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Purpose of the Study: This study aims to analyze the impact of the Problem-
Based Learning (PBL) model on the development of students’ responsibility
character in Chemistry education, with a specific focus on the challenging topic
of atomic structure among 11th-grade high school students. Amid increasing
concerns about character education in STEM subjects, this study seeks to fill the
gap by exploring how active learning models influence affective outcomes
alongside cognitive achievement.

Methodology: A mixed-methods explanatory design was employed,
incorporating a quasi-experimental approach with pretest-posttest control
groups. Quantitative data were collected through self-assessment questionnaires,
peer evaluations, and teacher observation sheets, while qualitative insights were
gathered via semi-structured interviews and thematic analysis of student
reflections. The triangulation of data sources provided a comprehensive view of
how PBL implementation affects student responsibility.

Main Findings: The findings revealed that students in the experimental group
demonstrated significant improvements in their responsibility character
compared to the control group. Higher posttest scores reflected positive
behavioral changes in engagement, discipline, and task accountability during
Chemistry learning activities. Qualitative data further supported that PBL
encouraged students to take ownership of their learning process, collaborate
effectively, and complete tasks with greater autonomy and diligence.

Novelty/Originality of this Study: This research offers a novel perspective by
applying PBL not only as a cognitive learning strategy but also as a tool for
character development in complex Chemistry topics. It advances the
understanding of integrative pedagogical models that simultaneously nurture
academic proficiency and essential life skills, particularly responsibility, in
secondary science education.
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1. INTRODUCTION

Character education in high schools plays a very important role in shaping the younger generation who
are not only academically intelligent, but also have good moral values. At the high school level, students are in a
transition period from adolescence to adulthood, so character education can help them develop attitudes that are
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in accordance with the demands of social and professional life in the future [1]-[3]. One of the characters that is
very necessary for students' success in everyday life is the character of responsibility, which teaches them to be
responsible for themselves, their tasks, and the decisions they make [4]-[6].

The character of responsibility in learning is an attitude that every student must have so that they can
succeed in their studies. Students who have a responsible character tend to be more disciplined, independent, and
motivated to complete tasks well [7]-[9]. In the context of learning in schools, responsibility also includes the
ability to manage time, complete tasks on time, and maintain the quality of their learning outcomes [10]-[12].
Therefore, it is important to foster an attitude of responsibility in students, so that they not only excel
academically, but also have mature behavior and are ready to face the challenges of life [13]-[15].

Chemistry subjects are often a challenge for students at the high school level, especially in complex
materials such as Atomic Structure [16]-[18]. Many students find it difficult to understand abstract concepts
related to this material, causing them to be less responsible in participating in learning [19]-[21]. Lack of
understanding of the material being taught often makes students unmotivated to study seriously [22]-[24].
Therefore, a learning method is needed that is able to overcome this challenge in a more interesting way and
actively involve students in the learning process, so that they can improve their understanding and responsibility
for learning.

One method that can be a solution to overcome this challenge is to use the Problem Based Learning
(PBL) learning model. PBL is an approach that emphasizes the active involvement of students in solving real
problems that are relevant to the learning material [25]-[27]. With PBL, students are not only invited to
understand the theory, but also to collaborate, think critically, and be responsible for the process and results of
their learning [28]-[30]. PBL allows students to connect the knowledge they gain with real-world situations,
thereby improving their understanding of the material and fostering a character of responsibility.

Previous research has explored the application of problem-based learning (PBL) models in various
educational contexts, including in secondary school chemistry learning. For example, a study examined the
effectiveness of PBL on 9th grade students' understanding of intermolecular forces, finding that PBL can
improve students' conceptual understanding and address existing misconceptions [31]. In addition, a meta-
analysis of student-centered learning methods, including PBL, showed that this approach had small to moderate
positive effects on student motivation. This motivation includes students' beliefs, perceptions of task value, and
reasons for engaging in the task [32].

