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Abstract High Order Thinking Skills (HOTS), encompassing critical, creative, and analytical thinking, are fundamental to
preparing students for the challenges of the 21st century. In this context, project-based learning (PjBL) has been widely
recognized as a pedagogical approach with the potential to strengthen these skills by engaging learners in meaningful,
inquiry-driven, and collaborative tasks. This study systematically reviews existing literature to investigate the extent to
which PjBL contributes to enhancing students’ HOTS. Following the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines and employing the rigorous 10-step procedure outlined by Joklitschke et al. (2021), the
review ensures methodological validity and reliability. Searches were conducted in reputable databases including ERIC,
Scopus, and ProQuest, yielding 48 relevant articles for in-depth analysis. The findings demonstrate that the majority of
studies employed quantitative research methods, with a particular emphasis on science education. Within these studies,
HOTS were frequently assessed through indicators such as creative thinking, critical thinking, and problem-solving abilities.
The analysis highlights a consistently positive impact of PjBL on enhancing students’ HOTS, with STEM-based projects
identified as the most common and effective implementations across the reviewed literature. These results suggest that
PjBL not only fosters academic achievement but also supports the holistic development of learners by cultivating essential
cognitive and metacognitive skills. The implications of this study are twofold. First, it underscores the importance of
integrating PjBL into various subject areas beyond science to maximize its potential in nurturing HOTS. Second, it provides
educators and policymakers with evidence-based insights to design instructional practices that more effectively promote
students’ critical, creative, and analytical abilities. Overall, this systematic review affirms the significant role of PjBL in
advancing HOTS and emphasizes the need for broader and more diverse applications in educational practice.
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1. Introduction

HOTSs, or Higher Order Thinking Skills, are an essential tool, requirement, and objective in the educational process of the
21st century (Billah et al., 2019). The ability to think at a high level is essential for people living in the 21st century, as it enables
them to adapt and excel in the various disciplines in which they are involved in their day-to-day lives (Eliyasni et al., 2019).
HOTs encompasses not only the application, analysis, and evaluation of abilities but also the capacity for creation, namely, the
ability to generate a product as a practical manifestation of acquired knowledge (Baharin et al., 2018). Academics stress the
importance of explicitly teaching and cultivating higher-order thinking skills in pupils through careful planning and specific
teaching methods (Agostino, 2023). Teachers must determine the most effective means of cultivating this skill. Due to the fact
that educators are expected to foster the development of competencies beyond the rudimentary ones within their classrooms
(Lewis & Smith, 1993), it is thought that it cannot be presumed that kids will automatically become competent thinkers, it is
vital to actively educate them on how to think. As a result, educators are supposed to encourage students to engage in higher-
order thinking (Wijnen et al., 2021).

Recent research has revealed that the project-based learning (PjBL) approach is suitable for enhancing higher-order
thinking skills. Researchers are of the opinion that these models are appropriate for enhancing the cognitive capacities and
skills of students (Suherman et al., 2020). The objective of this learning approach is to encourage active involvement and
cooperation among students, resulting in the production of tangible outcomes that are applicable in real-life scenarios.
Students are afforded the chance to engage in genuine problem-solving and knowledge-building activities in true professional
settings (Guo et al., 2020). This method has the ability to provide significant learning (Kokotsaki et al., 2016). Additionally, it




can motivate students, allow them to participate in problem solving; apply ergonomic, hygienic, precise, fast, ecosystem, and
metacognitive principles to media and materials for art and technology creations; and produce life-ready works (Zulyusri et al.,
2023). Ngadinem and Sulisworo (2020) conducted an experimental study using a pretest-post-test design to investigate the
impact of implementing project-based learning in a STEM education setting on the improvement of students' higher-order
thinking skills. The findings indicate a beneficial influence of PjBL on the students' cognitive abilities at a relatively higher level
of thinking.

