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Abstract

Based on the 2022 PISA report, the science performance of Indonesian students still tends to be low, namely at level 2
which indicates a lack of understanding of environmental phenomena, evaluating scientific evidence and making
decisions related to various environmental issues. This condition has become a dilemma during the problem of global
environmental damage. Therefore, learning is needed that can build the concept of the environment well. The study aimed
to investigate the influence of the PBL model on student outcomes using a quasi-experiment method involving control
class and experiment class. Each of the class contains 30 students. The learning outcomes of the two classes were in the
form of pre-test and post-test scores, and then the gain score was calculated for further analysis. The measurement data
was then analyzed using the t-test with the help of SPSS 27.0. The results of the study show that the PBL model has a
significant effect on student learning outcomes. The average gain score of the experimental class was 42.73, while the
control class was 28.86. The results of the analysis using an independent sample t-test showed the difference p-level value
of .01. The p-level value is less than .05 (p< .05). These results show that students' knowledge can be improved through
the PBL model.
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INTRODUCTION

Education is the most important thing to instill an attitude of caring for the environment in
every generation so that it can form a collective consciousness to save the earth from damage. Experts
from various parts of the world realize that in curriculum practice, students must be equipped with
a variety of knowledge to be able to understand the importance of preserving the environment
(Ardoin et al., 2020; Damoah et al., 2024). The aim is an effort to build collective awareness, which
can finally give birth to real action in realizing a comfortable and sustainable environment. However,
the results of the study show that the level of students' understanding of environmental pollution is
still low (Fetiana et al,, 2022; Kurniawan et al., 2024; Merritt et al., 2024; van de Wetering et al., 2022).
Not only that, but based on the results of the 2022 PISA study, it was recorded that the science
achievements of Indonesian students are still below level 2 (OECD, 2023). The PISA report
emphasizes that students with low science performance tend to be less able to understand
environmental phenomena, evaluate scientific evidence, and make decisions related to various
environmental problems.

One way that can be used to improve students' understanding of the environment is to build
concepts appropriately in a learning (Cibukgiu, 2025; Do et al,, 2023; Xiong et al., 2025) This is in line
with constructivist theory, which emphasizes that students can build their knowledge independently
(Taber, 2024; Tsai et al,, 2023). Therefore, in learning, teachers must be able to develop successful
students' knowledge and experience. This is because teachers who are able to understand students’
knowledge and experience will be able to build ideas from students. Overcoming these problems, it
is necessary to choose the right learning model (Purnama, 2022). One of the learning models that is
in line with constructivism theory is the PBL or problem-based learning model (Akcay & Benek, 2024;
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Wijnia et al., 2024). The learning model can explore students' knowledge to be able to solve the
problems that have been given (Chung et al,, 2016).

Initially, PBL was developed only for medical students based at McMaster Medical School in
Canada, then expanded to medical schools in the UK (Neville et al.,, 2019) After experiencing great
success, PBL is applied to learning in various fields including geography, science, and education
(Servant-Miklos et al., 2019) Researchers believe that PBL is a student-centered learning model that
uses problems as a starting point in learning (Trullas et al,, 2022) The objectives of the learning model
include 1) building a knowledge base, 2) developing the ability to solve problems, 3) teaching
effective collaboration, and 4) providing the skills necessary to become successful lifelong learners
(Chung et al,, 2016; Trullas et al., 2022). With this goal, students can work effectively with friends in
a team to solve problems so that they can develop their abilities (Wang, 2022).

In PBL, students are positioned as learners who play the role of adults, working in small
teams to explore problems until they complete problem solving (McLean et al., 2006) In addition,
PBL also has advantages, namely: 1) focusing on students to become independent learners who are
directly actively involved in group learning, and 2) helping students develop skills in reasoning and
thinking when looking for data or information to get a solution to an authentic problem (Yu & Zin,
2022). Therefore, PBL is very suitable for learning about environmental issues that are authentic
(Gok & Boncukeu, 2023).

