26 (1), 2025, 227-243 Ol
Jurnal Pendidikan MIPA

e-1SSN: 2685-5488 | p-ISSN: 1411-2531
http://jurnal.fkip.unila.ac.id/index.php/jpmipa/ Eee

Research Exploration of Problem-Based Learning (PBL) Model and
Metacognition Ability in Mathematics Learning: A Systematic Literature Review

Cut Nadia Rachmi, Al Jupri®, Dadang Juandi, Nadyati Putri, & Santy Bulubaan
Department of Mathematics Education, Universitas Pendidikan Indonesia, Indonesia

Abstract: The Problem-Based Learning (PBL) model is one of the practical approaches to
increase students' active participation, independent thinking skills, and awareness of the learning
process, which will improve students’ metacognition skills. Metacognition enables students to
organize their learning strategies and improve learning outcomes. This research aims to identify,
classify, and evaluate research results from primary studies that apply the PBL Model in
measuring the improvement of students' metacognition skills in Indonesia using the systematic
literature review (SLR) method. The protocol used in SLR refers to The Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) statement, which includes the following
four stages: (1) identification, (2) screening, (3) eligibility, (4) included. This systematic review
leveraged covidence for comprehensive article screening and analysis, focusing on 30 carefully
selected academic publications spanning from 2015 to 2024. This study examines the
implementation of Problem-Based Learning (PBL) and its impact on students' mathematical
metacognition skills. The analytical framework encompassed multifaceted research dimensions,
including educational levels, geographical research contexts, publication timelines, mathematical
domains, research methodologies, journal indexing criteria, and research outcomes. The analysis
unveiled that publication frequency peaked in 2024, with a notable emphasis on secondary school-
level investigations. The methodological analysis indicated a predominant preference for
quantitative research approaches, particularly in studies examining spatial geometry concepts.
The consolidated results provided substantial evidence that the implementation of the PBL model
yielded positive and significant improvements in students' mathematical metacognition
capabilities.

Keywords: metacognition, problem-based learning model, systematic literature review.

» INTRODUCTION

Mathematics learning is important in developing logical thinking, analytical, and
problem-solving skills (Cresswell & Speelman, 2020; Lovianova et al., 2022).
Mathematical problem-solving skills extend beyond academic comprehension, proving
essential for addressing real-world challenges. Individuals who excel in this domain
typically exhibit higher self-confidence, creativity in approach, and self-reliance
(Hoshino, 2018; Nurhalisa et al., 2022).

Mathematics holds an important role in cultivating students' intelligence, allowing
students to explore and understand a variety of complex and intangible concepts that
require higher cognitive abilities (Liu et al., 2018). Students' difficulties in understanding
mathematical principles stem from two challenges: lack of cognitive maturity and passive
learning techniques, which in turn hinder students' engagement in the learning process
(Deslauriers et al., 2019; Kuncorowati et al., 2017; Limaetal., 2019). Sometimes students
also tend to take mathematical information at face value, without fully understanding its
underlying benefits or meaning (Wu, 2023). This situation indicates the need to develop
active learning that will encourage critical and analytical thinking, as well as improve
students' metacognitive understanding throughout the educational process.
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Problem-Based Learning (PBL) comes as an innovative pedagogical approach that
effectively responds to current educational challenges. PBL provides opportunities for
students to solve problems at hand, by encouraging students to work collaboratively, as
independent learners, and as problem solvers (Ali, 2019; Santos et al., 2021). This method
will significantly increase student involvement and metacognitive skills (Nicholus et al.,
2023; Wulandari & Taufik, 2020). Students produce advanced concept maps, indicating
a detailed understanding of conceptual complexities (Dochy et al., 2003). Learners will
build a more thorough framework of knowledge by replacing conventional learning with
an active and interactive educational experience using PBL (Anjelinaetal., 2021; Parwata
et al., 2023; Siagian et al., 2019).

Metacognition is a progressive ability to understand, manage, and evaluate
individual cognitive processes (Fleur et al., 2021; Rhodes, 2019). Metacognition stands
as an important foundation for educational success, empowering students to strategically
guide their learning process (Fleur et al., 2021; Silistraru & Vetrila, 2023). Metacognition
skills in mathematics learning consist of students' awareness of what they know and don't
know, planning problem-solving solutions, monitoring and managing the use of their
strategies, and evaluating the results and learning process (Fyfe et al., 2022; Mertasari et
al., 2023; Wang et al., 2021; William & Maat, 2020). Having metacognitive skills will
support students in organizing and monitoring the mathematics learning process, and help
students solve mathematical problems independently (Noor, 2022).

