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Introduction

Creativity is increasingly recognized as one of the
twenty-first-century

essential ~ competencies  in

Abstract: Creativity is a crucial competence in 21st-century science education;
however, physics laboratory activities in higher education are still
predominantly conducted using verification-based models, which provide
limited opportunities for creative thinking development. This study aims to
examine the effectiveness of a Collaborative Problem-Solving Laboratory
(CPSL) approach in enhancing the creativity of prospective physics teachers.
The study employed a pre-experimental one-group pre-test-post-test design
involving 20 undergraduate students enrolled in a Basic Physics Practicum
course. Students’ creativity was measured using an adapted Scientific
Creativity Test encompassing fluency, flexibility, originality, and elaboration.
Data were analyzed using the normalized gain (N-Gain) to determine the
extent of improvement in each creativity indicator. The results revealed a
substantial increase in students’ creativity after the implementation of CPSL.
Three indicators—Unusual Uses, Problem Finding, and Product
Improvement—achieved high N-Gain values (0.7-0.8), while Creative
Imagination, Creative Experimental Ability, and Product Design showed
moderate improvement (0.4-0.6). These findings indicate that integrating
collaborative  problem-solving processes throughout pre-laboratory,
laboratory, and post-laboratory activities can effectively promote students’
creative thinking. It can be concluded that CPSL has the potential to transform
physics laboratory practices from routine verification tasks into collaborative
and creativity-oriented learning experiences.

Keywords: Creativity, Physics Lab, Collaborative Problem Solving, Physics
Education

development of innovative solutions, and engagement
in reflective learning practices. Science and technology
educators are expected to establish learning
environments that cultivate creative thinking as a

education, particularly in science and technology.
International studies consistently emphasize that
creativity is crucial in enhancing students’ learning
experiences and equipping them to think critically, solve
complex problems, and adapt to rapid technological
changes (Govindasamy et al., 2024). Creativity is an
essential component of science education, as it fosters
students” exploration of novel concepts, the
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fundamental component of general and scientific
literacy (Zoabi, 2022). Furthermore, creative education
holds the potential to mitigate educational disparities by
establishing inclusive learning environments that foster
collaboration, inquisitiveness, and innovative thinking
(Ismail et al., 2018).

Laboratory activities play a pivotal role in the
global advancement of science and engineering
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education. They enable students to transcend passive
knowledge acquisition and actively engage with
phenomena through hands-on experiments. By
providing experiences that complement theoretical
explanations, laboratories enhance the comprehension
of abstract and intricate scientific concepts (Bretz, 2019;
Raman et al., 2022). Well-designed laboratory practices
are also believed to enhance students’ motivation,
curiosity, and creativity (Draper et al., 2021; Muliyadi et
al., 2023; Yildirim, 2021). Furthermore, the quality of
teaching and innovation in laboratory learning has been
identified as a crucial factor in the provision of
meaningful science education (Grushow et al., 2022).
Despite its potential, laboratory education frequently
encounters challenges in its implementation. These
challenges encompass rigid instructional models and the
absence of standardized methods for assessing creativity
as a learning outcome (Asiksoy, 2023).

In the laboratory setting, physics education often
adheres to a procedural approach, emphasizing
theoretical validation rather than fostering independent
exploration and problem-solving. Students diligently
follow experimental procedures as prescribed, lacking
the opportunity to innovate, adapt, or develop effective
strategies ~ for  tackling complex  challenges.
Consequently, the development of advanced cognitive
abilities, including creative, critical, and collaborative
thinking, is hindered. Practicum sessions frequently
become routine activities, diminishing the role of
students as active seekers of knowledge and meaning
within the realm of physics (Ermayanti et al., 2021;
Unwakoly et al., 2024).

From a theoretical perspective, creativity in science
learning is not merely an innate talent but a cognitive
skill that can be systematically developed through
appropriate learning environments (Soomro et al., 2022).
Hu and Adey’s scientific creativity framework
conceptualizes creativity as a multidimensional
construct comprising fluency, flexibility, originality, and
elaboration, which are closely associated with students’
ability to generate, modify, and refine scientific ideas
(Hu & Adey, 2002). In laboratory contexts, these
dimensions are expected to emerge when students are
provided with opportunities to explore problems,
propose alternative solutions, and iteratively improve
experimental designs rather than merely follow
predetermined procedures (Bretz, 2019; Costu, 2024).
Therefore, creativity development in  physics
laboratories requires instructional designs that explicitly
support divergent thinking and idea construction
processes (Draper et al., 2021).