PBL is central to learning because in this model, students can conduct investigative activities
naturally, think broadly, and make decisions about the knowledge they know (Anggraeni et al.,, 2023;
Putri et al, 2023; Rafiq et al, 2023). In this model, students can express their knowledge and
exchange ideas with other students. Solving environmental issues requires problem-solving
solutions that consider various aspects (Timothy, 2021). As with the problem of environmental
pollution that requires a wide variety of views to be summarized in one comprehensive problem-
solving (Hidayanti et al., 2023). One of the problems that needs to be solved by teachers is how to
overcome the problem of waste that is mounting in the school environment (Nisa et al., 2025). In the
educational environment, students need to be involved in solving these problems in real life, so that
students must be trained to jointly solve problems until then (Handayani & Widodo, 2024). Through
this research, a solution is sought to provide a knowledge base for students to be able to understand
environmental phenomena, as well as the scientific evidence that is evaluated (van de Wetering et al.,
2022). Therefore, this study focuses on the PBL model experiment and its influence on students'
knowledge of environmental pollution issues (Cahyadini et al., 2024) and students can also build the
knowledge they already have to be developed in solving problems that occur in the real world
(Nicholus et al., 2023; Wijnia et al., 2024).

PBL is an active learning model that leads to greater understanding and competency
achievement (Lara-Bercial et al, 2024) The learning model is not designed for the purpose of
knowledge retention for self-interest (Servant-Miklos, 2019) PBL also has a huge influence on
students, because in this model, students are required to think naturally and make decisions about a
problem faced in real life (Lee, 2025) Other opinions also outline that PBL aims to build a knowledge
base, develop problem-solving skills, teach effective collaboration, and provide the skills necessary
to become successful lifelong learners (Smith et al,, 2022; Zamiri & Esmaeili, 2024)

LITERATURE REVIEW

Alearning model is a plan of sequential learning steps that guides classroom teaching, aligned
with the chosen strategy and directly influencing competencies, learning objectives, student tasks,
and learning outcomes (Spatioti et al.,, 2022). Therefore, a learning model must be designed as
effectively as possible to support successful student learning. One promising model is problem-based
learning (PBL), where students engage with real-world problems through investigation,
collaboration, and reflection. Empirical evidence shows that PBL can foster critical thinking, deeper
conceptual understanding, and learner autonomy — yet results vary depending on content area,
context, and implementation. The literature notably lacks robust studies examining PBL’s impact on
students’ knowledge about environmental pollution issues. Accordingly, this study addresses that
gap by investigating how a PBL model influences students’ understanding of environmental pollution
phenomena.

Problem-based learning is a learning model that uses problems as a starting point to acquire
new knowledge, where students use authentic problems to learn the content of the lesson, and
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conversely, students also learn special skills to solve problems using means in the form of lesson
content (Nurwidodo et al., 2025). On the other hand, it is known that the essence of problem-based
learning is to present authentic and meaningful problems to students that can serve as a stepping
stone for investigation and investigation (Smith et al., 2022) Thus, the use of authentic problems in
PBL model learning is the starting point for acquiring new knowledge, while the acquisition of this
knowledge is carried out by conducting investigations and investigations.

PBL is a student-centered learning model that uses problem solving in starting to learn. PBL
is a learning model developed from a problem-solving learning strategy by exploring students’
knowledge and ability to solve problems in the real world, so the use of this model is very suitable
for use in subject matter topics that are abstract but related to everyday phenomena (Surur et al.,
2020). The existence of problems in these phenomena will be thought about by students and then
confirmed through existing theories to solve and find solutions to solve the problem. This is in line
with Dewey's opinion that in general, a person learns by starting to think when he feels a problem,
then trying to clarify the problem at hand to determine the right solution to the problem (L6pez et
al.,, 2024)

The basic principle in PBL is learning that begins with the problem that is asked. Problem-
based learning addresses complex problems that occur in the real world to explore students'
knowledge, where students will discuss in small groups to communicate and integrate information
(Hmelo-Silver, 2004; Schmidt et al., 2011) Problems are the key to PBL. Problem-giving prioritizes
complex problems that occur in the real world, including problems related to the environment, so
that these problems can be integrated with information obtained by students to communicate in
groups. In problem-based learning, the problem situation raised in learning must be able to meet five
important criteria, namely 1) the situation is authentic; 2) the problem can create mystery; this
means that the problem presented requires alternative solutions because the problem cannot be
solved by simple solutions; 3) the problem must be meaningful and in accordance with the student's
level of intellectual development; 4) the problem must be broad to provide an opportunity for
teachers to meet their instructional objectives; and 5) the problem must be beneficial to students
(Loyens et al., 2020; Smith et al.,, 2022) Thus, the five principles can be used as a reference in
formulating a problem as an initial study in the problem-based learning model.

