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This literature review explores the role of STEM digital collaboration
in enhancing critical thinking skills among secondary school students.
As global demands for higher-order cognitive abilities intensify,
integrating digital tools within STEM education has emerged as a
promising approach to foster interactive, collaborative, and
contextually meaningful learning experiences. The review synthesizes
recent empirical studies and theoretical perspectives, highlighting
innovative pedagogical models such as STEM-Blended Learning,
Project-Based Learning, and STEM-based digital modules that
effectively cultivate critical thinking. Notably, this study advances the
understanding of how balanced technology integration, coupled with
collaborative STEM activities, optimizes cognitive skill development
while mitigating risks of overdependence on digital resources. The
novelty of this review lies in its comprehensive focus on digital
collaboration as a catalyst for critical thinking enhancement, bridging
theoretical frameworks and practical applications in diverse secondary
education contexts. Implications for educators and policymakers
emphasize the strategic adoption of integrated STEM-digital
pedagogies to prepare students for complex 21st-century challenges.
Future research directions include evaluating cross-cultural
effectiveness and addressing implementation barriers in technology-
supported STEM collaboration.
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1. INTRODUCTION

In the modern education era, critical thinking skills have become an essential
competency that students must possess to face the challenges of the 21st century (Mao et al.,
2022; Saleh, 2019). Critical thinking enables students to analyze information logically,
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evaluate arguments, and make decisions based on valid evidence (Siahaan, Muhammad,
Dasari, et al., 2023). However, studies indicate that developing this skill remains
challenging, particularly in developing countries, due to the dominance of traditional
teaching approaches that insufficiently encourage optimal intellectual exploration among
students (Hunaidah et al., 2018; Widana, 2018). Therefore, strengthening critical thinking
requires serious attention in curriculum design and teaching strategies.

Collaborative learning is an effective approach to enhancing students' critical thinking
skills. This approach emphasizes cooperation among students to achieve shared goals
through active interaction and discussion, thereby creating an inclusive and interactive
learning environment (Liao & Wu, 2022; Warsah et al., 2021). Exposure to diverse
perspectives encourages students to consider different viewpoints before reaching
consensus, which strengthens critical thinking abilities. Moreover, collaborative learning
provides opportunities for active engagement, boosts self-confidence, and honest
communication skills (Smith, 2020; Supena et al., 2021).

The combination of critical thinking and collaborative learning has proven effective in
improving student learning outcomes. Research by (Gaskins-Scott, 2020; Smith, 2020)
reveals that students learning in collaborative environments exhibit higher critical thinking
abilities and a deeper understanding of concepts compared to those learning individually.
Additionally, this method enhances communication and teamwork skills, which are key
competencies in addressing the dynamics of the modern world. Thus, integrating
collaborative learning into education becomes an important strategy for optimally
developing students' critical thinking skills.

In modern education contexts, integrating technology into collaborative learning plays
a vital role in supporting effective learning processes. Digital platforms such as online
discussion forums and collaboration software enable students to work together across
geographical boundaries, broaden perspectives, and gain insights from diverse cultural
backgrounds (Hamengkubuwono et al., 2022; Kim et al., 2022). This aligns with global
needs to improve digital literacy and higher-order thinking skills (Alsaleh, 2020).
Nevertheless, implementing collaborative learning that focuses on developing critical
thinking requires careful planning to ensure tasks promote deep analysis and equitable
participation. Studies show that collaborative learning enhances students' analytical and
communication abilities, although challenges remain, such as insufficient teacher training
and unbalanced group dynamics (Hsu, 2021; Kusumawati et al., 2019; Warsah et al., 2021).

STEM education (Science, Technology, Engineering, and Mathematics) 1is
increasingly recognized as an effective approach to preparing students for 21st-century
challenges by emphasizing the development of critical thinking skills (Fatqurhohman et al.,
2020; Syam et al., 2020). Critical thinking, which involves the ability to analyze and make
decisions based on rational considerations, is a fundamental skill in modern education
(Fatqurhohman, 2025). Interdisciplinary, problem-solving-oriented STEM learning is
believed to encourage analytical thinking and the development of practical skills through
inquiry-based and experiential approaches (Haryanto et al., 2024; Pratama et al., 2025).
However, despite its growing adoption, empirical evidence regarding STEM's effectiveness
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in enhancing critical thinking remains limited and requires further investigation (Ramdani et
al., 2022; Syam et al., 2020; Tang et al., 2020).