To address these limitations, a learning approach is
required that fosters active student participation in
collaborative and creative problem-solving. One
promising approach is the Collaborative Problem-
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Solving Laboratory (CPSL). This approach integrates
collaborative problem-solving within the context of
laboratory  experiments through a systematic
progression encompassing problem identification, idea
exploration, experiment design, and result evaluation.
CPSL not only facilitates the acquisition of conceptual
knowledge but also cultivates students’ creativity and
interpersonal skills.

Numerous prior studies have demonstrated that
Problem-Based Learning (PBL) and Inquiry-Based
Learning (IBL) can enhance concept comprehension and
critical thinking abilities (Arifah et al., 2021; Astalini et
al., 2023; Kusdiastuti et al., 2020; Nurhasnawati et al.,
2023; Permata Sari et al, 2022). Nevertheless, these
approaches are predominantly employed in the context
of theoretical classroom learning or primarily emphasize
individual problem-solving. Research on laboratory
learning that explicitly facilitates teamwork, creative
exploration, and reflection through CPS remains
significantly limited. Consequently, the integration of
the Collaborative Problem Solving approach into the
design of physics practicum constitutes a significant
breakthrough that has not been extensively explored.

Despite strong theoretical support for creativity-
oriented and collaborative learning, physics laboratory
practices in higher education—particularly in the
Indonesian  context—remain largely verification-
oriented and teacher-directed (Bretz, 2019; Ermayanti et
al., 2021). This misalignment between theoretical
expectations and instructional practice creates a gap in
which students’ creative potential is insufficiently
developed (Costu, 2024; Kruse et al., 2022). Moreover,
while collaborative problem-solving has been widely
studied in classroom-based learning, its systematic
integration across all stages of laboratory activities, from
pre-laboratory to post-laboratory phases, has received
limited empirical attention (Michalsky & Cohen, 2021;
Saputra et al., 2023). Consequently, there is a clear need
for research that not only implements CPS within
physics laboratories but also empirically examines its
effectiveness in enhancing students’ scientific
creativity (Hidayah, 2023; Xu et al., 2023).

These limitations highlight a substantial research
gap. Traditional physics laboratory  models,
characterized by rigid procedures and narrow
objectives, are inadequate in fostering students’ creative
potential (Anoop et al, 2023). While international
studies increasingly advocate for inquiry-based and
problem-solving strategies, few empirical investigations
in Indonesia have examined the systematic integration
of Collaborative Problem Solving (CPS) within physics
laboratory settings. At the same time, reliable methods
for assessing creativity as an explicit learning outcome
of laboratory activities remain scarce. This gap

highlights the urgency of rethinking laboratory practices
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to be more student-centred, collaborative, and
creativity-driven.

CPS has emerged as a promising pedagogical
approach to address these challenges. CPS provides a
supportive environment that enhances creativity and
critical thinking by situating students in problem
contexts that require teamwork, negotiation, and joint
decision-making. (Hidayah, 2023; Michalsky & Cohen,
2021). In physics laboratories, CPS can foster student
engagement by encouraging them to design and modify
experimental procedures, explore alternative solutions,
and collectively reflect on the outcomes of their
investigations. These processes inherently promote
creative thinking, requiring flexibility, originality, and
elaboration. Research has also demonstrated that the
collaborative nature of CPS enhances student
engagement and motivation, thereby unlocking their
creative potential (Muawiyah, 2024). Laboratories,
therefore, can serve not only as spaces for verifying
theories but also as fertile grounds for cultivating
creativity through structured collaborative inquiry
(Alnuaimi & Abdulhabib, 2023; Soomro et al., 2022).

The novelty of this study lies in its systematic
integration of CPS into physics laboratory activities in
Indonesian higher education, a context that has rarely
been explored in previous research. Unlike earlier
studies that primarily investigated inquiry-based or
verification-oriented laboratories, this study focuses on
fostering creativity by embedding collaborative
problem-solving processes into every stage of practicum
activities.