To organize the problem, teachers can conduct demonstrations, present phenomena, or
conduct experiments (Smith et al., 2022). In this learning, the teacher is no longer the only source of
learning, but the teacher in this case only plays the role of a facilitator (Sormunen et al., 2020). In this
context, the teacher presents various problems in real life, then facilitates investigation and dialogue.
Thus, the use of this model is appropriately used to create active, student-centered learning.

Problem-based learning has five learning syntax, namely: 1) orienting students to problems,
2) organizing students to learn, 3) guiding individual and group investigations, 4) presenting the
results of the work, and 5) evaluating and analyzing problem-solving processes (Tan & Tee, 2021).
Experts say that PBL can be implemented well if the five syntax have included activities to achieve all
the learning objectives that have been set (Tan & Tee, 2021) It is known that one of the advantages
of implementing the five syntax of PBL is that it can provide opportunities for students to interact
with each other, collaborate in solving problems, and provide freedom to propose problem-solving
ideas (Lestari et al., 2019) This means the model emphasizes the quality of interaction to solve
problems that can help students in improving learning outcomes.

RESEARCH METHOD

This study was designed using a quasi-experiment with cluster sampling that involved an
experimental class and a control class at one high school in Jombang district, East Java, Indonesia. Where
learning outcomes are bound variables while the PBL model is an independent variable. The learning
outcomes obtained in this study are in the form of pre-test and post-test scores, which are then calculated
as N-Gain scores for further analysis. The subjects of this study were students in two classes, namely: 1) 22
students in the experimental class participated in learning using the PBL model, and 2) 22 students in the
control class who used conventional learning through discussion and lecture methods. Here is the flowchart
of this study.
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Flowchart 1. Research Stages
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The data collection technique uses a valid and reliable test to find out student learning outcomes.
The instrument has 5 items, then to test the validity of its contents, the instrument is reviewed by three
experts. Then the instrument was caried out to the field for pilot test with 60 participants. After that, using
SPSS 22 collected data, the validity of the question was tested by looking for the Pearson Correlation value
and the Cronbach Alpha reliability value. Here are the results of the validity and reliability, shown at Table
1 and 2.

Table 1. The validity of instrument

Item Test Pearson Correlation (r) Interpretation
Item 1 0.614 Valid
Item 2 0.737 Valid
Item 3 0.619 Valid
Item 4 0.745 Valid
Item 5 0.726 Valid
Table 2. The reliability of instrument
Variable Cronbach's alpha coefficient Interpretation
Instrument test 0.723 Reliable

The pre-test and post-test results are then taken separately to get a gain score. The gain score
calculation is used to obtain quantitative data that informs the achievement of student learning outcomes
after being given treatment. This study aims to determine the influence of PBL on student learning
outcomes. Based on the type of existing research variables, the data analysis technique used is the t-test.

FINDINGS AND DISCUSSION
Based on student learning outcome data consisting of the average score of pre-tests post-
test, and N-Gain score, it was found that the average score of the initial ability of students in the
experimental class was 49.09 and the control class was 49.32. The data showed that the average pre-
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test scores for the experimental class and the control class were relatively the same. Meanwhile, the
average score of the post-test score in the experimental class was 84.32 and the control class was
78.18. The data showed that the average post-test score for the experimental class was higher than
that of the control class. The average N-Gain score in the measurement in the experimental class was
0.736 and in the control class it was 0.565. The data showed that the N-Gain of the experimental class
was higher than in the control class. After obtaining the N-Gain value, a statistical test was then
carried out with SPSS 22, starting from the normality and homogeneity test. The following is the case
in Table 3.
Tabel 3. Results of the Normality Test

Class Shapiro-Wilk test Conclusion
Data Statistics Sig.
Class Experiment N-Gain 0.98 0.91 Normal
Class Control N-Gain 0.95 0.77 Normal

From the results of the normality test Shapiro-Wilk test (N<50) which was carried out
separately between the experimental and control classes. Produced experimental class data W= 0.98,
sig.= 0.91 and control class W= 0.95, sig.= 0.77. Referring to the p> value of 0.05, it indicates that the
data is normally distributed. Furthermore, Table 4 shows the results of the homogeneity test through
the Levene test.

