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Abstract: This study aims to conduct a systematic literature review through a 
Systematic Literature Review regarding the application of the Challenge Based 
Learning (CBL) model in Natural Science (IPA) learning. CBL is a pedagogical 
approach that involves students in solving real-world challenges, encouraging active 
learning, collaboration, and the development of 21st-century skills. The method used 
in this study is a Systematic Literature Review (SLR) using the PRISMA technique with 
keywords namely Challenge Based Learning (CBL), 21st-Century Skills, and Science 
Learning. The inclusion criteria of this study are articles discussing the CBL learning 
model, elementary, junior high, and high school education levels, full-text access, 
original research (development, qualitative, quantitative, and CAR), published within 
the 2020-2025 range (the last 5 years), while the exclusion criteria are articles outside 
the inclusion criteria. By analyzing relevant literature, this study identifies the 
characteristics, effectiveness, and challenges in implementing CBL in science learning 
at various levels of education. The review results indicate that CBL has great potential 
to improve students' learning motivation, conceptual understanding, critical thinking 
skills, and problem-solving abilities in science. However, CBL implementation also 
faces several obstacles, such as the need for thorough teacher preparation, resource 
availability, and relevant challenge design. The implications of this research are 
expected to provide guidance for educators, researchers, and curriculum developers in 
effectively integrating CBL into science learning. 
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Introduction 
 

Science learning in the modern era demands an 
approach that focuses not only on knowledge transfer 
but also on developing critical thinking, creativity, 
collaboration, and problem-solving skills. Traditional 
teacher-centered learning paradigms often fail to 

facilitate the achievement of these goals (Martin-
Alguacil et al., 2024; Katawazai, 2021). Therefore, 
innovations in learning models that actively and 
contextually engage students are needed (Huang, 2025; 
Oke & Fernandes, 2020). One learning model gaining 
attention is Challenge-Based Learning (CBL). CBL is a 
pedagogical framework that challenges students to 
develop solutions to complex, real-world problems or 
challenges (Galdames-Calderón et al., 2024; Helker et al., 

2025). In CBL, students work collaboratively to identify 
problems, conduct research, develop ideas, and 
implement solutions (Le et al., 2018; Albay, 2019). This 
approach aligns with the principles of constructivism 
and inquiry-based learning, which emphasize students' 
active role in constructing their own knowledge. Science 
learning in Indonesia often focuses on memorization 
and underemphasizes conceptual understanding and 
critical thinking skills (Pahrudin et al., 2021). This results 
in students having difficulty applying science 
knowledge to their daily lives and lacking motivation to 
learn. 

To address these issues, innovative and effective 
learning approaches are needed, one of which is 
Challenge-Based Learning (CBL). CBL is a student-
centered learning model, in which students are 
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confronted with real-life challenges or problems 
relevant to their lives (Gutiérrez-Martínez et al., 2021; 
Castro & Zermeño, 2020). Through this problem-solving 
process, students are expected to develop critical 
thinking, creativity, collaboration, and communication 
skills. The application of CBL in science learning has the 
potential to improve students' conceptual 
understanding, science process skills, and learning 

motivation (Saifi et al., 2024; Dewi et al., 2022; Kundera 
et al., 2025). Although CBL has been widely applied in 
various fields of study, its application in science learning 
holds particular potential given the empirical and 
problem-solving-oriented nature of science (Gudonienė 
et al., 2021; Wardani et al., 2023; Michel & Neumann, 
2016). Previous studies have shown that CBL can 
improve student engagement, understanding of 
scientific concepts, and science process skills (Dori et al., 
2018; Chengere et al., 2025; Dah et al., 2024). 

However, there has been no comprehensive 
systematic review of how CBL is applied in specific 
science learning contexts, including its effectiveness, 
challenges, and implementation recommendations. 
Therefore, this study asks the following research 
questions: What are the characteristics of the application 
of the CBL model in science learning?; How effective is 
the application of the CBL model on student learning 
outcomes and skills in science learning?; What are the 
challenges and opportunities in implementing the CBL 
model in science learning? 
 