In light of these considerations, this study examines
the effectiveness of incorporating a Collaborative
Problem-Solving approach into physics laboratory
activities to cultivate students’ creative thinking.
Specifically, the research investigates how CPS can
transform  laboratory  practices from  routine,
verification-based tasks into dynamic, student-centered
experiences that facilitate creative problem-solving and
innovative thinking. The findings of this study are
anticipated to contribute theoretically by expanding the
discourse on creativity in science education and
practically by providing empirical evidence and

pedagogical insights for redesigning physics
laboratories within Indonesian higher education
institutions.
Method

Time and Location of the Research

This research was conducted during the first
semester of the academic year 2023/2024 at the Physics
Education Study Program, Faculty of Teacher Training
and Education, Lambung Mangkurat University,
Indonesia. The study was carried out as part of the Basic
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Physics Practicum course, which includes laboratory
activities on electricity and magnetism.

Type of Research

This study employed a pre-experimental design
with a one-group pre-test-post-test structure. The
design was chosen to determine the effectiveness of the
Collaborative Problem-Solving approach in fostering
students’ creativity during physics laboratory activities.
By comparing students’ creativity scores before and after
the intervention, the study aimed to evaluate the extent
of improvement attributable to implementing CPS.

Population and Sample
The population of this study consisted of
undergraduate students enrolled in the Physics

Education Study Program at Lambung Mangkurat
University. The sample comprised 20 students who
were taking the Basic Physics Practicum course.
Participants were selected using purposive sampling,
ensuring that all students experienced the same
practicum content, instructional approach, and learning
environment throughout the intervention.

Development Stages (Implementation of CPSL)

The intervention was implemented through a series
of physics laboratory activities designed based on the
CPSL framework. The CPSL stages were systematically
integrated into three main phases: 1) Pre-Laboratory
Phase, Students worked collaboratively to identify
authentic problems, respond to conceptual questions,
generate initial ideas, and design experimental
procedures. 2) Laboratory Phase, Students conducted
experiments in small groups, collected and analyzed
experimental data, and evaluated the suitability of their
experimental designs. 3) Post-Laboratory Phase,
Students collaboratively reflected on experimental
results, refined their conclusions, and prepared
practicum reports.

Data Collection Instrument

Students’ creativity was assessed using a test
instrument adapted from Hu and Adey, which is
designed to measure four main dimensions: fluency,
flexibility, originality, and elaboration (Hu & Adey,
2002). Adaptation was carried out to align with the local
context, both in terms of content and language, as well
as the representation of electrical and magnetic materials
that are the focus of learning. The test was administered
twice: once before the intervention (pre-test) and once
after the intervention (post-test).

Data Analysis
The collected data were analyzed using N-Gain
scores to measure the extent of improvement in
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students’ creativity. The N-Gain was calculated by
comparing pre-test and post-test scores using the
formula proposed by Hake. The categorization of N-
Gain scores followed the standard classification: high (g
>0.7), medium (0.3 < g<0.7), and low (g <0.3).

Furthermore, the mean N-Gain for all participants
was computed to ascertain the overall level of
enhancement. The distribution of N-Gain categories
among the participants was also analyzed to provide a
comprehensive overview of students’ creative
development.
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Figure 1. Research flow chart of the CPSL-based physics
practicum

Results and Discussion

The level of creativity exhibited by physics
education students in this study was evaluated through
six prominent indicators. The assessment was conducted
via a pre-test and post-test, employing the normalized
gain (N-Gain) formula to analyze the extent of score
enhancement. The comprehensive results are presented
in Table 1.

The results of measuring student creativity using
the scientific creativity test showed a significant increase
after implementing the Collaborative Problem-Solving
model (Hu & Adey, 2002). Three indicators, namely
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Unusual Uses, Problem Finding, and Product
Improvement, achieved high N-Gain values (0.7-0.8),
while the indicators Creative Imagination, Creative
Experiment Ability, and Product Design showed
moderate increases (0.4-0.6). This increase can be
attributed to the correlation between each stage of CPSL
and the development of students’ creativity dimensions.

Table 1. Data for the Creativity of Physics Education
Students

Average score N-Gain Category

Indicator Pre Test Post Test

Unusual Uses 38.8 84.7 0.8 High
Problem finding 25.9 84.9 0.8 High
Product improvement 15.7 75.9 0.7 High
Creative imagination 329 74.9 0.6 Medium
Creative experimental 155 509 (5 Medium
ability

Product design 15.5 50.2 0.4 Medium

High-Gain Creativity Indicators in CPSL-Based Practicum

The Pre-Lab stage in collaborative learning holds
significant importance in enhancing the problem-
finding indicator of student creativity. The impact of N-
Gain, which may vary across studies, is notable during
this stage. Students are empowered to engage in
intensive discussions to formulate practicum objectives,
address conceptual questions, and identify research
questions grounded in authentic problems. These group
discussions not only facilitate the acceptance of existing
problems but also cultivate divergent thinking skills,
which are crucial for creatively defining problems
(Ecevit & Kaptan, 2022; Murwaningsih & Fauziah, 2020).