Traditional learning methods, which emphasize memorization and theory, are often
criticized for inadequately fostering critical thinking and problem-solving skills (Abdulah et
al., 2021; Frenanto et al., 2023; Tang et al., 2020). In contrast, STEM education encourages
active participation, experimentation, and knowledge application in practical contexts.
Nonetheless, empirical evidence on STEM's impact on critical thinking is still sparse and
inconclusive, partly due to variations in implementation levels and educational contexts
(Bertrand & Namukasa, 2023; Haryanto et al., 2024). Therefore, further research is
necessary to fully understand the cognitive development effects of this approach.

Numerous studies indicate that STEM-based education is increasingly being
implemented to improve learning quality in the modern era. However, literature reviews
reveal gaps concerning empirical evidence specifically assessing STEM's impact on
students' critical thinking abilities. Most research focuses more on student engagement,
interest in STEM fields, or general academic achievement, while in-depth analyzes of
STEM's contribution to developing critical thinking remain limited (Fuchs et al., 2018). This
highlights the need for more systematic reviews to understand how STEM components,
including inquiry-based approaches, collaborative problem-solving, and interdisciplinary
integration, can facilitate critical thinking skills.

This study aims to review and synthesize findings related to the influence of STEM-
based learning on high school students' critical thinking abilities, comparing it with
traditional teaching methods. The primary focus is to evaluate the extent to which STEM
approaches enhance students' analytical, reasoning, and complex problem-solving skills
(Hasanah et al., 2021; Permatasari et al., 2025; Ramadani et al., 2025). Additionally, this
study identifies the most effective STEM learning factors for developing critical thinking
skills based on recent literature. Utilizing a literature review methodology, the research also
examines trends, challenges, and recommendations for optimizing STEM education,
particularly through digital collaboration.

The main research question addressed is: How does STEM-based learning influence
high school students' critical thinking abilities compared to traditional methods? This review
is relevant to supporting educational transformation that adapts to 21st-century demands by
emphasizing critical thinking as a core competency. The findings are expected to strengthen
theoretical foundations and provide practical recommendations for educators and
policymakers in implementing effective and sustainable STEM learning.

2. METHOD

This study employs a qualitative approach using a narrative literature review method
to explore strategies for integrating STEM-based digital collaboration to enhance critical
thinking skills among secondary school students. The literature review approach was chosen
as it allows for an in-depth analysis of various academic studies and up-to-date references
relevant to the topic, while providing space for a comprehensive and thematic conceptual
synthesis (Snyder, 2019).
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2.1. Literature Search and Scope
The literature for this study was systematically retrieved from several leading
academic databases Google Scholar, covering publications from 2019 to 2024. The search
was conducted between January and March 2025 using the following Boolean keywords:
“STEM education” AND “‘digital collaboration” AND “critical thinking” AND
“secondary school”.
Additionally, keyword variations such as online collaboration, virtual teamwork, and
21st-century skills were employed to capture a broader and more contextual range of
perspectives.

2.2. Inclusion and Exclusion Parameters
To ensure the relevance and quality of the literature, this study established the
following inclusion and exclusion criteria:

Table 1. Criteria Inclusion and Exclusion

Criteria Description

= Peer-reviewed journal articles, books, and research reports published
between 2019 and 2024

Icnrizrsil;n Studies focusing on the secondary school level (ages 12—18)
Literature explicitly addressing the integration of STEM, digital
collaboration, and critical thinking skills.

Exclusion . Stud%es éxclusively related tf) prirnar}f ‘or higber .educati’on leYeI§

Criteria Publications that do not discuss critical thinking skills within the

context of STEM education.

2.3. Data Collection and Selection Process

The literature data collection was conducted through stages of identification, selection,
and synthesis. During the identification phase, articles matching the predetermined
keywords and publication period were gathered. The selection phase involved reading
abstracts and full texts to ensure compliance with the inclusion and exclusion criteria.
Literature that met these criteria was then classified according to main themes such as key
elements in STEM-based digital collaboration, design of discussion, and problem-based
tasks, and the role of technology in supporting student collaboration (Nurazmi & Bancong,
2021; Rahayu et al., 2023).