Studies examining the current literature on the relation of project-based learning (PBL) to high-order thinking skills
(HOTS) through a systematic literature review are as follows: in their systematic literature, Tafakur et al. (2023) focus on
reviewing the impact of project-based learning on students critical thinking skills. They conclude that project-based learning
encourages students critical thinking skills; however, it is not significantly better than other learning methods in shaping their
critical thinking. Loyens et al. (2023), in their systematic literature review research uncover the conceptualization of critical
thinking (CR) and HOTS in students center learning environments, namely, project-based learning, and reveal the impact of
project-based learning on students critical thinking and high-order thinking skills. The results indicate that critical thinking was
used as the disposition and process throughout the project-based learning implementation. In the research, HOTS has a similar
conception of critical thinking with a wider scope and more reflected in the Bloom taxonomy. In terms of the impact of project-
based learning on critical thinking and HOTS, the research concludes that project-based learning positively affects students
critical thinking and HOTS.

Nevertheless, a noticeable gap endures within the academic literature regarding thorough analyses that embrace a
broader spectrum of subjects and disciplines. Building upon this observation, scholars contend that existing reviews of project-
based learning in high-order thinking research concentrate solely on assessing the direct influence of project-based learning
on HOTS, overlooking the intricacies of how the incorporation of project-based learning is managed within HOTS development.
Consequently, the present literature review has emerged several pertinent research inquiries:

1. What contexts were used?

2. What research approach was used?

3. What are the types of HOTS targets areas?
4. Is PBL's impact on HOTS?

5. What type of project was implemented?

2. Methods

The present study constitutes a systematic literature review (SLR) aimed at addressing a specific research inquiry. SLR
are recognized for their thorough examination of existing knowledge identifying patterns, knowledge gaps, and areas
warranting further investigation (Ren et al., 2019). In this instance, a systematic literature review serves as a structured
approach to scrutinizing and exploring contemporary literature (Hidayat & Wardat, 2023). Consequently, this research
endeavors to investigate the utilization of project-based learning in the context of nurturing students' high-order thinking skills
(HOTS). Through this methodical examination, the study seeks to shed light on the potential outcomes associated with
integrating project-based learning into the development of HOTS among students.

A thorough literature review serves multiple purposes, including validating current practices, reconciling discrepancies,
identifying emerging trends, suggesting future research directions, investigating conflicting findings, and offering
recommendations to enhance decision-making (Munn et al., 2018). Employing the SLR method meticulously evaluates the
existing database, thus allowing for the targeted investigation of the gap addressed in the current research. This SLR focuses
on examining the impact of project-based learning on students' higher-order thinking skills, collecting relevant research
literature from reputable databases such as Scopus, ProQuest, and ERIC. These databases were selected for their distinct
advantages: Scopus provides extensive coverage of journals and is widely utilized for bibliographic analysis (Singh et al., 2021),
ProQuest offers a comprehensive collection of full-text journals across various disciplines, and ERIC is renowned as the most
extensively published educational research article database globally (Wright & Pullen, 2007). To gather pertinent journal
articles, keywords were generated using terms and phrases relevant to the research topic. These keywords were then
combined with Boolean operators offered by the databases, as outlined in Table 1.

Table 1 Participants information.

Keywords The string and combination of the keywords

Project based learning TITLE-ABS-KEY ((“PjBL" OR "Project-based-Learning") AND (“Higher-Order-Thinking-Skill” OR “High-Order
Higher order thinking Thinking-Skill” OR “"HOTS"))

skill

In this study, we adhere to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) criteria.
Abelha et al. (2020) point out that systematic literature review research often lacks rigor in methodology. In this context,
PRISMA serves as a methodological standard, providing a checklist of guidelines to ensure the empirical validity of the data.




Liberati et al. (2009) characterize PRISMA as a methodological approach that enhances transparency and accuracy while
reducing the risk of errors in systematic reviews. PRISMA encompasses four key stages: identification, screening, eligibility, and
inclusion. The PRISMA-based flow chart outlining these stages is depicted in Figure 1.

To ensure validity and reliability, the current research adopts the PRISMA SLR method. The systematic literature review
was conducted in a robust and well-known database journal, namely, Eric, Scopus, and ProQuest. Based on the 48 eligible
articles the finding indicated that most of the research utilized science material in quantitative procedures, covering several
typical HOTS, namely, creative thinking, critical thinking, and problem solving. Other than that, the 48 eligible articles proved
the significant impact of PjBl on students HOTS, with the most typical project implemented being the Science, Technology,
Engineering, and Mathematics (STEM)-based project.
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Figure 1 PRISMA flow chart of the study selection process.
2.1. Identification