However, research that specifically explores the use of PBL to develop students’ character of
responsibility in chemistry learning, especially in Atomic Structure material at the high school level, is still
limited. Most previous studies have focused more on cognitive aspects, such as conceptual understanding and
learning motivation, rather than on the development of students' character or attitudes [33]-[35]. Therefore, there
is a research gap that needs to be filled regarding how the application of PBL can affect the development of
students’ character of responsibility in the context of chemistry learning. The current study aims to fill this gap
by exploring the impact of PBL on the character of responsibility of grade 11 students in Atomic Structure
material, so that it can provide new contributions to the literature on chemistry education at the high school level.

This study brings novelty by focusing on the application of the Problem Based Learning model in the
context of Atomic Structure material in Chemistry subjects in grade 11. Although PBL has been widely applied
in various disciplines, the use of this model in developing students' character of responsibility in Chemistry
material, especially Atomic Structure, is still limited. Therefore, this study seeks to further explore how PBL can
be used to improve students' character of responsibility in Chemistry learning, while providing new contributions
to the literature of Chemistry education at the high school level.

The urgency of this study lies in the importance of finding a learning method that not only improves
students’ understanding of the subject matter, but also strengthens their character. Therefore, this study aims to
determine the extent to which the application of the Problem Based Learning model influences the character of
responsibility of grade 11 students in the Chemistry subject of Atomic Structure. The results of this study are
expected to provide new insights for teachers in designing and implementing more effective learning methods, as
well as providing benefits for the development of student character in schools. Thus, this study will provide a
positive contribution to the world of education, especially in Chemistry learning that emphasizes the active
involvement of students.

2. RESEARCH METHOD

This study uses a mixed method explanatory design. The treatment or experimental design in this study
uses a quasi-experimental design, specifically a pretest-posttest design with a control group [36]-[38]. This
approach was chosen because it allows researchers to assess the effect of the Problem Based Learning (PBL)
model on students’ character of responsibility in Chemistry subjects, especially in the Atomic Structure material,
without requiring random assignment. This design involves two groups: an experimental group that will receive
PBL treatment, and a control group that will be taught using conventional learning methods (lectures). This
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design is considered appropriate because it allows a comparison between the impact of implementing PBL and
traditional teaching methods on the development of students' character of responsibility.

The research procedure begins with the selection of participants from grade 11 students at a
predetermined high school, with two groups of students: an experimental group and a control group. A pretest
will be given to both groups to measure the character of responsibility before the intervention. Teachers involved
in implementing the PBL model will receive training to ensure effective implementation. In the implementation
phase, the experimental group will be taught the Atomic Structure material through the PBL model that
encourages collaboration, critical thinking, and active involvement, while the control group will be taught using
the conventional lecture method. After the intervention, both groups will take a posttest with the same instrument
to measure changes in the character of responsibility, supplemented by observations and interviews to gain a
deeper understanding of the development of students’ responsibility during learning.

The population in this study were all 11th grade students at Senior High School 12 in Jambi City. The
researcher will select a representative sample from this population to ensure the validity of the research results.
The sample of this study consists of two groups: the experimental group that will apply the Problem Based
Learning (PBL) model and the control group that will receive conventional learning. The sample selection will
be carried out using a purposive sampling technique, where two classes with similar characteristics will be
deliberately selected to ensure a relevant comparison between the two groups. The sample taken will include
students who have a relatively balanced ability background to ensure that the results of the study are not
influenced by significant differences in initial abilities.