Method 
 

The research method used was a systematic 
literature review (SLR). The SLR method systematically 
identifies, selects, and critically evaluates relevant 
research, then comprehensively analyzes and interprets 
the research to answer the stated research questions 
(Collins et al., 2021). The stages of this SLR research 
employ the PRISMA technique, which stands for 
Preferred, Reporting, Items for System Reviews, and 
Meta-Analysis. These steps include: posing a research 
question; finding; critically evaluating studies; collecting 
data; analyzing and reporting data; interpreting 
findings; and refining and updating the review (Reed et 
al., 2021). However, in this study, the steps used extend 
up to the fifth stage. The research steps are carried out in 
stages, including: 
 
Posting Research Questions 

Creating research questions that will be the focus of 
the research discussion. The research questions are: 
What are the characteristics of implementing the CBL 
model in science learning?; What is the effectiveness of 
implementing the CBL model on student learning 
outcomes and skills in science learning?; What are the 

challenges and opportunities in implementing the CBL 
model in science learning? 
Finding 

The second stage involves searching for or 
discovering studies using the Crossref database. This 
database is obtained using the publish-of-perish 
application and searching for journal titles in the 
Crossref database. Next, a search criterion is used to find 
articles that meet the required criteria. This study used 
three keywords: Challenge-Based Learning (CBL), 21st 
Century Skills, and Science Learning to generate the 
database for the study. Using these criteria, 1,000 articles 
were found, spanning the period from 2020 to 2025 (the 
last five years). 
 
Critical Evaluation of the Study 

In the third stage, after obtaining 1,000 article titles, 
a critical evaluation of the articles was conducted to 
ensure they were on target. This evaluation was 
separated based on criteria to systematically determine 
boundaries. The criteria used were inclusion criteria for 
articles to be studied and exclusion criteria for articles 
not studied. These criteria can be seen in the following 
table. 
 
Table 1. Article inclusion and exclusion criteria 
Inclusion Criteria Exclusion Criteria 

Articles discussing the CBL 
learning model 

Articles that do not discuss 
the CBL learning model 

Elementary, Middle, and 
High School Education Levels 

University-level articles 

Full text accessible, Original 
research (development, 
qualitative, quantitative, PTK) 

Full text inaccessible, 
Literature study research, 

books 
Published in the period 2020-
2025 (last 5 years) 

Published before 2020 

 
Data Collection 

The fourth stage involved collecting data from 
articles screened and adjusting them to the inclusion and 
exclusion criteria. Based on these criteria, 11 articles 
were used: those that met the inclusion criteria and 989 
articles that did not meet the research criteria. 
 
Analyzing Data Reporting 

In the fifth stage, researchers analyzed the articles 
identified in accordance with the research questions 
from the initial stage. First, an analysis was conducted 
based on the article titles. Titles that did not discuss or 
relate to the CBL model and science learning were 
immediately excluded and not used. Out of 1,000 
articles, 273 met the inclusion criteria. Next, an analysis 
was conducted by reading the abstracts, checking the 
level, full-text access permission, and research type, 
resulting in 35 articles. Finally, an analysis was 
conducted based on reading the entire article, resulting 
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in 11 articles that met the research title. The results of this 
multi-stage process resulted in 11 articles that will be 
analyzed and reported. The systematized Systematic 

Literature Review (SLR) stage scheme uses the PRISMA 
table, as shown in Figure 1, which illustrates the stages 
in data extraction. 

 

 
 

Figure 1. PRISMA flowchart analysis 

 

Results and Discussion 
 

A systematic literature review is conducted by 
identifying, selecting, and critically evaluating relevant 
research, then thoroughly analyzing and interpreting it 

to answer the research question. The literature used has 
been identified, selected, and assessed, and deemed 
relevant. The following are the results of the analysis of 
11 articles that met the inclusion criteria and were 
relevant to this study. 

 
Table 2. Article review results 
Author and Year Article title Research Results 

Aimena Salma 
Khumaira, Hadi Nasbey, 
Dwi Susanti (2024) 

LKPD Berbasis Model Pembelajaran 
Challenge-Based Learning Terintegrasi STEM 

pada Materi Pemanasan Global 

Challenge-Based Learning (LKPD) can be 
implemented in physics learning activities as 

supporting teaching materials. It is expected to help 
students understand global warming and increase 

student awareness of preventing and reducing carbon 
emissions that cause global warming. 

Fairazatunnisa, Gelar 
Dwirahayu, Eva 
Musyrifah (2021) 

Challenge Based Learning dalam 
Meningkatkan Kemampuan Berpikir Kreatif 

Siswa pada  
Materi Persamaan Linear Satu Variabel 

The results showed that students' mathematical 
creative thinking skills in the Challenge-Based 

Learning model were higher than those in 
conventional learning. Specifically, the indicator of 

mathematical creative thinking ability that achieved 
the highest score was elaboration. 