The Scopus, ProQuest, and ERIC database were employed to conduct a search for pertinent articles. The keywords listed
in Table 1 were inputted into the databases to carry out a systematic literature review focusing on project-based learning using
the search term (“PjBL" OR "Project-Based-Learning") AND ("Higher-Order-Thinking-Skill"' OR "High-Order Thinking-Skill" OR
"HOTS"). During the initial search, only these specified terms were considered. Additionally, the search was restricted to full-
text publications, articles written in English, and those published between 2014 and 2024. To ensure relevance, the search
engines were configured to target the terms within the titles and abstracts of the articles. The search yielded 27 articles from
Scopus, 1,115 from ERIC, and 859 from ProQuest, totaling 2,001 articles.

2.2. Screening

The subsequent phase involves screening to identify and eliminate duplicate articles. Among the 2,001 articles gathered
during the identification stages, two duplicates were identified and removed following the PRISMA protocol procedure (Figure
1). The remaining articles will undergo assessment, and any articles that do not meet the precise criteria outlined in Table 2
regarding article title, publication year, document type, language, and accessibility will be excluded. Specifically, articles must




have titles relating to project-based learning and students' high-order thinking skills; those that deviate from this topic were
eliminated. The selected papers were published between 2014 and 2024 to ensure their timeliness and relevance. Regarding
document type, only original research published in scientific journals was considered. Additionally, the articles were required
to be in English, given its status as the global language of scholarly communication, allowing for the inclusion of articles from
diverse geographical regions. Moreover, only full-text, open-access papers were included to facilitate the analysis process.
Consequently, 1,921 items were removed during this screening stage based on the specified criteria.

2.3. Eligibility

Following the elimination of 1,921 items during the screening stages, 79 articles progressed to the eligibility phases.
During this stage, researchers meticulously reviewed each article to ensure they met the specified criteria. The examination
involved a thorough analysis of the entire text, with articles being excluded if they lacked relevance to the application of
project-based learning in students' high-order thinking skills. Given the aim of investigating the implementation of project-
based learning within the context of high-order thinking skills, various factors were considered, including teaching practices,
research methods, types of high-order thinking skills, the impact of project-based learning, and the form of project-based
learning employed. Criteria for selecting suitable articles were established, requiring titles to be related to the subject, articles
to discuss the impact of project-based learning on students' high-order thinking skills, and articles to be relevant to
predetermined keywords. However, during this stage, numerous articles failed to meet the set standards, either due to
unrelated titles, discussions on topics other than the identified keywords, or a lack of focus on the influence of project-based
learning on students' high-order thinking skills. Consequently, 31 articles were excluded from the analysis. Despite their focus
on project-based learning and high-order thinking skills, these articles did not align with the predefined criteria. For instance,
some publications presented modules without testing the influence of project-based learning on students' high-order thinking
skills, while others compared project-based learning to low-order thinking skills. As a result, only 48 articles progressed to the
inclusion stages.

2.4. Inclusion

The review process serves to ascertain the validity and credibility of the selected papers. In this instance, researchers
strictly adhere to the guidelines outlined in the PRISMA protocol to enahnce the validity and reliability of the articles while
minimizing the potential for bias. The PRISMA protocol is employed in this study as an evaluative method to analyze previous
research on the impact of project-based learning on students' high-order thinking skills. According to the stages delineated in
the PRISMA protocol, 48 articles there were included in the reporting phase.

Table 2 Summary of inclusion and exclusion criteria.

Criteria Inclusion Exclusion

Article title and Appropriate title and fulfil the study’s Irrelevant and did not match the study’s requirement

content requirements.

Year of publication Published from 2014 to 2024 Aside from the given ranged

Type of publication Only original studies and journal are accepted Excluding the non-empirical studies, reviews and
editorials