Collaboration in groups can enrich the exploration
of ideas and help students discover unidentified
problems (Ecevit & Kaptan, 2022). This process aligns
with the statement that group collaboration plays an
important role in improving cognitive and
metacognitive thinking skills (Ecevit & Kaptan, 2022). In
addition to fostering innovative problem-solving
approaches, these discussions enhance students’ critical
and creative thinking abilities. This aligns with research
indicating that group discussions promote the
development of robust divergent thinking skills(Wei,
2024). Efforts to increase student engagement in
discussions and problem-solving positively impact their
academic skills and enrich their overall learning
experience (Beaty et al., 2021).

During the Idea Generation stage, students are
empowered to generate ideas and alternative solutions
that will be analyzed and consolidated into practical
designs and hypotheses. This process contributes to an
increase in the Unusual Uses indicator with an N-Gain
of 0.8. Each group member is encouraged to contribute
their ideas, fostering an atmosphere of diverse and
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innovative perspective exchange. This aligns with the
characteristics of scientific creativity, emphasizing the
importance of fluency of ideas and originality in
problem-solving (Ponce-Delgado et al., 2024). Students
discover new ideas through collaborative discussions
and stimulate their critical and creative thinking skills.

Following the generation of ideas, the Exploration
stage emerged as a highly effective phase in enhancing
the Product Improvement indicator, achieving an N-
Gain of 0.7. During this stage, students meticulously
tested their initial concepts and refined their
experimental designs. The significance of experiment-
based learning in fostering a continuous cycle of
refinement that stimulates creativity is evident in the
observed improvement in students’ proficiency in
refining their practical designs (Adeoye & Jimoh, 2023;
Tigre et al., 2024).

Furthermore, during the laboratory stage, students
collect and analyze data obtained from laboratory
practice. Although improvements in the Creative
Imagination (N-Gain = 0.6) and Creative Experiment
Ability (N-Gain = 0.5) indicators were identified in the
moderate improvement category, student involvement
in collaborative data analysis is significant. They learn to
interpret experimental results and relate them to initial
hypotheses, providing valuable experience in
developing evidence-based creative thinking (Xu et al.,
2023). Despite the substantial advantages of this
approach, there are limitations, particularly in terms of
time and practical facilities, which frequently restrict
comprehensive exploration in designing novel
experiments. The challenges encountered by students in
the context of educational resources can diminish the
potential for exploration related to more productive
learning (Simelane-Mnisi, 2023). Laboratory experience
significantly influences student empowerment in
creative product development. However, time
constraints and resource limitations in the learning
environment can impede the full exploration
opportunities necessary for optimal creativity
development.

During the Post-Lab phase, students are expected
to compile comprehensive reports that encompass the
experimental outcomes, analysis, and conclusions. This
process has the potential to positively impact the
Product Design indicator, with an N-Gain of 04,
although this improvement is still categorized as
moderate. Collaborative report writing facilitates the
integration of experimental findings, but the
development of innovation design skills necessitates
additional experience and robust infrastructure support.

Collaboration in report writing enables students to
exchange perspectives and ideas, thereby enhancing
their capacity to formulate superior product designs.
Continuous practical experience is essential for students
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to fully master this design process. Student participation
in projects centered around engineering and problem-
solving can enhance their comprehension of pertinent
concepts and support their aspirations to become
innovators in their respective fields (Hsu & Rowland-
Goldsmith, 2021).

Implications of CPSL for Physics Laboratory Learning

These findings suggest that each stage of CPSL
contributes uniquely to the development of students’
creativity. The pre-lab and ideation stages are
particularly more significant in enhancing problem-
solving and unconventional applications. Conversely,
the exploration and practicum stages facilitate the
development of product enhancements and
experimental proficiency. These results support the
scientific creativity theory proposed by Hu et al. (2002),
which emphasizes the importance of idea fluency and
originality in the context of learning (Costu, 2024).