Students who develop metacognitive skills will be able to turn math learning into a
systematic process. Students will become skilled in managing their learning process,
strategically solve math problems, and gradually improve their academic performance
(Hoang et al., 2022; Lytra & Drigas, 2021). This approach allows them to become active
learners of their own cognitive development. In the end, the metacognitive framework
encourages students to solve math problems confidently, accurately and deeply (William
& Maat, 2020).

The PBL model stimulates students to present new challenges and find solutions,
which leads to the use of higher order metacognition. This happens because students have
to think more critically and reflectively when facing new situations or when solutions are
not directly visible (Siregar & Djulia, 2022). Students are encouraged to consider what
they know and how they know it. Thus, the PBL model can help students develop
confidence in their cognitive abilities, which will automatically turn students into
explorative and self-directed learners (Parwata et al., 2023).

Some research has analyzed how metacognition skills can be enhanced by applying
the PBL model to mathematics learning. Through PBL learning series, students can think
creatively, efficiently, and effectively in solving real problems, increasing problem
solving ability (Khakim, 2019; Nicholus et al., 2023). The learning stages in the PBL
Model, which consists of several phases, begin with the teacher introducing the problem
or material to be learned to students, initial discussion, independent learning, presentation
and discussion, further problem solving, evaluation and reflection, and ends with
concluding the learning (Ariyanto, 2020).

There have been many primary studies with various research methods that analyze
the effects of the PBL model on students’ metacognition skills. Quantitative research was
conducted by Setiawan & Supiandi (2019), Shamdas et al. (2024) and Triana & Azis
(2020), qualitatively describing students’ abilities in each indicator Santoso et al. (2018)
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and Wulandari & Listiana (2021). Besides that, there is also development research related
to this topic Bachri et al. (2022), Faizal Amir & Darmawan Kusuma (2018) and Khoeriah
et al. (2024). Each of these studies is still individual, revealing students' metacognition
abilities after applying the PBL Model. On the other hand, it is necessary to see its
development by identifying, classifying, and analyzing various research studies. This can
be done by Systematic Literature Review (SLR).

Based on the description previously presented, this research will answer three main
questions: (1) How is the description of the research results of the PBL Model and
metacognition skills in terms of education level, location, year, subject matter, research
methods and article sources; (2) Can the PBL Model improve students’ metacognition
skills; and (3) How can the PBL Model improve students' metacognition skills?

« METHOD
Research Design

This study used the systematic literature review (SLR) method. SLR is a scientific
method used to collect data available in the literature regarding a specific research
question and compare the quality of various studies to get the best possible answer
(Landewe, 2017; Pati & Lorusso, 2018). SLR differ to the usual data collection in that it
follows a structured and stringent methodology to provide assurance that all relevant
literature is suitably covered and concluded (Juandi, 2021). The outcome of this study is
to contribute to mathematics learning, specifically in applying the PBL model to increase
students' metacognition skills.

Research Strategy

The protocol applied in the SLR is based on The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement, which has four stages: (1)
identification, (2) screening, (3) eligibility, (4) inclusion (Liberati et al., 2009). To get a
systematic and quality literature review that serves the aims of the study, these steps
should be applied.

The research identification process was carried out through a strategic search using
key targeted words such as “Problem-Based Learning Model” and “Metacognition Skills
in Mathematics” to ensure the appropriate selection of articles. The researchers reviewed
multiple academic databases including SCOPUS, Education Resources Information
Center (ERIC), Semantic Scholar, and Google Scholar to secure relevant primary
research that fit the specific inclusion criteria. After collecting the articles, researchers
used Covidence management software to streamline the systematic review process. This
customized digital support tool offers an intuitive interface that supports online team
collaboration and enables efficient reference filtering and conflict resolution. The
software's custom capabilities help researchers manage data more systematically while
minimizing unintentional research bias (Babineau, 2014). All collected data were
meticulously extracted into an Excel spreadsheet, ensuring organized and transparent
documentation. By leveraging Covidence, researchers could conduct their systematic
literature review more efficiently, maintaining high standards of academic rigor and
methodological precision (Cleo et al., 2019).
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Figure 1. PRISMA protocol flow chart

The systematic literature review (SLR) screening process followed three main
stages. First, the researchers review the abstracts and identifiers of the articles based on
established inclusion and exclusion criteria. Next, an eligibility assessment was
conducted by carefully examining the full paper to ensure it matched the specified
research criteria. Finally, a thorough review of each shortlisted article was conducted to
extract specific findings. The PRISMA methodology allows the selection process to
remain systematic, transparent and unbiased. By implementing these strict measures,
researchers enhance the validity and credibility of their research results, giving them a
strong framework for comprehensive literature analysis.