Tabel 4. Results of the Homogeneity Tets

Class Data F Sig. Interpretation
Experiment and N-gain 3.622 0.064 Homogeneous
control

Based on Table 4, the results of the Levene homogeneity test show F= 3.622, sig. = 0.064, p= >0.05
This signifies the variance between the experimental class and the homogeneous control, so that

the t-test assumption is met. The following are the results of the independent sample t-test in Table
5.

Tabel 5. Results of the Independent sample t-test

Data t df Sig. 2-tailed Interpretation
N-gain 2.75 42 0.009 significant
difference

The results of the analysis of the t-test results are t= 2.75, df= 42, and sig. 2-tailed= 0.009, p= < 0.05.
This shows that there is a significant difference between the score gain of the experimental class and
the control class, meaning that problem-based learning influences student learning outcomes.

The influence of PBL on student learning outcomes can be explained through several
arguments. First, PBL has a syntax that can lead students to organize problems. In this case, students
are directly faced with the problem of garbage accumulation in the school environment caused by the
students themselves. Therefore, students find it easier to understand the description of the problem
given by the teacher. In this learning phase, students begin to think about how to solve the problems
that have been raised. This is because, in general, a person learns by starting to think when they feel
a problem, then people try to clarify the problem at hand to determine the right solution to the
problem (Gliner & Metacognitive, 2021; Zepeda & Nokes-Malach, 2023)

Second, PBL has a phase that directs teachers to guide students to conduct investigations
both individually and in groups (Hmelo-Silver, 2004; Schmidt et al., 2011). In this study, students
were invited to visit dump stations in the school environment to find out the conditions in that place.
In this case, students conduct investigations by conducting observations and interviews to be able to
construct knowledge (Lizier et al., 2018). Thus, students can directly conduct investigations about
water, soil, air, and the impact of waste on the environment, as well as how to overcome the
accumulation of waste. This is in line with the opinion of experts who state that education in schools
is a larger mirror and classrooms will become laboratories for investigation and a place to address
real-life problems (Stohr & Adawi, 2018; Watson, 2020). In the other hand, the results shown in Table
5, indicate that after learning with the PBL model, students experience a significant increase in
knowledge about environmental pollution. In this case, students can understand how to deal with
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waste problems in the school environment. Starting from collection, to managing waste according to
the category of waste.

Third, PBL also has a phase that can lead students to be able to analyze and evaluate the
problem-solving process (Jumhur et al, 2024). At this learning stage, students are given the
opportunity to be able to make presentations and have class discussions (Yew & Schmidt, 2012).
Presentations are an opportunity for students to socialize and communicate the results of their
findings (Dias-Oliveira et al, 2024). Meanwhile, class discussions can provide students with
opportunities to exchange opinions about the right actions to overcome the accumulation of waste
that occurs in the school environment. This is in line with the opinion of experts who revealed that
through class discussions, students can exchange ideas and clarify each other to deepen the concepts
being studied (Filho et al,, 2024). In addition, these activities can also improve students' ability to
argue with each other, test assumptions, and evaluate evidence to strengthen the construction of
concepts being studied (Dolmans & Wilkerson, 2011; Zhao & Wang, 2022).

Empirically, the findings in this study are strengthened by several research results. First, PBL
can improve the mastery of concepts, student activities, and student learning outcomes in biology
subjects (Febrianti et al., 2025). The next finding stated that the learning model can challenge
students’ abilities as well as provide opportunities to explore new knowledge, help students transfer
their knowledge to understand relevant real-life problems that can be applied in daily life (Yu & Zin,
2022), engage students in actively solving problems and demand high-level thinking skills (Surur et
al, 2020), and make students play an active role in learning (Amanda, 2020). These findings
strengthen the argument that PBL has an influence on student learning outcomes on the
environmental topics raised in this study.

Another research that is in line with this research is the results of research (Ajai et al., 2013),
that the value in the PBL model is higher than the conventional learning model. The results of the
research on environmental conservation materials show the influence of PBL on student learning
outcomes (Chen, 2024). This is because the problems presented are authentic, making problems a
starting point in learning, and PBL has proven to be a student-centered learning that is suitable for
use in learning to solve environmental problems (Biney, 2025).