Sitti Rahma, Muhajir, 
Suardi (2024) 

The Impact of Media Card Match Circle and 
the Challenge Based Learning (CBL) Learning 
Model on the Learning Outcomes of Pancasila 

Education in Elementary School Students 

The analysis showed that the implementation of the 
CBL model with Card Match Circle media 

significantly improved student learning outcomes 
compared to conventional teaching methods, with the 

average post-test score for the experimental group 
(80.37) higher than the control group (72.41). 
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Author and Year Article title Research Results 

Nur Hafidh Ash-Showy, 
Adi Satrio Ardiansyah, 
Muhammad Ainun 
Niam, Sumarti, Nurul 
Qomari (2022) 

Pengembangan Bahan Ajar Perbandingan 
Terintegrasi Challenge Based Learning 

dengan Pendekatan STEM terhadap 
Kemampuan Berpikir Kritis Siswa 

The development of integrated Challenge-Based 
Learning teaching materials with a STEM approach is 

feasible for developing students' critical thinking skills 
and can be implemented in learning activities for 

seventh-grade junior high school students. 
Nanda Anugrah (2024) Pengaruh Model Pembelajaran Challenge-

Based Learning (CBL) Berbantuan E-Learning 
Quizizz Terhadap Kemampuan Berpikir 

Kritis Matematis Siswa 

The results of the study revealed that the 
mathematical critical thinking skills of students taught 

using the Challenge-Based Learning model assisted 
by the Quizizz e-Learning program were higher than 

those taught using the conventional learning model (α 
= 135.5 and a p-value of 0.000 < 0.05). 

Syifa Nailufar Rohman 
(2021) 

Pengaruh Model Challenge Based Learning 
Terhadap Kemampuan Berpikir Kritis Siswa 

pada Konsep Pemanasan Global 

The results showed that the Challenge-Based Learning 
model had an impact on students' critical thinking 

skills. Students' critical thinking skills in the 
experimental class increased more (N-gain of 0.616, in 
the moderate category) than those in the control class 

(N-gain of 0.487, in the moderate category). 
Puput Stefani, Vidya 
Setyaningrum (2024) 

Pengaruh Penerapan Model Challenge Based 
Learning terhadap Keterampilan Komunikasi 
Peserta Didik pada Materi Bunyi dan Sifatnya 

Kelas V Sekolah Dasar 

The results showed that the Challenge-Based Learning 
model had a significant impact on students' 

communication skills regarding sound and its 
properties. This was influenced by their 

understanding, the ability to collaborate between 
teacher and students, and the use of learning media. 

Nanda Hamidah 
Kusumaningtya, 
Rusnilawati (2025) 

Model Challenge Based Learning berbasis 
Kahoot: Strategi Meningkatkan Kemampuan 

Berpikir Kritis Siswa pada Mata Pelajaran IPA 
Kelas IV Sekolah Dasar 

The results showed that the critical thinking skills of 
the two classes differed significantly in a positive way. 

The Challenge-Based Learning approach, combined 
with the Kahoot medium, enhances elementary 

education by fostering teamwork, learning dynamics, 
and students' capacity for critical thinking. 

Desy Dwi Riyanti, Ana 
Fitrotun Nisa (2024) 

Implementasi Model Pembelajaran Berbasis 
Masalah dalam Pembelajaran IPA Kelas IV 

SDN Pelret Kidul 

The results of this study indicate that the 
implementation of the problem-based learning model 

in fourth-grade science at Pleret Kidul Public 
Elementary School is a learning model applied by 

teachers, creating enjoyable learning. 
Riskawati, Meri 
Hariratul Jannah, 
Nurasmita, Sherly (2021) 

Pengaruh Challenge Based Learning (CBL) 
Terhadap Kemampuan Literasi Informasi dan 

Literasi Sains pada Siswa Kelas XI SMAN 9 
Jeneponto 

The results indicate that the improvement in science 
literacy skills with CBL is still classified as moderate, 

with a score of 55.87, and the improvement in 
information literacy skills with CBL is still classified as 

moderate, with a score of 66.61. 
Ahmed Sardi, Palimari, 
Sitti Rahmayani (2022) 

Peningkatkan Kemampuan Berfikir Kritis 
Siswa melalui Challenge Based Learning 

The results of this study indicate that : the use of the 
CBL learning model can improve students' critical 

thinking skills;  there was an increase in the 
percentage of student activity from 61.18% in Cycle I 

to 84.21% in Cycle II; there was an increase in 
students' cognitive learning outcomes from Cycle I to 
Cycle II when learning using the CBL learning model. 