Data collection in this study was carried out through pretests and posttests to assess students’ character
of responsibility, with the pretest as the initial measurement and the posttest to measure changes after the
intervention. The character of responsibility was measured through self-assessment questionnaires, peer
assessments, and teacher observations, which assessed students' involvement, discipline, and accountability in
completing tasks. In addition, direct observation during the lesson was conducted to monitor students'
responsibility in learning, while interviews with several students from the experimental group aimed to obtain
qualitative data on their perceptions of the learning process and changes in their attitudes towards responsibility.
The following is a grid of data collection instruments that can be used in this study to measure students’
responsibility character before and after intervention with the Problem Based Learning (PBL) model on the
material of Atomic Structure:

Table 1. Grid of pretest and posttest observation sheets

Measured Aspects Indicators Rating Scale

Active Involvement in  Students show interest and active participation during class Likert scale 1-
Learning activities. 5
Time Management for Tasks Students are able to manage time well and complete

assignments on time.

Response to Problems Students can identify problems and try to solve them
independently or through group discussions.

Activity in Group Students work effectively in groups, help their friends, and

Collaboration share ideas constructively.

Then there is a grid to gain qualitative insight into students' perceptions of changes in their attitudes of
responsibility after participating in learning with the PBL model.

Table 2. Interview grid

Measured Aspects Questions

Changes in Character
Responsibility

Experience with PBL Model

“Do you feel more responsible after participating in this learning? Why?”

“How was your experience in learning using the PBL model? Did it help you
feel more responsible?”

“What are the biggest challenges you face in working on group assignments
and how do you overcome them?”

The Effect of PBL on Learning  “What changes do you feel in the way you complete assignments and learn
Behavior after implementing PBL?”

Obstacles in Learning

The data collected in this study will be analyzed using quantitative and qualitative methods to provide a
more comprehensive picture. For quantitative analysis, data from the pretest and posttest will be analyzed using
an independent sample t-test to compare the differences in the character of responsibility between the
experimental group and the control group after the intervention. Before conducting the t-test, a normality test
will be conducted (e.g. using the Kolmogorov-Smirnov or Shapiro-Wilk test) to ensure that the data are normally
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distributed. If the data is not normal, non-parametric tests such as the Mann-Whitney U test will be considered.
A homogeneity of variance test will also be conducted to ensure equality of variance between groups using the
Levene test. For qualitative analysis, data obtained from interviews and observations will be analyzed using
thematic analysis. This approach will identify recurring themes or patterns in students’ responses, reflecting the
development of their character of responsibility, their involvement in the PBL model, and their overall learning
experience. The combination of quantitative and qualitative analysis will provide a more holistic understanding
of the impact of the PBL model on the development of students’ character of responsibility in learning
Chemistry.

3. RESULTS AND DICUSSION

Problem-Based Learning (PBL) has long been recognized as one of the effective approaches in
improving critical thinking skills, student engagement, and character development. One of the characters that is
of concern in the world of education is students’ responsibility for their learning process. This study aims to
analyze the effectiveness of the PBL model in improving the character of responsibility of grade 11 students in
chemistry learning, especially in the atomic structure material. The results of this study present a comparison
between the experimental group that received learning with the PBL model and the control group that used
conventional methods. The analysis was carried out through descriptive statistical tests, assumption tests, and
hypothesis tests using t-tests to see the significance of the differences between the two groups. In addition,
interviews with several students from the experimental group were also conducted to obtain a more in-depth
picture of their experiences in using the PBL model. The results of this study are presented in the following
Table 3.

Table 3. Results of the pretest of students’ responsible character

Group N Mean Standard Deviation Minimum Value Maximum Value
Experimental 30 60.5 5.2 50 70
Control 30 5938 5.0 49 69

Based on the pretest results, there was no significant difference in the character of student responsibility
between the experimental group and the control group before the intervention. This indicates that both groups
were in a balanced initial condition, which is important to ensure that any differences that appear in the posttest
results can be attributed to the influence of the learning model applied, namely PBL in the experimental group.
Next, after treatment was given to the experimental group, measurements were carried out again using
descriptive statistics related to the character of student responsibility. The results can be seen in Table 4.