CONCLUSION

The application of the PBL model has a significant effect on student learning outcomes in the
main meter of environmental pollution. This happens at least because of three things, namely: 1)
Increased understanding of how to deal with problems in the surrounding environment; 2) students
can conduct investigations directly; and 3) the provision of opportunities to make presentations.
Thus, the learning model is very important to be applied because it has an influence on learning
outcomes. Therefore, teachers can implement the PBL model as a problem-solving learning model
thatis in accordance with basic competencies on the topic of environmental pollution. This is because
the learning model is suitable for solving all problems that occur in real life.

REFERENCES

Ajai, J. T., Imoko, B. L., & O’kwu, E. I. (2013). Comparison of the learning effectiveness of problem-based
learning (PBL) and conventional method of teaching algebra. Journal of Education and Practice, 4(1),
131-135.

Akcay, B, & Benek, I. (2024). Problem-Based Learning in Tiirkiye: A Systematic Literature Review of
Research in Science Education. In Education Sciences (Vol. 14, Issue 3). https://doi.org/10.3390/
educscil4030330

Amanda, N. (2020). Examining the Impact of Problem-Based Learning on Critical Thinking Among Junior
High School Students.

Anggraeni, D. M., Prahani, B. K,, Suprapto, N., Shofiyah, N., & Jatmiko, B. (2023). Systematic Review of
Problem Based Learning Research in Fostering Critical Thinking Skills. Thinking Skills and Creativity,
49,101334. https://doi.org/10.1016/j.tsc.2023.101334

Ardoin, N. M., Bowers, A. W,, & Gaillard, E. (2020). Environmental education outcomes for conservation: A
systematic review. Biological Conservation, 241, 108224. https://doi.org/https://doi.org/
10.1016/j.biocon.2019.108224

Biney, E. (2025). Systematic review of problem-based learning in environmental education. Educational
Point, 2(2), e131.

Cahyadini, A., Isfaeni, H., & Komala, R. (2024). The Impact of Problem-Based Learning and Metacognition

95



Journal Int. J. Theory Appl. Elem. Sec. Sch. Educ

on Solving Environmental Pollution Issues. Journal of Biological Education Indonesia (Jurnal
Pendidikan Biologi Indonesia), 10(1), 123-130.

Chen, S. (2024). During the reform: How teachers’ lived experiences influence their beliefs and practices
of project-based learning. International Journal of Educational Reform, 10567879241265096.

Chung, P, Yeh, R. C,, & Chen, Y.-C. (2016). Influence of problem-based learning strategy on enhancing
student’s industrial oriented competences learned: an action research on learning weblog analysis.
International Journal of Technology and Design Education, 26(2), 285-307. https://doi.org/
10.1007/s10798-015-9306-3

Cibukgiu, B. (2025). The relationship between constructivist approach and inclusive education in primary.
June, 1-6. https://doi.org/10.3389 /feduc.2025.1600711

Damoah, B., Khalo, X, & Adu, E. (2024). South african integrated environmental education curriculum
trajectory. International Journal of Educational Research, 125, 102352. https://doi.org/https://
doi.org/10.1016/j.ijer.2024.102352

Dias-Oliveira, E., Pasion, R, Vieira da Cunha, R.,, & Lima Coelho, S. (2024). The development of critical
thinking, team working, and communication skills in a business school-A project-based learning
approach. Thinking Skills and Creativity, 54, 101680. https://doi.org/https://doi.org/
10.1016/j.tsc.2024.101680

Do, H.-N,, Do, B. N.,, & Nguyen, M. H. (2023). 3How do constructivism learning environments generate
better motivation and learning strategies? The Design Science Approach. Heliyon, 9(12), e22862.
https://doi.org/10.1016/j.heliyon.2023.e22862

Dolmans, D. H.]. M., & Wilkerson, L. (2011). Reflection on studies on the learning process in problem-based
learning. Advances in Health Sciences Education, 16(4), 437-441. https://doi.org/10.1007/ s10459-
011-9319-y

Febrianti, K., Irwandj, 1., Pratama, R., & Pariyanto, P. (2025). Effectiveness of the Problem-Based Learning
Model in Enhancing Biology Learning Outcomes among Senior High School Students. ASEAN Journal
of Science and Engineering Education, 5(2), 127-134.