Language English Others

Field of article study PjBL and HOTS Aside from Flipped based learning and critical thinking

skill
Accessibility Full-text articles Preview and fee are required

2.5. Data analysis

Concluding the literature review, the data obtained from the current research aimed to address the researcher's inquiry.
This review consolidates and links various studies pertaining to the subjects covered in earlier research endeavors, utilizing
them to explore avenues for advancing prior studies. The validity of this systematic literature review was confirmed through
the analysis of reviewed papers using inter-rater agreement for meticulous coding. Before data analysis, thematic analysis was
employed to identify, analyze, and interpret patterns of meaning or themes within qualitative data (Clarke & Braun, 2017). The
data under examination consisted of articles collected via the PRISMA methodology, as outlined in the methodology section.
Following the PRISMA procedure, 48 articles were identified for analysis, resulting in the scrutiny of 48 papers to report the
findings. With the intention to further investigate the implementation of project-based learning on students' high-order
thinking skills, various perspectives regarding project-based learning practices were explored. Several aspects were taken into
consideration, including teaching practices and elements, research methodologies, types of high-order thinking skills, the
impact of project-based learning on students' HOTS, and the forms of project-based learning employed. Through the




examination of these elements, researchers aim to offer comprehensive insights into the practice of project-based learning on
student high-order thinking skills via this systematic literature review.

3. Results

After the screening and eligibility process, a total of 48 articles were chosen for the systematic literature review. The
current research used five research questions to guide a comprehensive understanding of the impact of the PjBL learning
method on students HOTS. First, what is the material taught on the implementation of PjBL for students, HOTS? Second, what
is the research method used in the paper published related to the implementation of PjBL on HOTS? Third, what type of HOTS
is focused on? Fourth, what is the impact of PjBL on students HOTS? Fifth, what form of project or PjBL is the implemented
focusing on students HOTS?. In this case, all the results of the research questions were summarized and compared in Table 3.

3.1. Context

The first research question was concerned with the material used in the research. This research question aims to
examine what type and what is the most used material in the research related to the impact of PjBL on students HOTS. The
result indicated that the material used varied from the social science, science, business, language, and research methodological
courses. Most of the materials used in the research were science materials (n = 29), such as math (n = 6), physics (n = 6), biology
(n = 7), chemistry (n = 1), general science (n = 4), and STEM (n = 5). Followed by language (n = 5), such as general language
material (n = 1), public speaking (n = 1), and English (n = 3). Followed by pedagogical knowledge (n = 3), such as learning
management (n = 1), learning media (n = 1), and the learning community (n = 1). Followed by business topics (n = 2), engineering
(n = 1), research methodology courses (n = 1), technology (n = 1), and social science, namely, geography (n = 1). The total were
43 article mentioned the material used, and 5 article did not mention the material.

3.2. Research method

The second research question concerned the type of research method used. This research question aims to reveal the
research methods commonly used to examine the impact of PjBL on students HOTS: qualitative, quantitative, mixed, and
research and development method. The result indicate that most of the research related to the impact of PjBL on students
HOTS was quantitative (n= 33) (e.g., Chen & Chang, 2021; Hsu & Wu, 2023; Jewpanich & Piriyasurawong, 2015; Mursid et al.,
2021; Muzana et al., 2021; Nor and Jumaat, 2023; Siew & Ambo, 2020; You, 2020). Followed by qualitative methods (n = 5).
(e.g., Aranguiz et al., 2020; Haniah & Setyaningsih, 2021; Lukitasari et al., 2018; Puspitasari, 2020; Ummah et al., 2019;).
Research and development (n = 4) (e.g., Pramasdyahsari et al., 2023; Saputra & Wagiran, 2019; Sofiyan et al., 2020; Rahayu et
al., 2021), the mix method (n = 6) (e.g., Faozi et al., 2020; Budiarti et al., 2021; Puangpunsi, 2021; Holmes & Hwang, 2016;
Amorati & Hajek, 2021; Holmes & Hwang, 2016). Based on the basis of these findings, the quantitative research method is the
most commonly used method in the research related to the impact of PjBL on students HOTS, followed by the mixed method,
gualitative research, and research and development methods.

3.3. Type of HOTS

The third research question was concerned the type of HOTS used or focused on in the research. This research aims to
examine what type of HOTS becomes the main focus to be examined or impacted by the PjBL. In this research question, the
researcher does not analyze the quantity of the typical HOTS evolved in each article. It is because the type of HOTS might
appear in two or more articles.