2.4. Data Analysis
Data analysis employed a thematic analysis method aimed at grouping and interpreting
information based on the major themes emerging from the literature. The analysis process
consists of:
1)  Exploratory reading to identify recurring and relevant themes.
2)  Thematic clustering into conceptual groups, including:
=  Models and frameworks of STEM-based digital collaboration.
= Digital tools and platforms for collaborative STEM learning.
=  The impact of digital collaboration on the development of critical thinking
skills.
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=  Challenges and future directions for development.
3)  Cross-source synthesis to critically compare theoretical arguments and empirical
findings (Braun & Clarke, 2019).
This approach facilitates an in-depth connection between educational theories, such as
social constructivism and inquiry-based learning, and their practical applications in
technology-mediated STEM education.

2.5. Novelty of Method

Unlike previous literature reviews that tend to address STEM pedagogy or technology
use separately, this study deliberately integrates pedagogical theories with the affordances
of digital technologies to position digital collaboration as a primary catalyst for developing
critical thinking skills. This context-rich narrative approach offers deep interpretative
insights and broader educational implications, moving beyond mere descriptive summaries
(Snyder, 2019; Cooper, 2015).

3. RESULTS AND DISCUSSION

3.1. Results

The following is a table containing 10 selected articles from various references related
to research on improving critical thinking skills through collaborative learning in the context
of education in Indonesia. These articles were selected based on relevance, quality of
sources, as well as academic contributions in the last five years (2019-2024).

Table 2. Literature Review

No Author Theme/Topic Result
1 Sumarni &  The influence of ethno-STEM Ethno-STEM  project-based  learning
Kadarwati  project-based learning on enhances high school students' critical and
(2020) critical and creative thinking creative thinking skills.
skills
2 Haryadi, Implementation of STEM- The implementation of STEM-Blended
Situmorang, Blended Learning to improve Learning is effective in improving
& Siahaan  higher-order thinking skills on students' higher-order thinking skills on
(2021) the concept of Kepler's Laws the concept of Kepler's Law during the
during the COVID-19 COVID-19 pandemic.
pandemic.
3 Siahaanetal. Integrasi Problem-Based Integration of Problem-Based Learning in
(2022) Learning dalam pendidikan STEM education to improve students'
STEM untuk meningkatkan environmental literacy
literasi lingkungan siswa
4 Smith etal  Principles of Problem-Based Four key principles of PBL in STEM
(2022) Learning in STEM education education: flexible knowledge, active

based on expert insights and
research

metacognitive  thinking, intrinsically
motivated collaboration, and problems

embedded in real contexts.
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5 Yulkiffli et al.
(2022)

Implementation of STEAM-
Integrated
Learning to improve students'

Project-Based

creative and  collaborative

thinking skills.

STEAM-Integrated Project-Based

Learning is effective in improving
students' creative and collaborative
thinking skills.

6  Yani(2023)

Development of STEM-based
e-modules to improve students'
critical

thinking  skills in

economics learning.

STEM-based e-modules are effective in
improving students' critical thinking skills
in economics learning.

7  Situmorang &
Haryadi
(2023)

Implementation and role of
STEM
Based Learning in
learning.

Integrated Problem-
science

STEM
Learning is

Problem-Based
effective in

Integrated
improving
students' understanding of science
concepts and critical thinking skills.

8  Pramasdyahs
ari et al.
(2023)

Development of STEM-PjBL
based digital books to improve
students' critical mathematical
thinking skills

STEM-PjBL based digital books are
effective in improving junior high school
students' critical thinking skills in
mathematics.

9 Hakim et al.
(2023)

Implementation of the CTL
approach in STEM learning to
improve critical thinking skills

The CTL approach in STEM learning can
improve students' critical thinking skills
through observation, hypothesis, and
investigation.

10 Fior et al.

Digital technology-based

The use of digital technology in STEM

(2024) STEM learning experiences in learning enhances students' collaboration,
schools creativity, critical thinking,
experimentation, prototyping,
communication, and problem-solving

skills.

The study by (Haryadi et al., 2021) demonstrates that the implementation of the
STEM-Blended Learning model effectively enhances students' higher-order thinking skills
on the concept of Kepler’s Laws during the COVID-19 pandemic. This model integrates
online and offline learning, enabling students to learn independently and collaboratively
while developing their critical and analytical thinking abilities. Consistent with these
findings, (Yulkifli et al., 2022) developed a STEM-based electronic module that challenges
students to analyze and solve economic problems, significantly improving their critical
thinking skills. Additionally, (Haryadi et al., 2021) investigated the STEM Integrated
Problem-Based Learning model, which combines problem-based learning with STEM
concepts, proving effective in improving students’ understanding of science and critical
thinking skills in a contextual and collaborative manner.