 
Based on the discussion of all the articles analyzed, 

results were obtained regarding the characteristics, 
effectiveness, and challenges likely to be faced in 
implementing the CBL model in science learning. The 
Challenge-Based Learning model is a learning approach 
that involves students in identifying real-world 
challenges, then designing and implementing concrete 
solutions to overcome them. This learning model, which 

combines problem-based learning, project-based 
learning, and contextual learning, focuses on solving 
problems in everyday life, thereby creating space for 

students to think creatively, critically, and actively in 
finding solutions to existing challenges. Students who 
engage in the learning process assisted by Challenge-
Based Learning are guided to think rationally, critically, 
and creatively, as well as to develop a strong curiosity 
about science, communication and collaboration skills, 
honesty, consistency, and resilience in facing real-life 
problems (Daff et al., 2024; Ibn-Mohammed et al., 2024; 

Lee & Hancock, 2023). 
The application of the CBL model in science 

learning has several characteristics, such as: 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 5, 159-167 
 

163 

emphasizing active student involvement in the learning 
process (Helker et al., 2025; Taconis & Bekker, 2023). 
Students are not merely passive recipients of 
information but also solution-finders and decision-
makers; Learning begins by presenting real, relevant 
problems or challenges to students' lives (Darling-
Hammond et al., 2020; Wijnia et al., 2024). These 
problems are typically complex and lack a single, easy 

solution; Students work in groups to solve the problem 
or challenge. This collaboration fosters the development 
of communication, cooperation, and leadership skills; 
Students often engage in projects to solve the problem or 
challenge. These projects can take the form of 
presentations, product creation, or other activities that 
demonstrate students' understanding of the concepts 
being learned; The problems or challenges presented are 

relevant to students' real-life contexts, thus increasing 
their motivation and understanding; The CBL 
framework is flexible and can be adapted to students' 
needs and the learning context. 

Reiterating that the CBL model combines problem-
based learning, project-based learning, and contextual 
learning, focused on solving everyday problems, some 
characteristics and syntax are similar. However, what 

distinguishes the CBL model from other models is its 
focus on solving complex, open-ended challenges and a 
more flexible structure. If implemented properly, the 
CBL model has the potential to significantly improve 
student learning outcomes and skills in science learning. 
The following graph shows the application of CBL in 
several dependent variables studied based on the 
articles analyzed (Maia et al., 2023; McLean, 2016). 

 

 
Figure 2. Research variables for the CBL model 

 
Analysis of several articles using the CBL model 

indicates that CBL encourages students to deeply 
understand science concepts through solving complex, 
real-life challenges (Beemt et al., 2023). Over the past five 
years, there has been one article examining CBL's role in 
improving creative thinking, five articles on improving 
creative thinking, one article on improving 
communication skills, one article on improving 
information literacy and science literacy, and three 
articles on improving student learning outcomes 
(Jannah et al., 2025). The research findings indicate that 
the implementation of CBL is highly effective in the 
learning process. This is evident in students' active 
involvement in the problem-solving process. Students 
not only memorize facts but also build more meaningful 

and lasting understanding (Byusa et al., 2022; Rehman et 
al., 2024). CBL requires students to analyze information, 
evaluate evidence, and make decisions based on logical 
reasoning. This process fosters critical thinking skills, 
which are crucial, especially in science. Therefore, CBL 
directly trains students' problem-solving skills by facing 
complex and unstructured challenges, requiring 
students to develop effective and creative problem-
solving strategies (Rehman et al., 2024; Hanani, 2020). 

The problem-solving process is also collaborative, 
requiring students to interact and communicate with 
their peers. This improves communication and 
collaboration skills, making the learning environment 
more engaging and motivating for students (Baucal et 
al., 2023; Aslan et al., 2025). The Challenge-Based 
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Learning model trains students to formulate, research, 
and analyze problems (Isbadrianingtyas et al., 2024; 
Paraniti et al., 2024). Applying academic knowledge to 
real-world problems enhances students' problem-
solving abilities (Zhang et al., 2025). This learning 
process, which focuses on informed decision-making, 
hones critical thinking skills. CBL includes the following 
stages (Listiana et al., 2023): main idea, key questions, 

challenges, guiding questions, activities, learning 
resources, solutions, assessments, and publications. 
Students are actively engaged in discovering, 
investigating, and solving challenges that are relevant to 
real life and designed to motivate them to learn. These 
challenges encourage students' independence, 
creativity, and innovation throughout the inquiry 
process, from identifying problems to formulating 
solutions (Xu et al., 2024). 