The finding indicated that several types of HOTS are focused on in the article related to the impact of PjBL on HOTS. For
example, problem solving was mentioned or used in 15 articles (n=15) (e.g., Hsu and Wu, 2023; Nor and Jumaat, 2023; Chen &
Chang, 2021; Jewpanich & Piriyasurawong, 2015; Haniah & Setyaningsih, 2021; Muzana et al., 2021; Kartini et al., 2021). Critical
thinking was mentioned or used in 19 articles (n=19) (e.g., Hsu and Wu, 2023; Holmes & Hwang, 2016; Holmes & Hwang, 2016;
Puspitasari, 2020; Haniah & Setyaningsih, 2021, etc). creativity used in 23 articles (n=23) (e.g., Hsu and Wu, 2023; You, 2020;
Amorati & Hajek, 2021; Chen & Chang, 2021; Puspitasari, 2020; Ummah et al., 2019; Siew & Ambo, 2020; Mursid et al., 2021;
Haniah & Setyaningsih, 2021, etc.). Evaluate used in 2 articles (n=2) (e.g., Wahyudi et al., 2023; Lukitasari et al., 2018), create
used in one article (Lukitasari et al., 2018), innovation used in one article (Plailek et al., 2023), and Inventive thinking used in
one article (e.g., Husin et al., 2016). According to the findings, the most typical HOTS used in the research related to PjBL were
creativity, critical thinking, and problem solving.

3.4. The impact of PjBL on students HOTS

The third research question in the current research concerns the impact of the PjBL on students HOTS. This research
guestion aim to reveal the impact of the use of PjBL on students HOTS and whether PjBL impacts students HOTS or not. The
result indicate that all articles, including the quantitative articles, qualitative articles and mix method articles, show the positive
impact of the PjBL on students HOTS. For example, Issa and Khataibeh (2021) reported the significant statistical difference (a=




0.05) attributed between the conventional method and the project-based learning strategy. It was shown that PBL model
affected on the students’ critical thinking ability in science. Aranguiz et al. (2020), in their qualitative research, conclude that
the project-based learning using a real-life scenario helped students reflect on their critical thinking and the challenges that
our societies face for a transition to sustainability, and Budiarti et al. (2021), in their mix method research, reported that the
global PjBL in extracurricular activities as a promising approach to incorporating the 4Cs in an authentic and sustainable
manner.

3.5. Type of project implemented

The fifth research question concerns the form of the project implemented in the PjBL teaching and learning practice
related to student HOTS. This research question aims to explore and reveal the common project used in the research related
to the impact of PjBL on students HOTS.

According to the findings, the projects implemented varied, but one typical project that was used in several articles was
based on STEM, such as Nor and Jumaat, (2023) Bitara STEM project, Muzana et al. (2021) E-STEM project-based learning, and
Husin et al. (2016) BITARA STEM. Other projects varied. For example, Hsu and Wu (2023) used the business simulation games;
Sofiyan et al. (2020) used the geometry of space project; Lukitasari et al. (2018) used portfolio project; You (2020) used team
project-based learning (TPjBL); Amorati & Hajek (2021) used writing project; Mursid et al. (2021) engineering drawing project;
Haniah & Setyaningsih (2021) used speech video project; Muzana et al. (2021) E-STEM project-based learning; Kartini et al.
(2021) Students design and assemble the prototype through a hands-on activity. Rais et al. (2021) are developing a paper about
various seaweed product diversifications. Rahayu et al. (2021) project on developing fruit salad recipes, Budiarti et al. (2021)
Cultural Exchange Project; Aranguiz et al. (2020) Action Research Project with the Agroecological Market (AM); Saputra &
Wagiran (2019) Jobsheet and Lesson Plan; Suherman et al. (2020b) Geogebra Suwarno et al. (2020) Science Worksheet on
Applied Waste Management, Kemaloglu-Er (2022): Research report, translation, creative outcome, interactive report, oral
presentation, and self-evaluation report. Karan & Brown (2022) Wood frame project, Tuaputty et al. (2023) Laboratory project,
Pramasdyahsari et al. (2023) Hypothetical learning trajectory (HTL), Wahyudi et al. (2023) Ethno-PjBL (Ethnoscience), Faozi et
al. (2020) Shoe manufacture, Efendi et al. (2020) Making posters, pamphlets, videos, and interactive media. Based on findings,
the most used project in the research on the impact of PjBL on students HOTS were projects based on the STEM approach.

Table 3 Descriptive analysis.