Other studies also support the effectiveness of STEM approaches in learning. For
instance, (Siahaan, Muhammad, Dasari, et al., 2023) integrated Problem-Based Learning to
enhance students’ environmental literacy through real-world problem solving, while (Kim
et al.,, 2022; Smith, 2020) emphasized collaboration, metacognitive thinking, and
contextually embedded problems as key principles for developing critical and creative skills.
The integration of digital technology, as highlighted by (Hanatan et al., 2023; Muhammad
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et al., 2022; Setyaningrum, 2020), along with the development of interactive learning media
such as STEM-based e-modules and digital books (Huang, 2022; R. N. Sari & Juandi, 2023;
Sariningsih et al., 2023), further strengthens students’ creativity and critical thinking
abilities. Thus, STEM approaches that combine blended learning, project-based learning,
and digital technology represent effective strategies to prepare students to face 21st-century
challenges with critical, creative, and collaborative thinking.

3.2. Discussion

The Effectiveness of STEM in Enhancing Higher-Order Thinking Skills

This theme highlights the primary goal of STEM education: developing students’
critical, analytical, and problem-solving skills. Numerous studies consistently demonstrate
that STEM approaches effectively enhance higher-order thinking skills (HOTS). For
instance, (Haryadi et al., 2021; Siahaan, Muhammad, & Dasari, 2023) found that the STEM-
Blended Learning model significantly improved students’ critical thinking in learning
Kepler’s Law during the COVID-19 pandemic. Likewise, (Alim et al., 2021) developed a
STEM-based electronic module that successfully fostered students’ critical and creative
thinking in economics. In addition, (Bertrand & Namukasa, 2023; Haryanto et al., 2024)
reported that a STEM Project-Based Learning (PjBL) digital book substantially increased
students’ mathematical critical thinking skills. These findings collectively underscore the
effectiveness of STEM-integrated learning in nurturing essential cognitive abilities needed
for the 21st century. This supports assertion that STEM education plays a vital role in
promoting creativity, critical thinking, and problem-solving, competencies indispensable for
students to thrive amid complex real-world challenges. Therefore, implementing STEM
approaches is crucial in preparing learners to succeed in dynamic and evolving
environments.

The Role of Technology in STEM Learning

Integrating technology into STEM education is essential for creating interactive and
engaging learning environments that foster critical thinking and creativity, skills highly
valued by employers(Liston et al., 2022; Wu et al., 2023). Digital tools enhance
collaboration and practical problem-solving, effectively bridging the gap between theoretical
knowledge and real-world application, emphasize that technology supports not only
communication and teamwork but also experimentation, prototyping, and critical thinking
skills among students. Similarly, (Hamdan & Saripudin, 2023; Ramdani et al., 2022; J. Sari,
2021; Tang et al., 2020) developed STEM-based e-modules that provide interactive learning
experiences, encouraging students to apply creative thinking in solving complex STEM
problems. These innovations promote deeper engagement and the development of crucial
21st-century competencies. However, technology integration must be balanced with
traditional instructional methods to avoid over-reliance, ensuring pedagogical effectiveness.
Therefore, a thoughtful and balanced use of digital tools maximizes their benefits while
maintaining the quality of STEM education. This approach prepares students to become
proficient problem-solvers and innovators ready for future STEM careers.
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STEM Learning in the 21st Century

In the rapidly evolving landscape of the 21st century, STEM education plays a vital
role in preparing students to address complex global challenges. The transformation in
STEM teaching and learning arises from the convergence of educational research, emerging
technologies, and innovative classroom practices. This evolution highlights the importance
of interdisciplinary approaches and the application of STEM knowledge to real-world
problems, equipping students with the skills and mindset required to become future
innovators and problem-solvers. Supporting this perspective, (Nurazmi & Bancong, 2021;
Smith, 2020) identified four key principles for implementing Problem-Based Learning
(PBL) in STEM: the cultivation of flexible knowledge, active metacognitive engagement,
collaboration driven by intrinsic motivation, and embedding problems within authentic real-
world contexts (Hasanah et al., 2021; Nasir et al., 2022). Furthermore, ethnocultural-based
STEM projects (Ethno-STEM) have demonstrated the potential to enhance students’ critical
and creative thinking skills while simultaneously fostering cultural appreciation and
environmental awareness (Noto et al., 2023)).

