecological

Table 7. Indicators Score of Self-Ecological Awareness

Indicator Self- Experimental Control Class
. Class
Ecological Cat Cat
Awareness Mean a_ego Mean a_eg
ries ories

Environmental g0, ¢ 04 6810  Good
Practices
Environmental
Attitudes 79,33 Good 71,98 Good
Environmental
Values 78,30 Good 72,66 Good
Sustainability

Mean Score 79,14 Good 70,92 Good
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Although the average scores in the experimental
class slightly declined for each indicator, the control
class showed an increase. The environmental practice
indicator in the experimental class has a superior
average score of 79.81, reflecting students’
awareness and understanding of river environmental
issues. Consistent with ecological principles,
students' environmental attitudes improve when
they face real environmental problems in their
surroundings (Al Balushi & Ambusaidi, 2023; Putra et
al,, 2024). Although the control class also scored well
on this indicator, their performance did not surpass
the experimental class, with a significant score
difference of 11.71 among other indicators. The
experimental class activities, which included problem
mapping, prioritizing issues, conducting
investigations, group discussions, and presenting
results, encouraged students to analyze various facts,
events, and environmental problems (Ayerbe-Lépez
& Perales-Palacios, 2023).

The results of the Mann-Whitney U test in Table
6 further support this finding. For the ability of self-
ecological awareness, there is a significant difference
with a significance value of 0.002 (p < 0.05) between
the experimental and control classes, with
significance less than 0.05 (5%). The experimental
class has an average score that exceeds the control
class by 8.22 points. These results provide strong
empirical evidence that the steps in the
environmental-oriented problem-based learning
model enable students to grasp and recall theories
while addressing river environmental issues (Kuvac
& Koc, 2019). The findings accurately depict that the
integration of problem-based learning oriented
towards environmental issues significantly fosters
proactive self-ecological awareness behaviors in
contributing to the prevention of river environmental
problems (Ghani et al, 2021). The newly acquired
knowledge about preventing environmental damage
forms the basis for students' attitudes towards the
environment (Kurokawa et al., 2023).

However, the N-Gain Score test results for the
experimental class were 11.6%, indicating that the
environmentally-oriented problem-based learning
model was not effective in significantly increasing
students' self-ecological awareness. Similarly, the
control class obtained a low N-Gain Score result of
13.17%, showing that conventional direct learning
was also ineffective in improving students' self-
ecological awareness.

3. Problem Solving and Self-Ecological
Awareness Based on Student Gender
The analysis of problem-solving skills and self-
ecological awareness was also applied to the research
subjects based on the students' gender. The students’
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genders were categorized as male and female. To
address the research question regarding the
differences in problem-solving skills and self-
ecological awareness based on student gender, the
Mann-Whitney U non-parametric test was utilized.
This test was analyzed based on the average item
scores per indicator in the experimental and control
classes.
a. Comparison of Problem-Solving Scores

The research results indicated that male
students in the experimental class had superior
problem-solving abilities, with an average score of
90.88 compared to 89.75 for female students.
Conversely, in the control class, the highest average
score was obtained by female students at 70.51, while
male students scored 61.96. In the experimental class,
the difference between the average scores of male
and female students was only 1.13, which was lower
than the difference in the control class at 8.55.

However, the Mann-Whitney U test did not show
any significant differences between male and female
students in the experimental class in problem-solving
abilities, with a significance value of 0.568 (p > 0.05).
Similarly, in the control class, no significant
differences were found based on student gender, with
asignificance value of 0.161 (p > 0.05). These findings
align with other studies indicating no gender-based
differences in problem-solving abilities, which may
be attributed to the teaching methods employed by
instructors without gender discrimination in the
classroom (Ridhwan et al, 2020). However, other
research (Dengetal,, 2023) contradicts these findings
by asserting that gender differences do impact
problem-solving abilities.