The Challenge-Based Learning model is a new 
learning model that combines problem-based learning, 
project-based learning, and contextual learning, focused 
on solving problems in everyday life (Fairazatunnisa et 
al., 2021). Despite its effectiveness, CBL implementation 
is not without challenges, such as requiring teachers' 
creativity to design authentic challenges that are 
appropriate to students' developmental levels. Some 
challenges may require access to specific tools, materials, 
or technology, and CBL often takes longer than 
traditional learning models (Roca, 2022; Rådberg et al., 
2020). Teachers act as facilitators and mentors, not 
simply providers of information, which requires 
pedagogical adaptations (Onrubia et al., 2022; Hennessy 
et al., 2022). Furthermore, assessing the process and 
product in CBL can be more complex than other 
conventional assessments (Vasquez-Lopez et al., 2024; 
Desveaud et al., 2024). 
 

Conclusion 
 

The Challenge-Based Learning model is a learning 
approach that involves students in identifying real-
world challenges, then designing and implementing 
concrete solutions to overcome them. The 
implementation of CBL is very effective in the learning 
process, as seen in students who are actively involved in 
the problem-solving process, students not only 
memorize facts, but also build a more meaningful and 
lasting understanding. CBL requires students to analyze 
information, evaluate evidence, and make decisions 
based on logical reasons. This process trains critical 
thinking skills that are very important, especially in 
science. The challenges in implementing CBL going 
forward are that it requires teacher creativity to design 

authentic challenges that are appropriate to the 
developmental level of students, requires access to 
certain tools, materials, or technology, and CBL often 

takes longer than traditional learning models. Teachers 
are also required to act as facilitators and mentors, and 
assessment of the process and product in CBL can be 
more complex than other conventional assessments. 
 
Acknowledgments  
Thanks to all parties who have supported the implementation 
of this research. I hope this research can be useful. 
 
Author Contributions 
Conceptualization; methodology.; validation; formal analysis; 
investigation; resources; N.K.J.; data curation: writing—
original draft preparation; writing—review and editing.; 
visualization, I.W.R. and I.N.T. All authors have read and 
agreed to the published version of the manuscript. 
 
Funding 
Researchers independently funded this research. 
 
Conflicts of Interest 
The authors declare no conflict of interest. 

 

References 
 
Albay, E. M. (2019). Analyzing the Effects of the Problem 

Solving Approach to the Performance and Attitude 
of First Year University Students. Social Sciences & 
Humanities Open, 1(1), 100006. 
https://doi.org/10.1016/j.ssaho.2019.100006 

Aslan, S., Alyuz, N., Li, B., Durham, L. M., Shi, M., 
Sharma, S., & Nachman, L. (2025). An Early 
Investigation of Collaborative Problem Solving in 
Conversational AI-Mediated Learning 
Environments. Computers and Education: Artificial 
Intelligence, 8, 100393. 
https://doi.org/10.1016/j.caeai.2025.100393 

Baucal, A., Jošić, S., Stepanović Ilić, I., Videnović, M., 
Ivanović, J., & Krstić, K. (2023). What Makes Peer 
Collaborative Problem Solving Productive or 
Unproductive: A Qualitative Systematic Review. 
Educational Research Review, 41, 100567. 
https://doi.org/10.1016/j.edurev.2023.100567 

Beemt, A. V. D., Watering, G. V. D., & Bots, M. (2023). 
Conceptualising Variety in Challenge-Based 
Learning in Higher Education: The CBL-Compass. 

European Journal of Engineering Education, 48(1), 24–
41. 
https://doi.org/10.1080/03043797.2022.2078181 

Byusa, E., Kampire, E., & Mwesigye, A. R. (2022). Game-
Based Learning Approach on Students’ Motivation 
and Understanding of Chemistry Concepts: A 
Systematic Review of Literature. Heliyon, 8(5), 
e09541. 
https://doi.org/10.1016/j.heliyon.2022.e09541 

Castro, M. P., & Zermeño, M. G. G. (2020). Challenge 
Based Learning: Innovative Pedagogy for 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 5, 159-167 
 

165 

Sustainability Through e-Learning in Higher 
Education. Sustainability, 12(10), 4063. 
https://doi.org/10.3390/su12104063 

Chengere, A. M., Bono, B. D., Zinabu, S. A., & Jilo, K. W. 
(2025). Enhancing Secondary School Students’ 
Science Process Skills Through Guided Inquiry-
Based Laboratory Activities in Biology. PLOS ONE, 
20(4), e0320692. 

https://doi.org/10.1371/journal.pone.0320692 
Collins, C., Dennehy, D., Conboy, K., & Mikalef, P. 