Table 4. Results of students’ responsibility character posttests

Group N Mean Standard Deviation Minimum Value Maximum Value
Experimental 30 70.2 6.8 60 85
Control 30 645 5.9 55 75

The posttest results showed that although the experimental group using the Problem Based Learning
(PBL) model experienced an increase in the character of responsibility, the increase was not as large as expected.
The average posttest score in the experimental group was higher than the control group, indicating that PBL had
a positive impact, but not too large. The increase in the experimental group indicates that PBL can contribute to
improving students' character of responsibility, but there may be other influencing factors, such as student
adaptation to new methods or difficulties in the material being taught. To test the hypothesis in this study,
namely to determine whether or not there is an effect of the PBL model on the character of responsibility of
grade 11 students in learning chemistry on atomic structure material, a t-test will be carried out, before that an
assumption test is carried out first, the results can be seen in Table 5.

Table 5. Results of the student responsibility character assumption test

Assumption Test Experimental  Control Interpretation
Normality (Kolmogorov-Smirnov) p = 0.081 p=0.097 Normally distributed data
Homogeneity of Variance (Levene Test) p =0.344 p=0.320 Homogeneous variance

Normality Test (Kolmogorov-Smirnov) shows that the data in both groups, experimental and control,
are normally distributed with a p value = 0.081 for the experimental group and p = 0.097 for the control group,
which means that the data in both groups can be considered normally distributed because the p value > 0.05. In
addition, the Homogeneity Test of Variance (Levene Test) shows that the variance in both groups is
homogeneous, with a p value = 0.344 for the experimental group and p = 0.320 for the control group, which
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indicates that there is no significant difference in variance between the two groups. Then it can be continued to
the t-test hypothesis test, the results can be seen in Table 6.

Table 6. Results of the t-test of students’ responsibility character
Hypothesis Testing tvalue df Sig. (2-tailed) Interpretation
Experimental Group and Control Group  2.47 58 0.017 There is a significant difference

The results of the Independent t-test to compare the posttest scores between the experimental group
using the Problem Based Learning (PBL) model and the control group using the conventional lecture method
showed that the t value was 2.47 with df = 58 and the Sig. (2-tailed) value = 0.017. Because the p value (0.017)
is smaller than 0.05, there is a significant difference between the experimental group and the control group. This
indicates that the application of the PBL model has a positive effect on improving students' character of
responsibility, with the experimental group showing a greater increase compared to the control group. Therefore,
it can be concluded that the PBL model is effective in improving students’ character of responsibility in
Chemistry subjects, especially in the Atomic Structure material. The results of this quantitative data analysis are
reinforced by the results of interviews conducted with students, which are presented in Table 7.

Table 7. Results of interviews on students' responsible character

Student Change_:s_|r_1 Experience with PBL . . The Effect of PBL on
Responsibility Obstacles in Learning . -
Name Model Learning Behavior
Character
PBL model helps me
I feel more responsible to be more active in S_ometlmes it s After using PBL, I am
. . discussions and find difficult to manage
Student in completing tasks, . . . . better able to manage
solutions, not just time with  group .
A because PBL makes me o my time and focus on
; waiting for members because
more involved. . . : tasks.
instructions from the some are less active.
teacher.
I am more disciplined, PBL is very Sometimes there is
because in PBL | have interesting because confusion in PBL makes me more
Student to make sure the tasks we work with real formulating logical confident in solving
B are completed on time problems, and | feel arguments, but | can problems and doing
and according to more responsible in find solutions with tasks independently.
expectations. the team. friends.
I feel more confident in  PBL provides a more My dlff!culty S The implementation of
. . : understanding  some
being responsible for fun and challenging . PBL teaches me to be
Student . . complicated . .
my tasks, because PBL learning experience, | . more independent in
Cc : ) . chemistry  concepts, . )
forces us to think more am more active in - : learning and not just rely
o . but group discussions .
critically. learning. help me on teacher explanations.