Fetiana, N., Permanasari, A., & Permana, . (2022). Environmental Literacy of Junior High School Students in
Bogor : Contribution of Knowledge to Environmental Attitudes and Behaviors. 8(5), 2423-2429.
https://doi.org/10.29303 /jppipa.v8i5.1794

Filho, W. L., Sierra, |, Price, E., Eustachio, ]. H. P. P., Novikau, A., Kirrane, M., Dinis, M. A. P., & Salvia, A. L.
(2024). The role of universities in accelerating the sustainable development goals in Europe.
Scientific Reports, 14(1), 15464. https://doi.org/10.1038/s41598-024-65820-9

Gok, G., & Boncukeu, G. (2023). The Effect of Problem-Based Learning on Middle School Students ’
Environmental Literacy and Problem-Solving Skills. 6(October), 414-423. https://doi.org/10.17509
/jsl.v6i4.62781

Glner, P., & Metacognitive, H. N. (2021). Metacognitive Skills and Problem- Solving To cite this article :
Metacognitive Skills and Problem-Solving.

Handayani, J. A., & Widodo, A. (2024). The impact of student participation in environmental education
programs on pro-environmental behavior. Jurnal Cakrawala Pendas, 10(2), 215-223.

Hidayanti, E., Diana, S., & Zumrohatin, S. (2023). Peranan Model Problem-Based Learning dalam
Memperbaiki Kemampuan Pemecahan Masalah Siswa Kelas X SMA Negeri 7 Bandung pada Materi
Perubahan Lingkungan. 3(2), 122-130.

Hmelo-Silver, C. E. (2004). Problem-Based Learning: What and How Do Students Learn? Educational
Psychology Review, 16(3), 235-266. https://doi.org/10.1023/B:EDPR.0000034022.16470.f3

Jumhur, A. A, Avianti, R. A., Nurfitri, P. E., & Mabhir, 1. (2024). Implementation of Problem-based Learning to
Improve Critical Thinking Ability of Vocational Students in Jakarta. 5(5), 16-24.

Kurniawan, E., Saputra, Z. S., & Akhyar, M. (2024). Environmental Literacy and Responsibility Level of
Students in the Geography Education Study Program in Universitas Negeri Semarang as Prospective
Teachers. 7(2), 221-232.

Lara-Bercial, P. ]., Gaya-Ldpez, M. C., Martinez-Orozco, ].-M., & Lavado-Anguera, S. (2024). PBL Impact on
Learning Outcomes in Computer Engineering: A 12-Year Analysis. In Education Sciences (Vol. 14,
Issue 6). https://doi.org/10.3390/educsci14060653

Lee, Y.-C. (2025). Changes in Learning Outcomes of Students Participating in Problem-Based Learning for
the First Time: A Case Study of a Financial Management Course. The Asia-Pacific Education
Researcher, 34(1), 511-530. https://doi.org/10.1007 /s40299-024-00873-y

Lestari, E., Stalmeijer, R. E., Widyandana, D., & Scherpbier, A. (2019). Does PBL deliver constructive
collaboration for students in interprofessional tutorial groups? BMC Medical Education, 19(1), 360.
https://doi.org/10.1186/s12909-019-1802-9

Lizier, . T., Harré, M. S., Mitchell, M., DeDeo, S., Finn, C., Lindgren, K, Lizier, A. L., & Sayama, H. (2018). An
interview-based study of pioneering experiences in teaching and learning complex systems in higher

96



Journal Int. J. Theory Appl. Elem. Sec. Sch. Educ

education. Complexity, 2018(1), 7306871.

Lépez, U. H,, Vazquez-Vilchez, M., & Salmeron-Vilchez, P. (2024). The Contributions of Creativity to the
Learning Process within Educational Approaches for Sustainable Development and/or Ecosocial
Perspectives: A Systematic Review. In Education Sciences (Vol. 14, Issue 8). https://doi.org/
10.3390/educsci14080824

Loyens, S. M. M,, Wijnia, L., Van der Sluijs - Duker, 1., & Rikers, R. M. ]. P. (2020). Problem-Based Learning.
Oxford University Press. https://doi.org/10.1093/acrefore/9780190264093.013.861