Contextual and collaborative learning strategies play a vital role in this preparation.
(Jia et al., 2023; Mayasari et al., 2022) identified four essential principles for implementing
Problem-Based Learning (PBL) within STEM education: flexible knowledge, active
metacognitive thinking, collaboration driven by intrinsic motivation, and embedding
problems in authentic contexts. These principles foster environments that nurture critical and
creative thinking. Complementing this, (Noto et al., 2023) demonstrated that ethnocultural-
based project-based learning (Ethno-STEM), which integrates local cultural elements,
significantly enhances students’ critical and creative thinking skills. This culturally
responsive approach not only deepens conceptual understanding but also promotes cultural
appreciation and environmental awareness, aligning STEM education with broader social
and ecological goals.

These themes collectively underscore the essential dimensions of STEM education: its
proven effectiveness in enhancing students' higher-order thinking skills, the pivotal role of
technology in enriching the learning experience, and its critical relevance in equipping
students to meet the demands of the 21st century. By exploring these interconnected areas,
the discussion will offer a holistic understanding of how STEM education not only fosters
cognitive development but also prepares learners to navigate and solve complex, real-world
problems effectively. Addressing these aspects provides valuable insights into the
transformative potential of STEM education in shaping future-ready individuals.

4. CONCLUSION

This study contributes novel evidence demonstrating that the integration of STEM
within learning significantly enhances students' higher-order thinking skills, particularly
critical thinking, creativity, and problem-solving. Innovative learning models such as
STEM-Blended Learning, Project-Based Learning, and STEM-based digital modules have
been shown to effectively develop these competencies. Furthermore, the strategic
incorporation of digital technology plays a pivotal role in fostering interactive, collaborative
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learning environments that bridge theoretical knowledge with practical application. Notably,
a balanced use of technology alongside traditional instructional methods is essential to
maximize educational benefits while preventing excessive dependency.

The findings underscore the importance of implementing integrated STEM approaches
supported by digital tools as a vital strategy to prepare students for the complex demands of
the 21st century and equip them with relevant skills for future STEM careers. This study’s
novelty lies in its comprehensive examination of how specific STEM models, complemented
by technology, synergistically promote essential cognitive skills in diverse learning contexts.

Implications of this research suggest that educators and educational institutions should
adopt integrated STEM frameworks that thoughtfully blend technology with pedagogy to
optimize student outcomes. Additionally, ongoing development of interactive digital
learning modules tailored to specific educational contexts and learner needs is
recommended. For future research, it is advised to investigate the effectiveness of integrated
STEM approaches across different educational levels and cultural settings. Moreover,
further studies should explore strategies to address potential technical and non-technical
challenges in integrating technology within STEM education to ensure sustainable and
effective implementation.

ACKNOWLEDGEMENTS

This research was fully self-funded by the author, without financial support from any
institution or external funding agency.

DECLARATIONS
Author : Author 1: onceptualization, methodology, data collection, data
Contribution analysis, writing, original draft; Author 2&5: Data analysis,
validation, review, and editing of the manuscript; Author 3&4:
Literature review, visualization, and preparation of final
manuscript.
Funding :  This research received no specific grant from any funding agency
Statement in the public, commercial, or not-for-profit sectors. The study was
fully self-funded by the authors.
Conflict of . The authors declare that there is no conflict of interest regarding the
Interest publication of this paper.
REFERENCES

Abdulah, A., Mustadi, A., & Fitriani, W. (2021). PBL-Based Interactive Multimedia in
Improving Critical Thinking Skills. JPI (Jurnal Pendidikan Indonesia), 10(1).
https://doi.org/10.23887/jpi-undiksha.v1011.25521

Alim, J. A., Hermita, N., Alim, M. L., Wijaya, T. T., & Pereira, J. (2021). Developing a
Math Textbook using realistic Mathematics Education Approach to increase
elementary students’ learning motivation. Jurnal Prima Edukasia, 9(2).
https://doi.org/10.21831/jpe.v9i2.39393



46 Fatqurhohman, F., et al. (2025). STEM Digital Collaboration to Enhance Critical Thinking ...

Alsaleh, N. J. (2020). Teaching Critical Thinking Skills: Literature Review. The Turkish
Online Journal of Educational Technology, 19(1).

Bertrand, M. G., & Namukasa, I. K. (2023). A pedagogical model for STEAM education.
Journal of Research in Innovative Teaching and Learning, 16(2).
https://doi.org/10.1108/JRIT-12-2021-0081

Fatqurhohman, F. (2025). Transformasi Kepemimpinan Pendidikan Era VUCA: Strategi
Menuju  Institusi  Unggul dan  Adaptif. CV. Thsan Cahaya Pustaka.
thsancahayapustaka.id

Fatqurhohman, F., Sa’dijah, C., Sudirman, & Sulandra, I. M. (2020). Pictorial of
representation in solving word problems. International Journal of Scientific and
Technology Research, 9(3), 1057-1060.