No Authors Context Research Type of Impact of PjbL on students HOTS Types of PjBI
method HOTS
1 Hsu and Wu Business Quantitative Problem The result of ANCOVA indicated Business simulation
(2023) solving, there were significant differences games
critical in problem-solving, critical
thinking, thinking, and creativity between
creativity the two study groups.
2 Sofiyan et al. Mathematic Research and (General PjBL-based teaching materials geometry of space
(2020) development HOTS) could increase students’ HOTS project
3 Lukitasari et al. Physic Qualitative evaluate, E-portfolio using Project Base E-portfolio
(2018) create Learning (PjBL) model can
improve the ability of higher-level
thinking.
4 (You, 2020) Not mentioned Quantitative Team The correlations of team efficacy, = Team project-based
creativity psycho- logical safety, and team learning
interaction with team creativity
were all found to be positively
significant in the PjBL context.
5 (Holmes & Mathematics Mixed- Critical PjBL students were more Not mentioned
Hwang, 2016) method thinking intrinsically motivated, showed
significantly higher critical
thinking skills.
6 (Amorati & Language Mixed- Creativity The project had a positive impact Writing project
Hajek, 2021) method on participants intrinsic
motivation and also helped them
develop their creative skills.
7 (Nor and Jumaat STEM Quantitative (problem The application of POPBL in STEM BITARA STEM
2023) solving) education programs could help program
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Karan & Brown
(2022)

Tuaputty et al.
(2023)

Plailek et al.
(2023)

Nurmaliah et al.
(2020)
Husin et al.
(2016)
Pramasdyahsari

et al. (2023)

Wahyudi et al.
(2023)

Chemist

Mathematics

Biology

Language
(English)

Business

Biology

Language
(English)

Biology

STEM

Science (DAM
for flood
controlling)

Physic

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Research and
development

Quantitative

was shown that PjBL model
affected on the students’ critical
thinking ability in science.

Critical There were differences in critical
thinking thinking skills and student
skills achievement between students
who studied with those models,
in which the students who
studied with the PjBel model
showed a better result.
Not The results of one-way ANOVA on
mentioned HOTS test shows that there is an
(general effect on the improvement of
HOTS) students’ HOTS using the Project-
Based Learning (PjBL) model
assisted by Geogebra.
Creativity PjBl assisted in worksheet has
positive impact on student’s
creativity
Creativity The PjBL enhance student’s
creativity in writing and creativity
in visual/audiovisual
Problem Students who learn with PjBL
solving performed better compared to
students in convenient class.
Critical There is strong correlation
thinking between the PjBL using
laboratory approach to students
critical thinking skill in
understanding marine biology
concept
Problem Students have highest skill in
solving, creating innovation followed by
innovation. applying in the PjBL context.
Creativity Students creativity in the
implementation of the PjBL in the
biodiversity material in good
category
Inventive The mean score of the students
thinking inventive thinking increased from
pre test to post test
Critical The use of digital book based on
thinking STEM-PjBL could improve
students mathematical critical
thinking
Critical Integrated hybrid E-PjBL with
thinking and assistive virtual technology
evaluation enhance student’s critical

thinking skill in physic course

Not mentioned

Geogebra

Science Worksheet
on Applied waste
management
Research report,
translation, creative
outcome, interactive
report, oral
presentation, and
self-evaluation
report.

Wood frame project

Laboratory project

Not mentioned

Not mentioned

BITARA STEM

Hypothetical
learning trajectory
(HTL)

Ethno-PjBL
(Ethnoscience)