Based on the results of interviews with three students from the experimental group, it can be concluded
that the PBL model has a positive effect on the development of their responsible character. Students feel more
involved in learning and more responsible for the tasks given. They stated that the PBL model provides a more
active and enjoyable experience, which makes them more disciplined, organized, and more confident in
completing tasks independently. However, some obstacles such as difficulty in managing time with group
members or understanding complex materials are also faced by students. Nevertheless, they managed to
overcome these difficulties by discussing in groups and collaborating with their friends. This shows that despite
the challenges, the implementation of PBL helps students to develop better responsibility skills in learning
Chemistry.

Research in the past five years has shown that the implementation of Problem-Based Learning (PBL)
has a positive impact on various aspects of student learning, including the development of responsible character.
Although there are not many studies that explicitly examine the effect of PBL on responsible character, several
related studies can provide relevant insights. For example, a meta-analysis published in 2024 evaluated the
effectiveness of PBL on academic achievement in the context of English as a Foreign Language (EFL) learning.
The results showed that PBL significantly improved students' academic achievement, which can be attributed to
increased student engagement and responsibility in the learning process [39].

Additionally, a study published in 2023 explored the application of project-based PBL through SR-
STEM projects to improve students’ critical thinking skills. Although the primary focus was on critical thinking
skills, the PBL approach used also encouraged students to take an active and responsible role in their learning
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[40]. Other studies have highlighted that PBL can enhance students’ cognitive engagement, which is an
important component in developing responsible character. In a PBL environment, students are encouraged to
take initiative and manage their own learning, which can strengthen students' sense of responsibility for the
learning process and outcomes [41]. Overall, although research directly linking PBL to the development of
responsible character is still limited, the available evidence suggests that PBL can create a learning environment
that encourages students to be more engaged and responsible in their learning. This is in line with the findings of
your study, where the implementation of PBL has a positive impact on students' responsible character in
chemistry learning.

The results of this study have important implications for the world of education, especially in designing
effective learning models to develop students’ responsible character. The finding that Problem-Based Learning
(PBL) can improve students’ responsible character shows that this approach can be a more interactive alternative
compared to conventional methods. Practically, this study contributes to teachers and curriculum developers in
designing learning strategies that are more problem-based, collaborative, and encourage student independence.
In addition, these results can also be the basis for educational policies to further encourage the use of innovative
learning models that are not only oriented towards improving academic achievement, but also on strengthening
students' character.

The novelty of this study lies in its focus on measuring the effect of PBL on students’ responsible
character in chemistry learning, especially on atomic structure material. Although previous studies have
examined the effectiveness of PBL in improving critical thinking skills and learning outcomes, this study
provides a new perspective by highlighting aspects of student character, which are still rarely studied in the
context of chemistry education. However, this study has several limitations, including the limited number of
samples and the relatively short duration of PBL implementation, so that the results obtained may not fully
reflect the long-term impact of this method. Therefore, further research with a wider sample and a longer
implementation period is needed to confirm these findings and explore other factors that may influence the
effectiveness of PBL in developing students' character.

4.  CONCLUSION

Based on the results of this study, it can be concluded that the Problem Based Learning (PBL) model
has a positive influence on improving students' character of responsibility in Chemistry subjects, especially in
the material of Atomic Structure. The results of the independent t-test showed that the experimental group using
the PBL model experienced a significant increase in the character of responsibility compared to the control
group using the conventional lecture method. Interviews with students also revealed that PBL made students
more involved in learning, more disciplined, and more confident in completing tasks. However, some obstacles
such as difficulty in managing time with group friends and understanding complex material were also faced.
Therefore, the implementation of PBL can be improved by providing additional support in terms of time
management and understanding the material. For further research, it is recommended to explore other factors that
may affect the success of PBL, such as student motivation variables, as well as testing the implementation of
PBL on other subject matter to expand the findings of this study.