Frenanto, A., Fatqurhohman, F., & Rhomdani, R. W. (2023). Identification of HOTS
Problem Solving Ability of High School Students Using Two Tier Diagnostic. Journal
of Education and Learning Mathematics Research (JELMaR), 4(2), 120-126.
https://doi.org/10.37303/jelmar.v4i2.115

Fuchs, L. S., Gilbert, J. K., Fuchs, D., Seethaler, P. M., & Brittany, B. L. (2018). Text
Comprehension and Oral Language as Predictors of Word-Problem Solving: Insights

into Word-Problem Solving as a Form of Text Comprehension. Scientific Studies of
Reading, 22(2), 152—166. https://doi.org/10.1080/10888438.2017.1398259

Gaskins-Scott, T. (2020). Successful Global Collaborations in Higher Education Institutions.

Journal of Interdisciplinary Studies in Education, 9(1).
https://doi.org/10.32674/jise.v911.1709

Hamdan, A. H., & Saripudin, M. (2023). Designs for research, teaching, and learning: A
framework for future education. Innovations in Education and Teaching International,
60(5). https://doi.org/10.1080/14703297.2023.2241319

Hamengkubuwono, Asha, L., Warsah, 1., Morganna, R., & Adhrianti, L. (2022). The Effect
of Teacher Collaboration as the Embodiment of Teacher Leadership on Educational

Management Students’ Critical Thinking Skills. European Journal of Educational
Research, 11(3). https://doi.org/10.12973/eu-jer.11.3.1315

Hanatan, R. B., Yuniastuti, E., & Prayitno, B. A. (2023). Developing Interactive Digital
Modules on Discovery Learning to Improve Students Learning Interest. Jurnal
Teknodik. https://doi.org/10.32550/teknodik.vi.862

Haryadi, R., Situmorang, R., & Khaerudin, K. (2021). Enhancing Students’ High-Order
Thinking Skills through STEM-Blended Learning on Kepler’s Law During Covid-19
Outbreak. Jurnal Penelitian Dan Pembelajaran IPA, 7(2).
https://doi.org/10.30870/jppi.v7i2.12029

Haryanto, H., Samsudi, S., & Arbarini, M. (2024). Development of project-based learning
model based on ethno-steam to improve numeracy literacy skills. Inovasi Kurikulum,
21(1). https://doi.org/10.17509/jik.v21i1.63400



QINEA Volume 1, No 1, February 2025, pp.37-50 47

Hasanah, Z., Ritonga, S., Ikhsan, Z., & Suarni, S. (2021). The Implementation of Problem
Based Learning Integrated with STEM-Based Worksheets to Improve Learning
Motivation. Asian Journal of Science Education, 3(2).
https://doi.org/10.24815/ajse.v3i2.19745

Hsu, Y. C. (2021). An action research in critical thinking concept designed curriculum based
on collaborative learning for engineering ethics course. Sustainability (Switzerland),
13(5). https://doi.org/10.3390/su13052621

Huang, C.-W. (2022). Book Review: Multimodal Literacies Across Digital Learning
Contexts. Multimodality & Society, 2(4). https://doi.org/10.1177/26349795221126802

Hunaidah, H., Susantini, E., Wasis, W., Prahani, B. K., & Mahdiannur, M. A. (2018).
Improving Collaborative Critical Thinking Skills of Physics Education Students

through Implementation of CinQASE Learning Model. Journal of Physics: Conference
Series, 1108(1). https://doi.org/10.1088/1742-6596/1108/1/012101

Jia, L., Jalaludin, N. A., & Rasul, M. S. (2023). Design Thinking and Project-Based Learning
(DT-PBL): A Review of the Literature. International Journal of Learning, Teaching
and Educational Research, 22(8). https://doi.org/10.26803/ijlter.22.8.20

Kim, J., Lee, H., & Cho, Y. H. (2022). Learning design to support student-Al collaboration:
perspectives of leading teachers for Al in education. Education and Information
Technologies, 27(5). https://doi.org/10.1007/s10639-021-10831-6