In addition, Asiksoy's research emphasizes that
integrating 4C skills — Critical Thinking,
Communication, Collaboration, and Creativity —into
physics practicums can improve students' higher-order
thinking skills(Asiksoy, 2023). This study demonstrates
that physics laboratory designs that are not only
oriented towards concept verification, but also provide
space for students to collaborate, discover problems,
generate original ideas, and refine experimental designs,
have a positive impact on learning (Kruse et al., 2022;
Saputra et al., 2023).

Conclusion

This study demonstrates that the Collaborative
Problem-Solving effectively enhances the creativity of
prospective physics teachers. The implementation of
CPSL resulted in a substantial increase in the indicators
of Unusual Uses, Problem Finding, and Product
Improvement (high category), while the indicators of
Creative Imagination, Creative Experiment Ability, and
Product Design were in the moderate category. These
findings confirm that integrating CPS into physics
practicums can transform laboratory activities from
routine verification into collaborative and innovative
learning experiences that foster creative thinking skills.

Acknowledgments
The authors gratefully acknowledge the students involved in
the research for their valuable participation.

Author Contributions

All authors contributed to the writing and revision of the
article. The tasks of individual authors. e.g., SM contributed to
data collection by conducting research; AS contributed to data
analysis and interpretation; all authors have approved the final
version.

287



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Funding

This research was funded by the Annual Work Plan and
Budget Fund for the Assignment of the Institute for Research
and Community Service at the Universitas Lambung
Mangkurat, grant number 2356/ UNS.2/PG/2025.

Conflicts of Interest
The authors declare no conflict of interest.in the publication of
this scientific article.

References

Adeoye, M. A., & Jimoh, H. A. (2023). Problem-Solving
Skills Among 21st-Century Learners Toward
Creativity and Innovation Ideas. Thinking Skills and
Creativity Journal, 6(1), 52-58.
https://doi.org/10.23887 / tscj.v6i1.62708

Alnuaimi, S. B. A., & Abdulhabib, A. A. (2023). The

influence of service innovationon police
performance: an empirical investigation.
International ~ Journal of Quality &  Reliability
Management, 40(8), 1999-2018.

https:/ /doi.org/10.1108 /IJQRM-09-2022-0269

Anoop, G., Kolangarakath, A., Madathil, K. C., Shakour,
K., Short, R., & Ransom, T. (2023). Transitioning
Lab Courses to Online Platforms by Higher
Education Institutions during COVID-19:
Strategies, Learning Outcomes, Perceptions, and
Challenges. Proceedings of the Human Factors and
Ergonomics Society Annual Meeting, 67(1), 2577-
2578. https:/ /doi.org/10.1177 /21695067231221720

Arifah, N., Kadir, F., & Nuroso, H. (2021). Hubungan
Antara Model Pembelajaran Problem Based
Learning Dengan Kemampuan Berpikir Kritis
Pada Pembelajaran Fisika Siswa. Karst: Jurnal
Pendidikan Fisika Dan Terapannya, 4(1), 14-20.
https:/ /doi.org/10.46918 /karst.v4i1.946

Asiksoy, G. (2023). Effects of Virtual Lab Experiences on
Students” Achievement and Perceptions of
Learning Physics. International Journal of Online and
Biomedical Engineering (IJOE), 19(11).
https:/ /doi.org/10.3991/ijoe.v19i11.39049

Astalini, Darmaji, Kurniawan, D. A., Septi, S. E.,, &
Perdana, R. (2023). Effect of Using Inquiry
Learning Model on Creative Character and Hard
Work Character in High School. Jurnal Penelitian
Pendidikan IPA, 9(8), 6321-6329.
https:/ /doi.org/10.29303 /jppipa.v9i8.3043

Beaty, R. E., Zeitlen, D. C., Baker, B. S., & Kenett, Y. N.
(2021). Forward flow and creative thought:
Assessing associative cognition and its role in
divergent thinking. Thinking Skills and Creativity,
41, 100859.
https:/ /doi.org/10.1016/j.tsc.2021.100859

Bretz, S. L. (2019). Evidence for the Importance of
Laboratory Courses. Journal of Chemical Education,