37 Fadhil et al. Biology Quantitative Creative The application of PjBL can Not mentioned
(2021) (Vibration and thinking improve students critical thinking
wave) skill
38 Parno et al. Physic (Static Quantitative Critical The implementation of STEM Not mentioned
(2022) fluid) thinking and approach with formative
problem assessment has a positive impact
solving on increasing students critical
thinking skill.
39 Nukak et al. Biology; Quantitative Creativity Students creativity in the use of Not mentioned
(2021) classification of PjBL combined with realia media
living thing have higher score compare to
students use conventional media
40 Mariyam et al. Biology (waste Quantitative Creativity PjBL model with shared and Not mentioned
(2017) recycle) integrated type of integration is
effective in improving the
students creativity on the waste
recycle material
11 Faozi et al. Pedagogy Mix method Problem Learning community based on Shoe manufacture
(2020) (Learning with solving PjBL had influence the students
community) ability in problem solving
42 Rahim et al. Physic Quantitative Critical There was increase in students Not mentioned
(2019) (Momentum thinking skill critical thinking skill after given
and impulse) project based learning based on
process skill approach
43 Efendi et al. Geography Quantitative Critical The PjBL plus 4Cs learning model Making poster,
(2020) thinking skill applied to the experimental pamphlets, videos
group empirically is proven to be and interactive
able to improve critical thinking media
skill
44 Setyarini et al. Mathematic Quantitative Creative The PjBL assisted with PANGTUS Not mentioned
(2020) (Statistic and thinking model can effectively improve
probability) students creative thinking abilities
in higher education
45  Nurmaliah et al. Biology Quantitative Problem The STEM approach integrated STEM based project
(2021) (Immune solving with PjBL model could improve
system) the abilities of students to solve
problem
46  Mukaromah and General Science  Quantitative Creative The experimental class where STEM based project
Wusqgo (2020) (Global thinking students taught with PjBL, the
warming) students have higher creative
thinking compare to the students
in control class
a7 Anindya and Physic (Optical Quantitative Problem The PjBL STEAM affected the STEAM based
Wusqgo (2020) instrument solving students problem solving project
topic)
48 Viana et al. Physic (Impulse Quantitative Creative There are significant Not mentioned
(2019) and thinking demonstrated creative thinking
momentum) skill after the use of PjBL-based

learning model with process skill
approach.

Source: Authors’ compilation based on 48 selected articles (2014-2024) from Scopus, ERIC, and ProQuest

4, Discussion

The current systematic literature review examines the implementation of project-based learning on students’ high-
order thinking skills. Five aspects were considered: the context or subject used in the implementation, the research method




employed, the type of HOTS used, the impact of PjBL on HOTS, and the form of the project implemented. Regarding the context
or subject used, the current research reveals that mathematics, physics, biology, chemistry, general science, and STEM were
the most used contexts in research related to the implementation of PjBL on HOTS. It could be explained in the literature that
the settings considered has similar characteristics to HOTS; according to Agussuryani et al. (2020), the context of HOTS is the
ability to implement and generate new ideas, just as the science material related to adaptation and the use of something in
different conditions requires creativity and critical thinking. Zulfiani et al. (2020) stated that science knowledge is typically used
to solve daily problems because science corresponds with the daily activities of creatures and problems found in daily life
situations. In this case, to solve problems, the procedure and conception of HOTS can be used. That is why, generally, people
link science material with HOTS, including in education, such as in the context of the utilization of HOTS conception in science
textbooks, the integration of science conception as HOTS teaching material, and the utilization of science material or
knowledge on enhancing students HOTS.

Recent studies have predominantly employed quantitative methods when investigating the influence of project-based
learning (PjBL) on students' high-order thinking skills (HOTS). This prevalence can be attributed to the nature of the research
theme, which often centers on examining the relationship or impact of PjBL implementation on students' HOTS. The objective
is to ascertain whether the integration and adoption of PjBL in educational settings yield significant enhancement students’
high-order thinking abilities, necessitating the use of quantitative procedures for validation. As highlighted by Vrbin (2022),
one prevalent form of quantitative analysis is parametric statistics, which assesses fundamental assumptions such as
comparing means between variables, establishing significant differences between data groups, and examining the relationship
between data sets. In the context of this research, the variables under scrutiny are PjBL and HOTS. Studies within this domain
explore the effects of PjBL on HOTS (Martawijaya et al., 2023) and assess the efficacy of PjBL in enhancing HOTS (Hsu & Wu,
2023). Through quantitative analyses, these studies aim to provide empirical evidence regarding the impact of PjBL on students'
high-order thinking skills, contributing to a deeper understanding of the effectiveness of project-based learning approaches in
educational contexts.