Kusumawati, R., Hobri, & Hadi, A. F. (2019). Implementation of integrated inquiry
collaborative learning based on the lesson study for learning community to improve
students’ creative thinking skill. Journal of Physics: Conference Series, 1211(1).
https://doi.org/10.1088/1742-6596/1211/1/012097

Liao, C. H., & Wu, J. Y. (2022). Deploying multimodal learning analysis models to explore
the impact of digital distraction and peer learning on student performance. Computers
and Education, 190. https://doi.org/10.1016/j.compedu.2022.104599

Liston, M., Morrin, A. M., Furlong, T., & Griffin, L. (2022). Integrating Data Science and
the Internet of Things Into Science, Technology, Engineering, Arts, and Mathematics

Education Through the Use of New and Emerging Technologies. Frontiers in
Education, 7. https://doi.org/10.3389/feduc.2022.757866

Mao, W., Cui, Y., Chiu, M. M., & Lei, H. (2022). Effects of Game-Based Learning on
Students’ Critical Thinking: A Meta-Analysis. Journal of Educational Computing
Research, 59(8). https://doi.org/10.1177/07356331211007098

Mayasari, A., Arifudin, O., & Juliawati, E. (2022). Implementasi Model Problem Based
Learning ( PBL ). Jurnal Tahsinia, 3(2).

Muhammad, 1., Mukhibin, A., Naser, A. D. muhamad, & Dasari, D. (2022). Bibliometric
Analysis: Research Trend of Interactive Learning Media in Mathematics Learning in

Indonesia. Prisma Sains : Jurnal Pengkajian I[Imu Dan Pembelajaran Matematika Dan
IPA IKIP Mataram, 11(1). https://doi.org/10.33394/j-ps.v11i1.6595



48 Fatqurhohman, F., et al. (2025). STEM Digital Collaboration to Enhance Critical Thinking ...

Nasir, M., Cari, C., Sunarno, W., & Rahmawati, F. (2022). The effect of STEM-based guided
inquiry on light concept understanding and scientific explanation. Eurasia Journal of
Mathematics, Science and Technology Education, 18(11).
https://doi.org/10.29333/ejmste/12499

Noto, M. S., Amiruddin, M. H., Maemunah, S., Bakar, M. T., & Sumarni, P. (2023).
Students’ Mathematical Logical Thinking in Terms of Learning Style. Rangkiang
Mathematics Journal, 2(1). https://doi.org/10.24036/rmj.v2i1.24

Nurazmi, & Bancong, H. (2021). Integrated STEM-Problem Based learning Model: Its
Effect on Students’ Critical Thinking. Kasuari: Physics Education Journal, 4.

Permatasari, L. O. E., Fatqurhohman, F., & Imamah, N. (2025). Analisis Kemampuan
Representasi Mamatematis Siswa SMP dalam Pemecahan Masalah Bangun Ruang.
Jurnal Equation, 8(1), 118—128.

Pratama, A. D., Fatqurhohman, F., & Hasanah, F. D. A. (2025). Meningkatkan Komunikasi
Matematis Dengan PBL Berbantuan Matcha Math Card Pada Materi Fungsi Kuadrat
Siswa X SMA. SCIENCE: Jurnal Inovasi Pendidikan Matematika Dan IPA, 5(2), 546—
560. https://doi.org/10.51878/science.v5i2.5094

Rahayu, I. M. P., Nasution, N., & Mustaji, M. (2023). Development of Digital Student
Worksheets with the Discovery Learning Model to Improve Collaboration Skills and
Results for Elementary School Students: Literature Review. International Journal of
Emerging Research and Review, 1(4). https://doi.org/10.56707/ijoerar.v1i4.54

Ramadani, A. P., Suryaningrum, C. W., & Fatqurhohman, F. (2025). Analisis Kesalahan
Representasi Semiotik Siswa SMP dalam Menyelesaikan Masalah Segitiga. Delta-Pi :
Jurnal  Matematika  Dan  Pendidikan =~ Matematika,  14(1),  105-119.
https://doi.org/10.33387/dpi.v14i1.9962

Ramdani, D., Susilo, H., Suhadi, & Sueb. (2022). The Effectiveness of Collaborative
Learning on Critical Thinking, Creative Thinking, and Metacognitive Skill Ability:
Meta-Analysis on Biological Learning. In European Journal of Educational Research
(Vol. 11, Issue 3). https://doi.org/10.12973/eu-jer.11.3.1607

Saleh, S. E. (2019). Critical thinking as a 21 st century skill: Conceptions, implementation,
and challenges in the EFL classroom. European Journal of Foreign Language
Teaching, 4(1).