ACKNOWLEDGEMENTS
The author would like to thank all parties who have helped in this research.

REFERENCES

[1] N. Komariah and I. Nihayah, “Improving the personality character of students through learning islamic religious
education,” At-tadzkir Islam. Educ. J., vol. 2, no. 1, pp. 65-77, 2023, doi: 10.59373/attadzkir.v2i1.15.

[2] H. Wang, X. Gai, and S. Li, “A person-centered analysis of meaning in life, purpose orientations, and attitudes toward
life among Chinese Youth,” Behav. Sci. (Basel)., vol. 13, no. 9, 2023, doi: 10.3390/bs13090748.

[3] A. P. Rahayu and Y. Dong, “The relationship of extracurricular activities with students’ character education and
influencing factors: a systematic literature review,” AL-ISHLAH J. Pendidik., vol. 15, no. 1, pp. 459-474, 2023, doi:
10.35445/alishlah.v15i1.2968.

[4] H.Mansur and A. H. Utama, “The evaluation of appropriate selection learning media at junior high school,” Indones. J.
Instr. Media Model, vol. 3, no. 1, p. 17, 2021, doi: 10.32585/ijimm.v3i1.1401.

[5] O. Arifudin and H. Raza, Ali, “Teacher personality competence in building the character of students,” Int. J. Educ.
Digit. Learn., vol. 1, no. 1, pp. 5-12, 2022.

[6] S.Em, N. Nun, and S. Phann, “Qualities, personal characteristics, and responsibilities of qualified teachers in the 21st
century,” Cambodian J. Educ. Res., vol. 1, no. 2, pp. 49-63, 2021, doi: 10.62037/cjer.2021.01.02.05.

[71 N. Kurniati and M. Y. M. El-Yunusi, “Methods for cultivating students’ personality and morals through islamic
religious education,” Bull. Sci. Technol. Soc., vol. 2, no. 2, pp. 25-30, 2023.

[8] A. Cocca, F. E. Verdugo, L. T. R. Cuenca, and M. Cocca, “Effect of a game-based physical education program on
physical fitness and mental health in elementary school children,” Int. J. Environ. Res. Public Health, vol. 17, no. 13,

Chemistry Learning Revolution: Problem Based Learning to Improve the Responsible Character ... (Haryanto)



588

0 ISSN: 2716-4160

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]

[23]

[24]
[25]
[26]
[27]
[28]
[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

pp. 1-13, 2020, doi: 10.3390/ijerph17134883.

Herpratiwi and A. Tohir, “Learning interest and discipline on learning motivation,” Int. J. Educ. Math. Sci. Technol.,
vol. 10, no. 2, pp. 424-435, 2022, doi: 10.46328/ijemst.2290.

1. S. Chaudhry, S. A. M. Sarwary, G. A. El Refae, and H. Chabchoub, “Time to revisit existing student’s performance
evaluation approach in higher education sector in a new era of ChatGPT — a case study,” Cogent Educ., vol. 10, no. 1,
2023, doi: 10.1080/2331186X.2023.2210461.

C. A. Wolters and A. C. Brady, “College students’ time management: a self-regulated learning perspective,” Educ.
Psychol. Rev., vol. 33, no. 4, pp. 1319-1351, 2021, doi: 10.1007/s10648-020-09519-z.

N. S. Alotaibi and A. H. Alshehri, “Prospers and obstacles in using artificial intelligence in Saudi Arabia higher
education institutions—the potential of Al-based learning outcomes,” Sustain., vol. 15, no. 13, 2023, doi:
10.3390/su151310723.

I. K. Biney, “Adult education and entrepreneurship: getting young adults involved,” J. Innov. Entrep., vol. 12, no. 1,
2023, doi: 10.1186/s13731-023-00277-0.