Figure 1 describes the systematic review screening process of the 500 articles that
are initially identified through database searches, one duplicate is excluded by Covidence.
At the screening stage, 367 out of 499 primary studies were removed for not meeting
inclusion criteria during title and abstract screening, leaving 132 studies for further
review. During the eligibility stage, 103 primary studies were excluded for various
reasons. Consequently, 30 primary studies were retained for in-depth analysis and review.

Inclusion and Exclusion Criteria

This study’s population includes all research on PBL model and metacognition
ability in mathematics. The sample was carefully selected based on the predetermined
inclusion criteria, which are described in Table 1 below.
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Table 1. Inclusion criteria
Inclusion Criteria Reason
Avticles relevant to the topic of  This research focuses on exploring the relationship between
PBL model and metacognition  PBL and metacognition in the context of mathematics will

ability in mathematics help understand the effectiveness of this model in
improving students' skills.
The research subjects are This research wants to explore the extent to which the PBL

elementary school, junior high  model and metacognition skills are applied in each school

school and senior high school  level.

Research location in Indonesia By reviewing research in Indonesia, it can be seen to what
extent PBL has been implemented in Indonesian schools
and how it impacts on students' metacognitive skills in
mathematics.

Research published between The specified time frame was selected to ensure the

2015-2024 analyzed data reflected contemporary insights and
methodological approaches in mathematics education
research.

Math subject matters This research focuses only on mathematics because
mathematics is a core subject in all levels of education.

Research method The selected articles used quantitative, qualitative, mixed-

method, and development research methods, so that SLR
results have a more valid basis and the data obtained is

reliable.
Acrticles published inindexed  The articles selected should come from indexed journals,
journal such as Scopus, Sinta or Garuda. This is done to ensure that

the article has gone through a peer review process, so that
the results are more reliable and can be used to support
research synthesis.

Articles that did not meet the inclusion criteria were included in the exclusion
criteria, namely (1) articles that were not relevant to the topic of PBL model and
metacognition ability in mathematics; (2) research subjects are not elementary school,
junior high school, and senior high school; (3) research location not in Indonesia; (4)
research published other than 2015-2024; (5) subject matter is not math; (6) research
methods other than quantitative, qualitative, mixed-method, and development research;
and (7) articles published in proceedings or repository.

Data Analysis

A descriptive qualitative data analysis methodology was employed to interpret the
selected studies' results. The analysis process unfolded through four primary stages. First,
each article underwent thorough reading and comprehensive examination to acquire a
profound understanding of the findings and their research relevance. Second, the primary
findings from each study were synthesized, concentrating on the interconnection between
PBL model and students’ mathematical metacognition skills. Third, the findings were
critically compared to identify prevalent trends or potential research gaps. Finally, the
researcher formulated comprehensive conclusions based on the findings' synthesis, which
included identifying areas requiring further investigation and potential practical
educational applications.
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= RESULT AND DISSCUSSION

There are three main research questions: (1) How is the description of the research
results of the PBL Model and metacognition skills in terms of education level, location,
year, subject matter, research methods and article sources; (2) Can the PBL Model
improve students’ metacognition skills; and (3) How can the PBL Model improve
students' metacognition skills?

RQ1: How is the description of the research results of the PBL Model and
metacognition skills in terms of education level, location, year, subject matter,
research methods and article sources

From the literature search results, 30 primary studies were obtained that could be
included in the analysis stage. The distribution of student participation in empirical
research examining the implementation of Problem-Based Learning (PBL) for enhancing
metacognitive skills in mathematics education is presented in Figure 2.

School Level

=
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Grade 5 Grade 7 Grade 8 Grade 9 Grade 10  Gradell Grade 12

Primary Junior High School Senior High School
School

48 student 729 student 861 student

Figure 2. Number of students at each level of education

The analysis of studies conducted between 2015 and 2024 revealed that PBL
interventions were most extensively implemented at the senior high school level, with
861 participants, predominantly from grade 10. At the junior high school level, 729
students participated in the studies, with the majority being grade 10 students. Research
in elementary schools is very rare, involving only 48 fifth graders. The total number at all
levels of education consisted of 1,638 participants. The main focus of research on
Problem-Based Learning (PBL) and mathematics metacognition is on secondary
education. This is because secondary school students learn increasingly complex
mathematical concepts, where metacognitive skills become very important to achieve
learning success. At this stage of education, students must perform more abstract
mathematical reasoning, making the development of metacognitive skills very important.
The PBL model provides an effective approach to developing these thinking skills, so that
students can better understand, monitor and evaluate their own learning processes in
mathematics.