Sari, J. (2021). Ability to Understand Mathematic Concepts: The Effect of The Hermeneutic
Model Assisted by Gamification Teaching Materials. A/ Khawarizmi: Jurnal
Pendidikan Dan Pembelajaran Matematika, 5(2).
https://doi.org/10.22373/jppm.v5i2.11114

Sari, R. N., & Juandi, D. (2023). Improving Student’s Critical Thinking Skills in
Mathematics Education: A Systematic Literature Review. Jurnal Cendekia : Jurnal
Pendidikan Matematika, 7(1). https://doi.org/10.31004/cendekia.v7i1.2091

Sariningsih, R., Permana, 1., & Fujirahayu, A. R. (2023). Development of Multimodal
Mathematics and Indonesian Language Books for Elementary School Learning in



QINEA Volume 1, No 1, February 2025, pp.37-50 49

Bandung Barat. AL-ISHLAH: Jurnal Pendidikan, 15(3).
https://doi.org/10.35445/alishlah.v1513.2947

Setyaningrum, A. I. W. (2020). Increasing Student Activeness in Online Learning with the
Discovery Learning Model and Interactive Media. Social, Humanities, and Educational
Studies (SHEs): Conference Series, 3(3). https://doi.org/10.20961/shes.v3i3.46676

Siahaan, E. Y. S., Muhammad, 1., & Dasari, D. (2023). Trend of critical thinking skill
researches in mathematics education in Scopus database across Indonesia: From
research design to data analysis. International Journal of Trends in Mathematics
Education Research, 6(2). https://doi.org/10.33122/ijtmer.v612.216

Siahaan, E. Y. S., Muhammad, 1., Dasari, D., & Maharani, S. (2023). Research on critical
thinking of pre-service mathematics education teachers in Indonesia (2015-2023): A
bibliometric review. Jurnal Math Educator Nusantara: Wahana Publikasi Karya Tulis
Ilmiah Di Bidang Pendidikan Matematika, 9(1).
https://doi.org/10.29407/jmen.v9i1.19734

Smith, C. (2020). Transforming Schools: Creativity, Critical Reflection, Communication,
Collaboration. Literacy Learning: The Middle Years, 28(3).

Snyder, H. (2019). Literature review as a research methodology: An overview and
guidelines. Journal of Business Research, 104.
https://doi.org/10.1016/j.jbusres.2019.07.039

Supena, 1., Darmuki, A., & Hariyadi, A. (2021). The influence of 4C (constructive, critical,
creativity, collaborative) learning model on students’ learning outcomes. International
Journal of Instruction, 14(3). https://doi.org/10.29333/1ji.2021.14351a

Syam, H., Sutawidjaja, A., Sa’dijah, C., & Abadyo. (2020). Junior high students’ critical
thinking in geometry problem solving. Universal Journal of Educational Research,
8(11). https://doi.org/10.13189/ujer.2020.082221

Tang, T., Vezzani, V., & Eriksson, V. (2020). Developing critical thinking, collective
creativity skills and problem solving through playful design jams. Thinking Skills and
Creativity, 37. https://doi.org/10.1016/j.tsc.2020.100696

Warsah, 1., Morganna, R., Uyun, M., Hamengkubuwono, H., & Afandi, M. (2021). The
Impact of Collaborative Learning on Learners’ Critical Thinking Skills. International
Journal of Instruction, 14(2). https://doi.org/10.29333/1j1.2021.14225a

Widana, 1. W. (2018). Higher Order Thinking Skills Assessment towards Critical Thinking
on Mathematics Lesson. International Journal of Social Sciences and Humanities
(IJSSH). https://doi.org/10.29332/ijssh.v2n1.74

Wu, M. L., Zhou, Y., & Li, L. (2023). The effects of a gamified online course on pre-service
teachers’ confidence, intention, and motivation in integrating technology into teaching.
Education and Information Technologies, 28(10). https://doi.org/10.1007/s10639-023-
11727-3



50 Fatqurhohman, F., et al. (2025). STEM Digital Collaboration to Enhance Critical Thinking ...

Yulkifli, Y., Yohandri, Y., & Azis, H. (2022). Development of physics e-module based on
integrated project-based learning model with Ethno-STEM approach on smartphones
for senior high school students. Momentum: Physics Education Journal.
https://doi.org/10.21067/mpej.v6i1.6316