(2021). Artificial Intelligence in Information Systems 
Research: A Systematic Literature Review and 
Research Agenda. International Journal of Information 
Management, 60, 102383. 
https://doi.org/10.1016/j.ijinfomgt.2021.102383 

Daff, L., Tame, C., & Sands, J. (2024). A Course Design 
Approach that Encourages Reflective Practice 
Habits. The International Journal of Management 
Education, 22(2), 100990. 
https://doi.org/10.1016/j.ijme.2024.100990 

Dah, N. M., Noor, M. S. A. M., Kamarudin, M. Z., & 
Azziz, S. S. S. A. (2024). The Impacts of Open 
Inquiry on Students’ Learning in Science: A 
Systematic Literature Review. Educational Research 
Review, 43, 100601. 
https://doi.org/10.1016/j.edurev.2024.100601 

Darling-Hammond, L., Flook, L., Cook-Harvey, C., 
Barron, B., & Osher, D. (2020). Implications for 
Educational Practice of the Science of Learning and 
Development. Applied Developmental Science, 24(2), 
97–140. 
https://doi.org/10.1080/10888691.2018.1537791 

Desveaud, K., Mandler, T., & Eisend, M. (2024). A Meta-
Model of Customer Brand Loyalty and Its 
Antecedents. Journal of Business Research, 176, 
114589. 
https://doi.org/10.1016/j.jbusres.2024.114589 

Dewi, C. A., Habiddin, H., Dasna, I. W., & Rahayu, S. 
(2022). Case-Based Learning (CBL) in Chemistry 
Learning: A Systematic Review. Jurnal Penelitian 
Pendidikan IPA, 8(4), 2219–2230. 
https://doi.org/10.29303/jppipa.v8i4.1971 

Dori, Y. J., Avargil, S., Kohen, Z., & Saar, L. (2018). 
Context-Based Learning and Metacognitive 
Prompts for Enhancing Scientific Text 
Comprehension. International Journal of Science 
Education, 40(10), 1198–1220. 
https://doi.org/10.1080/09500693.2018.1470351 

Fairazatunnisa, F., Dwirahayu, G., & Musyrifah, E. 
(2021). Challenge Based Learning dalam 
Meningkatkan Kemampuan Berpikir Kreatif Siswa 
pada Materi Persamaan Linear Satu Variabel. 
EDUKATIF: Jurnal Ilmu Pendidikan, 3(5), 1942–1956. 
https://doi.org/10.31004/edukatif.v3i5.702 

Galdames-Calderón, M., Pedersen, A. S., & Rodriguez-
Gomez, D. (2024). Systematic Review: Revisiting 
Challenge-Based Learning Teaching Practices in 
Higher Education. Education Sciences, 14(9), 1008. 
https://doi.org/10.3390/educsci14091008 

Gudonienė, D., Paulauskaitė-Tarasevičienė, A., 
Daunorienė, A., & Sukackė, V. (2021). A Case Study 
on Emerging Learning Pathways in SDG-Focused 

Engineering Studies Through Applying CBL. 
Sustainability, 13(15), 8495. 
https://doi.org/10.3390/su13158495 

Gutiérrez-Martínez, Y., Bustamante-Bello, R., Navarro-
Tuch, S. A., López-Aguilar, A. A., Molina, A., & 
Álvarez-Icaza Longoria, I. (2021). A Challenge-
Based Learning Experience in Industrial 
Engineering in the Framework of Education 4.0. 
Sustainability, 13(17), 9867. 
https://doi.org/10.3390/su13179867 

Hanani, N. (2020). Meaningful Learning Reconstruction 
for Millennial: Facing Competition in the 
Information Technology Era. IOP Conference Series: 
Earth and Environmental Science, 469(1), 012107. 
https://doi.org/10.1088/1755-1315/469/1/012107 

Helker, K., Bruns, M., Reymen, I. M., & Vermunt, J. D. 
(2025). A Framework for Capturing Student 
Learning in Challenge-Based Learning. Active 
Learning in Higher Education, 26(1), 213–229. 
https://doi.org/10.1177/14697874241230459 

Hennessy, S., D’Angelo, S., McIntyre, N., Koomar, S., 
Kreimeia, A., Cao, L., Brugha, M., & Zubairi, A. 
(2022). Technology Use for Teacher Professional 
Development in Low- and Middle-Income 
Countries: A Systematic Review. Computers and 
Education Open, 3, 100080. 
https://doi.org/10.1016/j.caeo.2022.100080 

Huang, D.-H. (2025). Innovative Interactive Instruction 
to Enhance Learning Behaviors. Journal of Innovation 
& Knowledge, 10(1), 100641. 
https://doi.org/10.1016/j.jik.2024.100641 