In a mapping of comprehensive research on Problem-Based Learning (PBL) models
and mathematical metacognition skills, North Sumatra is the top region with nine
successfully completed studies, followed by West Java with five studies. This highlights
a strong academic ecosystem with adequate institutional support to conduct research on
innovative educational approaches.
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Figure 3. Number of articles by research location

Although this research covers several provinces in Indonesia including Aceh,
Bengkulu, Lampung, Central Java, East Java, Jakarta, West Kalimantan, NTB, Central
Sulawesi and South Sulawesi, participation is still inequitable. These regions have
contributed between one and three studies each, indicating a stark gap in the number of
studies across regions.

The inequality of research activity points to a critical need to expand research
efforts, especially in eastern Indonesia where academic research is still very sparse. The
researchers propose strategic interventions such as implementing supportive policies,
providing more research funding opportunities, and forging stronger collaborative
partnerships between universities and educational institutions. This could help stimulate
increased research capability and encourage a more balanced exploration of PBL and
mathematical metacognition development across academic settings in Indonesia.

Year Publication
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Figure 4. Number of articles by year of publication

The publication trend of primary studies on PBL models and metacognition skills
in mathematics learning over the past decade, 2015-2024, is presented in Figure 4. The
publication trend of primary studies on PBL models and metacognition skills in
mathematics learning over the past decade shows that the largest number of primary
studies was published in 2024, suggesting an increased research interest in PBL and
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metacognition in mathematics learning. This could be caused by the increased focus on
problem-based learning approaches and the application of metacognition in mathematics
education. The significant increase in 2024 signals a resurgence of academic interest in
the effectiveness of PBL in improving students' metacognitive skills in mathematics.

In 2015 no publications of primary studies were recorded, which may indicate that
the application of PBL to improve metacognitive skills in mathematics learning was not
a top priority at that year. Factors such as lack of awareness, lack of previous research, or
the unpopularity of PBL methods in mathematics education could be the cause. There are
fluctuations in research interest from year to year. The number of publications has
fluctuated over the period 2016 to 2022, reflecting variations in research trends, as well
as changes in academic focus on this topic. Fluctuations in the number of studies reflect
changes in academic interest, but the spike in 2024 confirms that the method is
increasingly relevant and deserves further study in the context of mathematics education.

Learning material needs to be considered when implementing a learning model. The
30 analyzed articles found quite diverse learning materials, but some did not mention the
materials taught. The learning materials of each article are presented in Figure 5.

Math Topics

Lines and Angles
Solid Figure

Circle

KPK dan FPB
Number Pattern
Propotion

Social Arithmetic
Linear Programing
Absolute Value
Linear Equation and Inequalities
SPLDV

SPLTV

Function Derivatives
Trigonometry
Others

Figure 5. Number of articles by learning material

Material based on the analysis, most space-building materials were taught during
the primary research implementation. Other learning materials include lines and angles,
circles, KPK and FPB, number patterns, comparison, social arithmetic, linear programs,
absolute value, linear equations and inequalities, SPLDV, SPLTV, function derivatives,
and trigonometry. The distribution of each of these learning materials is the same. There
are only 1 or 2 studies for each of these materials. Meanwhile, articles that did not include
what material was taught during the research process were categorized as "other"
materials.

Basic mathematical topics like lines, angles, patterns, and comparisons may not
benefit as much from PBL implementation, as these simpler concepts can often be solved
without requiring deep metacognitive engagement. In contrast, advanced topics such as
function derivatives and trigonometry present greater cognitive demands through PBL,
potentially overwhelming students. In these complex scenarios, facilitators play an
essential role in managing cognitive load and guiding students' metacognitive
development.
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PBL in mathematics has been applied to a variety of learning materials, although
the distribution is fairly even with only a few studies focusing on specific materials.
Constructing space is the most researched material, possibly because of its characteristics
that are suitable for a problem-based approach. Many studies did not include specific
materials, so it is important for future research to be more explicit about the materials
used so that results can be more easily compared and applied in a broader context. Given
these findings, future research could consider strengthening the study on less explored
materials to gain a more comprehensive understanding of the effectiveness of PBL with
students' metacognition skills in various mathematical concepts.

Classification of articles is also carried out based on the research method used.
Articles are grouped into 4 categories: quantitative, qualitative, mixed (quantitative and
qualitative), and development research. The distribution of articles for each category of
research methods is presented in Figure 6.