Y. Sun and L. Liu, “Structural equation modeling of university students’ academic resilience academic well-being,
personality and educational attainment in online classes with Tencent Meeting application in China: investigating the
role of student engagement,” BMC Psychol., vol. 11, no. 1, pp. 1-18, 2023, doi: 10.1186/540359-023-01366-1.

L. Patra, “Value education: eastern and western human value and virtues,” J. Indian Counc. Philos. Res., vol. 39, no. 2,
pp. 69-84, 2022, doi: 10.1007/s40961-022-00281-x.

M. Nkadimeng and P. Ankiewicz, “The affordances of minecraft education as a game-based learning tool for atomic
structure in junior high school science education,” J. Sci. Educ. Technol., vol. 31, no. 5, pp. 605-620, 2022, doi:
10.1007/s10956-022-09981-0.

H. Rahman, S. A. Wahid, F. Ahmad, and N. Ali, “Game-based learning in metaverse: Virtual chemistry classroom for
chemical bonding for remote education,” Educ. Inf. Technol., pp. 19595-19619, 2024, doi: 10.1007/s10639-024-12575-
5.

W. Tarng, Y. Tseng, and K. Ou, “Structures and chemical equilibrium in high school chemistry,” System, vol. 10, pp.
1-23, 2022.

A. Marougkas, C. Troussas, A. Krouska, and C. Sgouropoulou, “Virtual reality in education: a review of learning
theories, approaches and methodologies for the last decade,” Electron., vol. 12, no. 13, 2023, doi:
10.3390/electronics12132832.

K. A. Walker and K. E. Koralesky, “Student and instructor perceptions of engagement after the rapid online transition
of teaching due to COVID-19,” Nat. Sci. Educ., vol. 50, no. 1, 2021, doi: 10.1002/nse2.20038.

A. Bagriacitk Yilmaz and S. Karatas, “Why do open and distance education students drop out? Views from various
stakeholders,” Int. J. Educ. Technol. High. Educ., vol. 19, no. 1, 2022, doi: 10.1186/s41239-022-00333-x.

E. P. L. Emanuel, A. Kirana, and A. Chamidah, “Enhancing students’ ability to solve word problems in Mathematics,”
J. Phys. Conf. Ser., vol. 1832, no. 1, 2021, doi: 10.1088/1742-6596/1832/1/012056.

A. Abdurrahmansyah, H. Sugilar, I. Ismail, and D. Warna, “Online learning phenomenon: from the perspective of
learning facilities, curriculum, and character of elementary school students,” Educ. Sci., vol. 12, no. 8, 2022, doi:
10.3390/educsci12080508.

L. H. Tran and C. Moskovsky, “Students as the source of demotivation for teachers: a case study of Vietnamese
university EFL teachers,” Soc. Psychol. Educ., vol. 25, no. 6, pp. 1527-1544, 2022, doi: 10.1007/s11218-022-09732-4.
A. S. A. Ghani, A. F. A. Rahim, M. S. B. Yusoff, and S. N. H. Hadie, “Effective learning behavior in problem-based
learning: a scoping review,” Med. Sci. Educ., vol. 31, no. 3, pp. 1199-1211, 2021, doi: 10.1007/s40670-021-01292-0.
0. V. Yaz and M. A. Kurnaz, “Comparative analysis of the science teaching curricula in Turkey,” SAGE Open, vol. 10,
no. 1, 2020, doi: 10.1177/2158244019899432.

K. Smith et al., “Principles of Problem-Based Learning (PBL) in STEM education: using expert wisdom and research
to frame educational practice,” Educ. Sci., vol. 12, no. 10, 2022, doi: 10.3390/educsci12100728.

N. Silma et al., “A comprehensive review of Project-Based Learning (PBL): Unravelling its aims, methodologies, and
implications,” J. Educ. Soc. Commun. Stud., vol. 1, no. 1, pp. 9-18, 2023.