Ibn-Mohammed, T., Herath, S., Swallow, N., Gower, C., 
Montes, A. P., Brooks, D., Garcia, A. P., & Morrison-
Saunders, A. (2024). Overcoming the Challenges 
Faced by Leaders of Purpose-Led Medium-Sized 
Businesses: The Role of Corporate Communication 
and Its Interplay with Corporate Reputation and 
Organisational Identity. Corporate Reputation 
Review. https://doi.org/10.1057/s41299-024-00181-
7 

Isbadrianingtyas, N., Sa’dijah, C., Dasna, I. W., & Sutadji, 
E. (2024). Development of Challenges-Based 
Learning Thematic Model to Improve Critical 
Thinking Skills for Primary School Students. 
Research and Development in Education (RaDEn), 4(1), 
533–542. 
https://doi.org/10.22219/raden.v4i1.32910 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 5, 159-167 
 

166 

Jannah, A. M., Yennita, Y., & Azizahwati, A. (2025). 
Efforts to Improve Creative Thinking Skills and 
Communication Skills Through the Application of 
Project Based Learning Models. Jurnal Penelitian 
Pendidikan IPA, 11(3), 380–384. 
https://doi.org/10.29303/jppipa.v11i3.10316 

Katawazai, R. (2021). Implementing Outcome-Based 
Education and Student-Centered Learning in 

Afghan Public Universities: The Current Practices 
and Challenges. Heliyon, 7(5), e07076. 
https://doi.org/10.1016/j.heliyon.2021.e07076 

Kundera, I. N., Minarni, & Tangge, L. M. (2025). 
Implementation of Case-Based Learning Model on 
Students’ Science Process Skills and Information 
Technology Abilities on Ecosystem Materials. JST 

(Jurnal Sains dan Teknologi), 14(1), 149–157. 
https://doi.org/10.23887/jstundiksha.v14i1.90827 

Le, H., Janssen, J., & Wubbels, T. (2018). Collaborative 
Learning Practices: Teacher and Student Perceived 
Obstacles to Effective Student Collaboration. 
Cambridge Journal of Education, 48(1), 103–122. 
https://doi.org/10.1080/0305764x.2016.1259389 

Lee, A. Y., & Hancock, J. T. (2023). Developing Digital 
Resilience: An Educational Intervention Improves 
Elementary Students’ Response to Digital 
Challenges. Computers and Education Open, 5, 
100144. 
https://doi.org/10.1016/j.caeo.2023.100144 

Listiana, L., Loka, N. M., & Gayatri, Y. (2023). Does 
Student’s Critical Thinking and Collaboration Skills 
Can Empower Through Investigation and Thinking 
Learning Strategy? JPBI (Jurnal Pendidikan Biologi 
Indonesia), 9(3), 315–325. 
https://doi.org/10.22219/jpbi.v9i3.25118 

Maia, D., Andrade, R., Afonso, J., Costa, P., Valente, C., 
& Espregueira-Mendes, J. (2023). Academic 
Performance and Perceptions of Undergraduate 
Medical Students in Case-Based Learning 
Compared to Other Teaching Strategies: A 
Systematic Review with Meta-Analysis. Education 
Sciences, 13(3), 238. 
https://doi.org/10.3390/educsci13030238 

Martin-Alguacil, N., Avedillo, L., Mota-Blanco, R., & 
Gallego-Agundez, M. (2024). Student-Centered 
Learning: Some Issues and Recommendations for 
Its Implementation in a Traditional Curriculum 
Setting in Health Sciences. Education Sciences, 14(11), 
1179. https://doi.org/10.3390/educsci14111179 

McLean, S. F. (2016). Case-Based Learning and its 
Application in Medical and Health-Care Fields: A 
Review of Worldwide Literature. Journal of Medical 
Education and Curricular Development, 3. 
https://doi.org/10.4137/jmecd.s20377 

Michel, H., & Neumann, I. (2016). Nature of Science and 
Science Content Learning: The Relation between 

Students’ Nature of Science Understanding and 
Their Learning About the Concept of Energy. 
Science & Education, 25(9–10), 951–975. 
https://doi.org/10.1007/s11191-016-9860-4 

Oke, A., & Fernandes, F. A. P. (2020). Innovations in 
Teaching and Learning: Exploring the Perceptions 
of the Education Sector on the 4th Industrial 
Revolution (4IR). Journal of Open Innovation: 

Technology, Market, and Complexity, 6(2), 31. 
https://doi.org/10.3390/joitmc6020031 