December 2025, Volume 11, Issue 12, 283-289

96(2), 193-195.
https:/ /doi.org/10.1021/acs.jchemed.8b00874

Costu, F. (2024). Enhancing Gifted Students’ Creative
Thinking Through Science Laboratory. European
Journal of Education, 59(4).
https://doi.org/10.1111/ ejed.12784

Draper, J. T., Ryba, R., & Connell, S. D. (2021). Sparking
Creativity in Science Education. The Journal of
Creative Behavior, 55(4), 893-898.
https:/ /doi.org/10.1002/jocb.495

Ecevit, T., & Kaptan, Dr. F. (2022). Argtimantasyona
Dayali Arastirma-Sorgulamaya Uygulamalariin
Fen Ogretmen Adayr Egitimindeki Etkililigi.
Kuramsal Egitimbilim, 15(4), 721-757.
https:/ /doi.org/10.30831/akukeg.1070893

Ermayanti, E., Anwar, Y., & Santri, D. J. (2021). Analysis
of students’ creative thinking on plant
microtechnical laboratory practices. JPBI (Jurnal
Pendidikan  Biologi  Indonesia), 7(2), 111-116.
https:/ /doi.org/10.22219/jpbi.v7i2.12321

Govindasamy, P., Cumming, T. M., & Abdullah, N.
(2024). Validity and reliability of a needs analysis
questionnaire for the development of a creativity
module. Journal of Research in Special Educational
Needs, 24(3), 637-652.
https://doi.org/10.1111/1471-3802.12659

Grushow, A., Hunnicutt, S. S., Muniz, M. N., Reisner, B.
A., Schaertel, S., & Whitnell, R. (2022). A

Community’s Vision of Instruction in the
Chemistry Laboratory. Journal of Chemical
Education, 99(12), 3811-3813.

https:/ /doi.org/10.1021/acs.jchemed.2c01092
Hidayah, R. (2023). Development Of An Instrument For
Assessment Of Creative Thinking Skills Based On

Collaborative ~ Problem  Based  Learning.
International Journal of Educational Research & Social
Sciences, 4(2), 257-263.

https:/ /doi.org/10.51601/ijersc.v4i2.635

Hsu, J. L., & Rowland-Goldsmith, M. (2021). Student
perceptions of an inquiry-based molecular biology
lecture and lab following a mid-semester transition
to online teaching. Biochemistry and Molecular
Biology Education, 49(1), 15-25.
https:/ /doi.org/10.1002/bmb.21478

Hu, W., & Adey, P. (2002). A scientific creativity test for
secondary school students. International Journal of
Science Education, 24(4), 389-403.
https:/ /doi.org/10.1080/09500690110098912

Ismail, N., Desa, S., & Balakrishnan, B. (2018). Science
Creative Teaching Design for Science Teachers.
International Journal of Academic Research in Business
and Social Sciences, 8(4).
https:/ /doi.org/10.6007/IJARBSS/ v8-i4 /4156

Kruse, J., Menke, L., & Solem, L. (2022). Comparing
students’ perceptions of the thinking required in

288



Jurnal Penelitian Pendidikan IPA (JPPIPA)

<scp>inquiry-based</scp> and traditional
laboratories. School Science and Mathematics, 122(2),
100-109. https:/ /doi.org/10.1111/ssm.12514

Kusdiastuti, M., Gunawan, G., Harjono, A., Nisyah, M.,
& Herayanti, L. (2020). Development of guided
inquiry learning tools combined with advance
organizer to increase students’ understanding of
physics concept. Journal of Physics: Conference Seties,
1521(2), 022014. https://doi.org/10.1088/1742-
6596/1521/2/022014

Michalsky, T., & Cohen, A. (2021). Prompting Socially
Shared Regulation of Learning and Creativity in
Solving STEM Problems. Frontiers in Psychology, 12.
https:/ /doi.org/10.3389/fpsyg.2021.722535

Muawiyah, S. N. (2024). Fostering Creative and Critical
Thinking Skills through Collaborative Learning: A
Theoretical ~Approach. International  Student
Conference on Business, Education, Economics,
Accounting, and Management (ISC-BEAM), 1(1),
612-620. https:/ /doi.org/10.21009/1SC-
BEAM.011.43

Muliyadi, L., Doyan, A., Susilawati, Hamidi, Hakim, S.,
& Munandar, H. (2023). Training on Using PhET
Virtual Media on Newton’s Law of Gravity for
Class X Students at Islamic Senior High School of
Syaikh Abdurrahman Kotaraja, East Lombok.
Unram Journal of Community Service, 1(1), 15-18.