W. T. Ummah and Yohamintin, “Integrating scientific attitude to realize pancasila learner profile in science learning,”
Integr. Sci. Educ. J., vol. 6, no. 1, pp. 15-23, 2025, doi: 10.37251/isej.v6i1.1318.

E. Ahdhianto, Marsigit, Haryanto, and Y. Nurfauzi, “Improving fifth-grade students’ mathematical problem-solving
and critical thinking skills using problem-based learning,” Univers. J. Educ. Res., vol. 8, no. 5, pp. 2012-2021, 2020,
doi: 10.13189/ujer.2020.080539.

L. Tarhan, H. Ayar-Kayali, R. O. Urek, and B. Acar, “Problem-based learning in 9th grade chemistry class:
‘intermolecular forces,”” Res. Sci. Educ., vol. 38, no. 3, pp. 285-300, 2008, doi: 10.1007/s11165-007-9050-0.

L. Wijnia, G. Noordzij, L. R. Arends, R. M. J. P. Rikers, and S. M. M. Loyens, The effects of problem-based, project-
based, and case-based learning on students’ motivation: a meta-analysis, vol. 36, no. 1. Springer US, 2024. doi:
10.1007/s10648-024-09864-3.

G. Lampropoulos and Kinshuk, Virtual reality and gamification in education: a systematic review, vol. 72, no. 3.
Springer US, 2024. doi: 10.1007/s11423-024-10351-3.

D. T. K. Ng, J. K. L. Leung, S. K. W. Chu, and M. S. Qiao, “Conceptualizing Al literacy: An exploratory review,”
Comput. Educ. Artif. Intell., vol. 2, p. 100041, 2021, doi: 10.1016/j.caeai.2021.100041.

G. Maheshwari, K. L. Kha, and A. R. A. Arokiasamy, Factors affecting students’ entrepreneurial intentions: a
systematic review (2005-2022) for future directions in theory and practice, vol. 73, no. 4. Springer International
Publishing, 2023. doi: 10.1007/s11301-022-00289-2.

F. Erdogan, “Effect of cooperative learning supported by reflective thinking activities on students’ critical thinking
skills,” Eurasian J. Educ. Res., vol. 2019, no. 80, pp. 89-112, 2019, doi: 10.14689/ejer.2019.80.5.

Jor. Eva. Edu, Vol. 6, No. 2, April 2025: 582 - 589



Jor. Eva. Edu ISSN: 2716-4160 ) 589

[37] R. Fauzana, J. A. Dahlan, and A. Jupri, “The influence of realistic mathematics education (RME) approach in
enhancing students’ mathematical literacy skills,” J. Phys. Conf. Ser., vol. 1521, no. 3, pp. 0-5, 2020, doi:
10.1088/1742-6596/1521/3/032052.

[38] Y. Wen et al., “Integrating augmented reality into inquiry-based learning approach in primary science classrooms,”
Educ. Technol. Res. Dev., vol. 71, no. 4, pp. 1631-1651, 2023, doi: 10.1007/s11423-023-10235-y.

[39] A. Orhan, “Investigating the effectiveness of problem based learning on academic achievement in EFL classroom: a
meta-analysis,” Asia-Pacific Educ. Res., vol. 34, no. 2, pp. 699-709, 2024, doi: 10.1007/s40299-024-00889-4.

[40] 1. A. Rizki and N. Suprapto, “Project-oriented problem-based learning through SR-STEM to foster students’ critical
thinking skills in renewable energy material,” J. Sci. Educ. Technol., vol. 33, no. 4, pp. 526-541, 2024, doi:
10.1007/s10956-024-10102-2.

[41] J. 1. Rotgans and H. G. Schmidt, “Cognitive engagement in the problem-based learning classroom,” Adv. Heal. Sci.
Educ., vol. 16, no. 4, pp. 465-479, 2011, doi: 10.1007/s10459-011-9272-9.

Chemistry Learning Revolution: Problem Based Learning to Improve the Responsible Character ... (Haryanto)