McLean, M., Van Wyk, ]. M., Peters-Futre, E. M., & Higgins-Opitz, S. B. (2006). The small group in problem-
based learning: more than a cognitive “learning” experience for first-year medical students in a
diverse population. Medical Teacher, 28(4), €94-103.
https://doi.org/10.1080/01421590600726987

Merritt, E. G., Weinberg, A. E., Lapan, C., & Rimm-Kaufman, S. E. (2024). Igniting kid power: The impact of
environmental service-learning on elementary students’ awareness of energy problems and
solutions. Energy Research & Social Science, 116, 103670. https://doi.org/https://doi.org/
10.1016/j.erss.2024.103670

Neville, A.,, Norman, G., & White, R. (2019). McMaster at 50: lessons learned from five decades of PBL.
Advances in Health Sciences Education: Theory and Practice, 24(5), 853-863. https://doi.org/
10.1007/s10459-019-09908-2

Nicholus, G., Muwonge, C. M., & Joseph, N. (2023). The Role of Problem-Based Learning Approach in
Teaching and Learning Physics: A Systematic Literature Review. F1000Research, 12, 951.
https://doi.org/10.12688/f1000research.136339.2

Nisa, K., Aflahah, S., Aldeia, A. M. S., Witteveen, L., & Lie, R. (2025). Waste management literacy in
Indonesian secondary schools: Assessing knowledge, attitudes, and behavior. Jurnal Cakrawala
Pendidikan, 44(2).

Nurwidodo, N., Zaenab, S., Hindun, 1., & Wahyuni, S. (2025). Development of Problem Orientation Model
and Work Organization in Problem-Based Learning at Muhammadiyah Senior High School of Batu
City. Journal of Biological Education Indonesia (Jurnal Pendidikan Biologi Indonesia), 11(1), 424-437.

OECD. (2023). PISA 2022 Results The State of Learning and Equity in Education Publication Volume I. Paris:
OECD. https://doi.org/10.1787/53f23881-en

Purnama, H. . (2022). Applying “ Make a Match ” Model -based on Scientific Approach through Reward
Education Game for Elementary School Students. 4(1), 13-21.

Putri, D. K,, Hidayah, R., & Yuwono, Y. D. (2023). Problem Based Learning : Improve Critical Thinking Skills
for Long Life Learning. 9(7), 5049-5054. https://doi.org/10.29303 /jppipa.v9i7.4188

Rafiq, A. A, Triyono, M. B., & Djatmiko, I. W. (2023). The Integration of Inquiry and Problem-Based
Learning and Its Impact on Increasing the Vocational Student Involvement. International Journal of
Instruction, 16(1), 659-684. https://doi.org/10.29333/iji.2023.16137a

Schmidt, H. G., Rotgans, J. I., & Yew, E. H.]. (2011). The process of problem-based learning: what works and
why. Medical Education, 45(8), 792-806. https://doi.org/10.1111/j.1365-2923.2011.04035.x

Servant-Miklos, V. F. C. (2019). Problem solving skills versus knowledge acquisition: the historical dispute
that split problem-based learning into two camps. Advances in Health Sciences Education, 24(3), 619-
635. https://doi.org/10.1007 /s10459-018-9835-0

Servant-Miklos, V. F. C.,, Woods, N. N., & Dolmans, D. H.]. M. (2019). Celebrating 50 years of problem-based
learning: progress, pitfalls and possibilities. Advances in Health Sciences Education, 24(5), 849-851.
https://doi.org/10.1007/s10459-019-09947-9

Smith, K., Maynard, N., Berry, A., Stephenson, T., Spiteri, T., Corrigan, D., Mansfield, |., Ellerton, P., & Smith,
T. (2022). Principles of Problem-Based Learning (PBL) in STEM Education: Using Expert Wisdom
and Research to Frame Educational Practice. In Education Sciences (Vol. 12, Issue 10).
https://doi.org/10.3390/educsci12100728

Sormunen, K, Juuti, K., & Lavonen, ]. (2020). Maker-Centered Project-Based Learning in Inclusive Classes:
Supporting Students’ Active Participation with Teacher-Directed Reflective Discussions.
International Journal of Science and Mathematics Education, 18(4), 691-712. https://doi.org/
10.1007/s10763-019-09998-9

Spatioti, A. G., Kazanidis, 1., & Pange, ]. (2022). A Comparative Study of the ADDIE Instructional Design
Model in Distance Education. In Information (Vol. 13, Issue 9). https://doi.org/10.3390/
info13090402

Stohr, C., & Adawi, T. (2018). Flipped Classroom Research: From “Black Box” to “White Box” Evaluation. In
Education Sciences (Vol. 8, Issue 1). https://doi.org/10.3390/educsci8010022

Surur, M., Degeng, ., Setyosari, P., & Kuswandi, D. (2020). The Effect of Problem-Based Learning Strategies
and Cognitive Styles on Junior High School Students’ Problem-Solving Abilities. International Journal
of Instruction, 13(4), 35-48.