Retrieved from
https:/ /journals.balaipublikasi.id /index.php/jcss
/article/view /68

Murwaningsih, T., & Fauziah, M. (2020). The

Effectiveness of Creative Problem Solving (CPS)
Learning Model on Divergent Thinking Skills.
International Journal of Science and Applied Science:
Conference Series, 4(1), 78.
https:/ /doi.org/10.20961/ijsascs.v4i1.49460

Nurhasnawati, N., Muzayanati, A., & Ichsan, 1. (2023).
Effect of the Mentimeter Application-Based PBL
Model on Student Learning Interests in Science
Learning Courses Integrated with Religious
Values. Jurnal Penelitian Pendidikan IPA, 9(6), 4331~
4337. https:/ /doi.org/10.29303 /jppipa.v9i6.3569

Permata Sari, I, Nanto, D., & Putri, A. A. (2022).
Pengaruh Hasil Belajar Pendidikan Fisika Siswa
menggunakan Teknik Meta-analisis dengan Model
PBL (Problem Based Learning). Jurnal MENTARI:
Manajemen, Pendidikan Dan Teknologi Informasi, 1(1),
20-28. https:/ /doi.org/10.34306/ mentari.v1il.124

Ponce-Delgado, A., Poceviciene, R., & Rubira-Garcia, R.
(2024). Developing Creative Potential in School
Children  through Museums as Cultural
Institutions: A Case Study in Madrid, Spain.
Education Sciences, 14(3), 261.
https:/ /doi.org/10.3390/ educsci1l4030261

December 2025, Volume 11, Issue 12, 283-289

Raman, R., Achuthan, K., Nair, V. K,, & Nedungadi, P.
(2022). Virtual Laboratories- A historical review
and bibliometric analysis of the past three decades.
Education and Information Technologies, 27(8), 11055~
11087. https:/ /doi.org/10.1007/s10639-022-11058-
9

Saputra, H., Firmansyah, J., & Ihsan, A. (2023). Inquiry
Project Laboratory: The Collaborative Problem
Solving and Critical Thinking on Laboratory.
Jurnal Penelitian Pendidikan IPA, 9(9), 704-711.
https://doi.org/10.29303/jppipa.v9i9.5038

Simelane-Mnisi, S. (2023). Effectiveness of LMS Digital
Tools Used by the Academics to Foster Students’
Engagement. Education Sciences, 13(10), 980.
https:/ /doi.org/10.3390/ educsci13100980

Soomro, S. A., Casakin, H., & Georgiev, G. V. (2022). A
Systematic Review on FabLab Environments and
Creativity: Implications for Design. Buildings,
12(6), 804.
https:/ /doi.org/10.3390/buildings12060804

Tigre, F. B., Lopes Henriques, P., & Curado, C. (2024).
Creativity for Problem Solving in the Digital Era:
Configurations of Leadership Profiles. Journal of
Leadership Studies, 18(1), 17-32.
https://doi.org/10.1002/jls.21874

Unwakoly, S.,, & Munawaroh, H. (2024). Portraying
Critical and Creative Thinking Skills of Chemistry
Teachers Candidate in Biochemistry Laboratory
Activity. KnE Social Sciences.
https:/ /doi.org/10.18502/kss.v9i8.15661

Wei, W. (2024). The Effect of Group Cooperation on
College Students’ Learning Motivation. Journal of
Education, Humanities and Social Sciences, 26, 845-
850. https:/ /doi.org/10.54097 / p7ezys61

Xu, E.,, Wang, W., & Wang, Q. (2023). The effectiveness
of collaborative problem solving in promoting
students’ critical thinking: A meta-analysis based
on empirical literature. Humanities and Social
Sciences Communications, 10(1), 16.
https:/ /doi.org/10.1057 /s41599-023-01508-1

Yildirim, F. S. (2021). Scientific Studies on Laboratory
Based Learning Approach. Kastamonu Egitim
Dergisi, 29(1), 228-238.
https:/ /doi.org/10.24106 / kefdergi.773602

Zoabi, M. (2022). The teachers” perception of the factors
that promote the cultivation of creative thinking.
Interdisciplinary Research in Counseling, Ethics and
Philosophy, 2(6), 64-98.
https:/ /doi.org/10.59209/ircep.v2i6.43

289