Asymp. Sig (2-tailed)

Man Experimental Class Woman Experimental Class ~ Experimental Class

N . | o
;f”"fag“’lm[’ B o | [oes
a ne solutions
afg ULE |«
. — o
Evaluating the Problem  Solutions
Asymp. Sig (2-tailed)

Man Control Class Woman Control Class Control Class
dentification of problems
S BT
anning Solutions
s o
’\esc«:rgF"oIsem:&lr‘p\er“enmgm B [o.48
Evaluating the Problem  Solutions

Q W @

%

S \
b &P

PEPFOH O

Figure 2. Results of Analysis of Problem-Solving
Ability Variable Indicators and Mann-Whitney U Test
on Gender

A detailed analysis of each indicator of problem-
solving ability based on gender in the two class
groups also did not show significant differences, with
significance values greater than 0.05. In the
experimental class, male students outperformed in
indicators of problem identification (analyzing) and

resolving problems & implementing solutions
(applying), with a significant score difference of 8.89
in the applying indicator. This could be due to the
more easily grasped learning styles of male students
compared to female students (Yousaf et al., 2023). In
contrast, in the control class, female students
outperformed male students across all indicator
items. Detailed results are presented in Figure 2.

b. Comparison of Self-Ecological Awareness

Scores

The experimental class research results showed
that female students had superior self-ecological
awareness abilities with an average score of 79.92,
compared to male students who scored 77.67, with a
score difference of only 2.25. Similarly, in the control
class, the average score of female students was 71.47,
exceeding male students' average score of 69.15, with
a difference of only 2.32. Females often express
greater concern about climate change influenced by
higher environmental awareness (Clayton et al,
2023). The results of the Mann-Whitney U test based
on student gender showed no significant differences
in the experimental class with a significance value of
0.317 (p > 0.05) and in the control class with a
significance value of 0.412 (p > 0.05). An analysis of
each indicator of self-ecological awareness also
showed no significant differences based on student
gender (sig. (2-tailed) = p > 0.05) (see Figure 3).
However, these findings differ from the research
(Rosa et al., 2023) that found gender differences in
environmental concern participation.
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Figure 3. Mann-Whitney U Test Results of Gender
Differences in Self-Ecological Awareness Ability

The study findings demonstrated that female
students in both the experimental and control classes
achieved higher average scores than male students
across all indicators of self-ecological awareness.
Several studies indicate that females are more
concerned about the environment and possess
stronger pro-environmental attitudes than males
(Dean et al,, 2018; Granda et al., 2024).The indicator



of environmental sustainability values in both classes
exhibited a higher average score difference between
male and female students compared to other
indicators. The difference in the experimental class is
3.83, while in the control class it is 4.98. Compared to
males, females are more closely associated with
nature, which may foster better environmental
sustainability values through a connection to nature
(Miao & Cagle, 2020). Detailed research results can be
seen in Figure 3.

D. CONCLUSIONS AND SUGGESTIONS

Based on the results of the study, the Mann-
Whitney U non-parametric test resulted in a
significance value of 0.000 < 0.05 on problem solving
ability and a significance value of 0.002 < 0.05 on self-
ecological awareness. Thus, it can be concluded that
there is a significant difference in students' problem
solving ability and self-ecological awareness between
the experimental and control classes. The average
value of the experimental class students' problem
solving variable indicator is 90.16 exceeding the
control class average value of 68.45 and the
experimental class students' average value of self-
ecological awareness is 79.14 higher than the control
class 70.92. Therefore, it can be seen that students
who learn using the EoPBL model have higher
problem solving skills and self-ecological awareness
compared to students who learn using conventional
learning models. However, the results of the Mann-
Whitney U non-parametric test in terms of student
gender on problem solving ability resulted in a
significance value of 0.568 > 0.05 in the experimental
class and a significance value of 0.161 > 0.05 in the
control class. Meanwhile, the self-ecological
awareness resulted in a significance value of 0.317 >
0.05 in the experimental class and a significance value
of 0.412 > 0.05 in the control class. These results
indicate that there is no significant difference in
students’ problem solving ability and self-ecological
awareness. Researchers recommend that the EoPBL
model be implemented consistently in geography
education to improve students' problem-solving
abilities and self-ecological awareness. Achieving
maximum results requires considering appropriate
timing to foster deep environmental concern among
students. Additionally, during the investigation stage,
intensive guidance is necessary for students using
media and the internet to ensure they remain focused.
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