Onrubia, J., Roca, B., & Minguela, M. (2022). Assisting 
Teacher Collaborative Discourse in Professional 
Development: An Analysis of a Facilitator’s 
Discourse Strategies. Teaching and Teacher Education, 
113, 103667. 
https://doi.org/10.1016/j.tate.2022.103667 

Pahrudin, A., Misbah, M., Alisia, G., Saregar, A., 
Asyhari, A., Anugrah, A., & Susilowati, N. E. (2021). 
The Effectiveness of Science, Technology, 
Engineering, and Mathematics-Inquiry Learning for 
15-16 Years Old Students Based on K-13 Indonesian 
Curriculum: The Impact on the Critical Thinking 
Skills. European Journal of Educational Research, 10(2), 
681–692. https://doi.org/10.12973/eu-jer.10.2.681 

Paraniti, A. A. I., Redhana, I. W., Suardana, I. N., & 
Suma, K. (2024). A Novel Learning Model, 
Integration of Challenge-Based and Differentiated 
Learning: A Preliminary Study. Jurnal Penelitian 
Pendidikan IPA, 10(3), 1299–1308. 
https://doi.org/10.29303/jppipa.v10i3.5245 

Rådberg, K. K., Lundqvist, U., Malmqvist, J., & 
Svensson, O. H. (2020). From CDIO to Challenge-
Based Learning Experiences – Expanding Student 
Learning as Well as Societal Impact? European 
Journal of Engineering Education, 45(1), 22–37. 
https://doi.org/10.1080/03043797.2018.1441265 

Reed, M. S., Ferré, M., Martin-Ortega, J., Blanche, R., 
Lawford-Rolfe, R., Dallimer, M., & Holden, J. (2021). 
Evaluating Impact from Research: A 
Methodological Framework. Research Policy, 50(4), 
104147. 
https://doi.org/10.1016/j.respol.2020.104147 

Rehman, N., Huang, X., Mahmood, A., AlGerafi, M. A. 
M., & Javed, S. (2024). Project-Based Learning as a 
Catalyst for 21st-Century Skills and Student 
Engagement in the Math Classroom. Heliyon, 10(23), 
e39988. 
https://doi.org/10.1016/j.heliyon.2024.e39988 

Roca, J. B. (2022). Teaching Technological Forecasting to 
Undergraduate Students: A Reflection on 
Challenges and Opportunities. Technological 
Forecasting and Social Change, 180, 121684. 
https://doi.org/10.1016/j.techfore.2022.121684 

Saifi, A.-G., Khlaif, Z. N., & Affouneh, S. (2024). The 
Effect of Using Community-Based Learning 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 5, 159-167 
 

167 

Program in Science Students’ Achievement 
According to Kolb’s Learning Styles. Social Sciences 
& Humanities Open, 10, 101125. 
https://doi.org/10.1016/j.ssaho.2024.101125 

Taconis, R., & Bekker, T. (2023). Challenge Based 
Learning as Authentic Learning Environment for 
STEM Identity Construction. Frontiers in Education, 
8. https://doi.org/10.3389/feduc.2023.1144702 

Vasquez-Lopez, V., Millan-Ramos, M., & Maldonado-
Carrillo, R. (2024). Strategies for Effective CBL 
Implementation: From Company Selection to 
Course Evaluation. Frontiers in Education, 9. 
https://doi.org/10.3389/feduc.2024.1413974 

Wardani, D. S., Widodo, A., & Puspita, R. D. (2023). The 
Effect of the Empirical Base Nature of Science 
Learning Model on the Understanding of Nature of 
Science in Empirical Aspect. JPI (Jurnal Pendidikan 
Indonesia), 12(2), 245–253. 
https://doi.org/10.23887/jpiundiksha.v12i2.56522 

Wijnia, L., Noordzij, G., Arends, L. R., Rikers, R. M. J. 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). 
https://doi.org/10.1007/s10648-024-09864-3 

Xu, S., Reiss, M. J., & Lodge, W. (2024). Enhancing 
Scientific Creativity Through an Inquiry-Based 
Teaching Approach in Secondary Science 
Classrooms. International Journal of Science Education, 
1–18. 
https://doi.org/10.1080/09500693.2024.2419987 

Zhang, C., Wang, P., Zeng, X., & Wang, X. (2025). A Case 
Study on Developing Students’ Problem-Solving 
Skills Through Interdisciplinary Thematic 
Learning. Frontiers in Psychology, 16. 
https://doi.org/10.3389/fpsyg.2025.1447089 

 