The current research found that the most typical HOTS were creativity, critical thinking, and problem solving. Because
it might be because these kinds of higher-order thinking are the suitable thinking ability that correlate and suit the PjBL syntax.
Other than that, the teachers who implement PjBL in the classroom more familiar with these kinds of thinking skill. In the
literature, creativity is a holistic and multi-dimensional concept (Hernandez-Torrano & lbrayeva, 2020). It is defined as the
ability to generate innovative and effective ideas, artifacts, and solutions (Henriksen et al., 2020). Critical thinking is related to
the cognitive process, where Yin et al. (2023) defined critical thinking as the cognitive skills and dispositions that involve taking
responsibility for one's own thinking and improving it. According to Alsaleh (2020), critical thinking involves investigating a
situation, phenomenon, topic, or problem to develop a hypothesis or conclusion that incorporates all available information
and is convincingly supported. According to Dunbar, K. (2017), problem solving is defined as the process of searching in a
problem space that requires performing action such as physical, mental, and cognitive actions. In this case, Van Gog et al.
(2020) stated that solving problems involves both procedural and conceptual knowledge, including knowing what actions to
take and why. Based on the definition given, creativity, critical thinking, and problem solving involve the cognitive procedure
of high-order thinking. That is why the concepts of creativity, critical thinking, and problem solving were considered HOTS
(Nurhalis et al., 2024). Therefore, the adaptation of creativity, critical thinking, and problem solving in research related to HOTS
is appropriate (Rahmatika et al., 2024).

The finding also revealed that of the 48 articles included in the current systematic literature review, all of them
demonstrated the positive impact of PjBL on students HOTS. For example, Suwarno et al. (2020) proved the significant impact
of the use of PjBL integrated in the worksheet on students HOTS, namely, creativity; Setyarini et al. (2020) proved the significant
impact of the implementation of PjBL utilizihng PANGTUS on students HOTS, namely, creative thinking; and Handhika et al.
(2018) proved the significant impact of PjBL on the increase of students HOTS, namely, critical thinking. Keleman (2021) explains
that the integration of PjBL in the classroom gives students space to think and utilizes their cognitive abilities in analyzing,
evaluating, and solving issues or topics. The PjBL learning approach uses projects as a learning medium. Students examine,
appraise, interpret, and synthesize knowledge to attain learning objectives. The learning model focuses on problem-solving as
the initial step in acquiring and integrating new knowledge through experience. It analyzes solutions to complicated problems
throughout investigations (Hujjatusnaini et al., 2022). It is why the use of PjBL in the classroom could influence the students
HOTS.

The findings reveal that the most typical project used was a science, technology, engineering, and mathematics (STEM)-
based project. STEM is a scientific-related field that uses math to process data and applies technology and engineering to
science (Qudratuddarsi et al., 2022). According to Sudarmin et al. (2019), integrating STEM approaches with project-based
learning can address current challenges and solve the problem. The integration of STEM with project-based learning alters
several domains to foster critical, creative, inventive, and collaborative thinking. It explains why the research related to the
implementation of PjBL on students HOTS because the use of STEM is also integrated with typical skills of HOTS, such as
creativity, critical thinking, and invention. Sumarni and Kadarwati (2020) conclude in their research that the integration of
STEM in PjBL might provide a good teaching practice to improve the students’ creative and critical thinking skills. Santhosh et




al. (2023) stated that inculcating a STEM-based approach in the learning process, such as PjBL, might stimulate the students to
use their cognitive abilities to explore, create, and re-construct solutions for challenging problems.

5. Conclusion

The current study is a comprehensive literature analysis on the use of Project-Based Learning (PjBL) to equip students
with High Order Thinking Skill (HOTS). The current study examined the current literature on project-based learning research in
the context of student HOTS. Based on the 48 eligible articles, the findings revealed that the majority of research used science
material in a quantitative approach to cover various typical HOTS, including creative thinking, critical thinking, and problem
solving. Aside from that, the 48 eligible publications demonstrated the strong impact of PjBl on students' HOTS, with the most
common project implemented being the Science Technology Engineering and Mathematics (STEM)-based project.

The information gathered in this systematic literature review would be beneficial for the teacher as the one who control
the classroom learning. The teachers could imitate several kind of project based learning founded in the current research where
these kind of PjBL project have already proved to be significant to enhance the HOTS students on the based of research
procedure. Other than that, the current research would be beneficial for the policy maker. It is because, many important aspect
of PjBL related to students HOTS information was revealed in the current research, such as in what learning context the PjBL is
beneficial to improve students HOTS. It could be the references for the policy maker to suit and match the learning context
with the learning method.
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