97



Journal Int. J. Theory Appl. Elem. Sec. Sch. Educ

Taber, K. S. (2024). Educational Constructivism. Encyclopedia, 4(4), 1534-1552. https://doi.org/https://
doi.org/10.3390/encyclopedia4040100

Tan, S. C., & Tee, M. Y. (2021). In-service educators co-constructing knowledge in a PBL setting: Phases of
interaction. Interdisciplinary Journal of Problem-Based Learning, 15(2).

Timothy, O. B. (2021). Science Experiences As Correlate Of Student Learning Outcome. 3(1), 15-24.

Trullas, J. C., Blay, C.,, Sarri, E., & Pujol, R. (2022). Effectiveness of problem-based learning methodology in
undergraduate medical education: a scoping review. BMC Medical Education, 22(1), 104.
https://doi.org/10.1186/s12909-022-03154-8

Tsai, C.-A,, Song, M.-Y. W,, Lo, Y.-F,, & Lo, C.-C. (2023). Design thinking with constructivist learning
increases the learning motivation and wicked problem-solving capability—An empirical research in
Taiwan. Thinking Skills and Creativity, 50, 101385. https://doi.org/https://doi.org/
10.1016/j.tsc.2023.101385

van de Wetering, |., Leijten, P., Spitzer, ., & Thomaes, S. (2022). Does environmental education benefit
environmental outcomes in children and adolescents? A meta-analysis. Journal of Environmental
Psychology, 81, 101782. https://doi.org/https://doi.org/10.1016/j.jenvp.2022.101782

Wang, Y. (2022). Effects of Online Cooperative Learning on Students ’ Problem-Solving Ability and Learning
Satisfaction. 13(June). https://doi.org/10.3389 /fpsyg.2022.817968

Watson, T. N. (2020). A seat at the table: examining the impact, ingenuity, and leadership practices of Black
women and girls in PK-20 contexts. In Journal of Educational Administration and History (Vol. 52,
Issue 3, pp. 241-243). Taylor & Francis.

Wijnia, L., Noordzij, G., Arends, L. R, Rikers, R. M. ]. P., & Loyens, S. M. M. (2024). The Effects of Problem-
Based, Project-Based, and Case-Based Learning on Students’ Motivation: a Meta-Analysis.
Educational Psychology Review, 36(1), 29. https://doi.org/10.1007 /s10648-024-09864-3

Xiong, Z., Song, Y., & Zhu, R. (2025). Pedagogical Strategies for Teaching Environmental Literacy in
Secondary School Education: A Systematic Review. In Sustainability (Vol. 17, Issue 20).
https://doi.org/10.3390/su17209104

Yew, E. H. ],, & Schmidt, H. G. (2012). What students learn in problem-based learning: A process analysis.
Instructional Science, 40(2), 371-395.

Yu, L., & Zin, Z. M. (2022). The critical thinking-oriented adaptations of problem-based learning models : a
systematic review.

Zamiri, M., & Esmaeili, A. (2024). Strategies, Methods, and Supports for Developing Skills within Learning
Communities: A Systematic Review of the Literature. In Administrative Sciences (Vol. 14, Issue 9).
https://doi.org/10.3390/admsci14090231

Zepeda, C. D., & Nokes-Malach, T.]. (2023). Assessing Metacognitive Regulation during Problem Solving: A
Comparison of Three Measures. In Journal of Intelligence (Vol. 11, Issue 1). https://doi.org/
10.3390/jintelligence11010016

Zhao, Y., & Wang, L. (2022). A case study of student development across project-based learning units in
middle school chemistry. Disciplinary and Interdisciplinary Science Education Research, 4(1), 5.
https://doi.org/10.1186/s43031-021-00045-8

98