Study Design

R&D
23%

Quantitaif

Mix Methode 54%

13%

Qualitatif
10%

B Quantitaif mQualitatif BMix Methode ©RED

Figure 6. Number of articles by study design

From 2015 to 2024, research on the topic of PBL and metacognition skills in
mathematics learning was dominated by quantitative research. In a comprehensive review
of 30 research articles on the PBL model, the analysis revealed a clear methodological
distribution: 16 articles used quantitative methods, 3 employed qualitative approaches, 4
utilized mixed methods, and 7 were development-focused studies. This composition
underscores a strong quantitative research trend over the past decade.

The research primarily concentrated on evaluating PBL's impact on students'
learning outcomes and metacognitive development. While quantitative studies
dominated, qualitative research remained notably limited, despite its potential to offer
profound insights into students' cognitive processes during problem-based learning.
Mixed and development research demonstrated promising efforts to integrate diverse
methodological approaches and develop more sophisticated learning models. Researchers
recommend expanding future investigations, particularly increasing qualitative and
mixed-method studies. These approaches could provide deeper understanding of students'
metacognitive thinking and explore PBL's broader learning influences.

The articles were categorized based on journal indexing, specifically Garuda, Sinta,
and Scopus, further establishing their academic credibility. The distribution of articles for
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each category is presented in Figure 7. Most journal publications are in the Sinta 3
category, totalling 9 journals; Sinta 2, Sinta 4, and Sinta 5, totalling 5 journals; Garuda,
totalling 4 journals; and Sinta 1 and Scopus, totalling 1 journal.

Journal Indeks

Scopus
Sinta 5
Sinta 4
Sinta 3
Sinta 2

Sinta 1

Garuda

o

2 4 6 8 10

Figure 7. Number of articles by journal index

Most of the research was published in journals with Sinta 3 to Sinta 5 categories,
indicating that the publication trend of this topic is still dominated by national journals
with medium rankings. The number of publications in highly reputable journals (Sinta 1
and Scopus) is still very limited, so there are opportunities for researchers to improve the
quality of research and publications in international journals or national journals with
higher rankings. For future research development, it is recommended that more research
be published in Sinta 1 and Scopus journals, so as to increase the scientific contribution
of PBL research and metacognition in mathematics at the national and international
levels.

RQ 2: Can the PBL Model improve students’ metacognition skills?

Based on the analysis of 30 primary studies with various research methods, the
results vary from one another in the context of implementing the Problem-Based Learning
(PBL) model. In its application to mathematics learning, the PBL model does not always
have a uniform impact on students’ metacognition skills. Some studies indicate less
significant results, while others show substantial improvement. Research consistently
shows that the PBL model effectively boosts students' cognitive abilities in mathematics.
This success shows up in several ways-students get better at solving problems, develop
stronger mathematical reasoning, and gain a deeper grasp of concepts.

However, its success rate may vary depending on several key factors. These will
include how ready the teacher is to use the PBL model, the unique character of the
students, how challenging the math content is, and whether the learning environment
provides appropriate support.

Table 2. Data analysis research

Category Description n
PBL has a significant effect 13
Effect PBL has good support 3

PBL effectively improves metacognition skills 4
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PBL learning instruments can improve students' metacognition. 7
No effect  PBL has no significant effect 3

In the research of Hamimah & Kartika (2019), Ikhsan & Fitria (2017) dan Shamdas
et al. (2024) showed that the PBL model proved to have a better effect in improving
students' metacognition skills compared to other learning models, because PBL puts
students at the center of learning and requires students to analyze, formulate problems,
design solutions, and reflect on their learning process (Mudrikah et al., 2020). This helps
students to actively manage, monitor, and evaluate their own learning strategies, which is
the essence of metacognition (Pandey & Mohan, 2024; Rasheed & Zafar, 2023). The PBL
model will also provide space for students to work collaboratively, discuss, and integrate
various perspectives, so that students will be better trained to recognize their way of
thinking and develop a deep understanding (Magdalena et al., 2023; Sisrayanti et al.,
2024). Thus, the application of PBL not only improves cognitive learning outcomes but
also helps students become more independent and critical learners (Saputri &
Kesumawardani, 2021; Suryani et al., 2024).

RQ 3: How can the PBL Model improve students’ metacognition skills?

Problem-Based Learning (PBL) follows a structured approach that moves through
five key steps. It starts with getting students familiar with the problem at hand, then
organizing how they'll learn. Next, teachers guide students as they investigate, followed
by having students develop and share their solutions. The final step involves looking back
at how well the problem was solved (Lestari & Aziz, 2022; Srikan et al., 2021). At its
heart, PBL gets students actively involved in tackling real problems. The main goal is for
students to build their own understanding by finding solutions themselves, which helps
them become better independent problem solvers (Bachri et al., 2022). When working
towards answers, students need to pull together everything they already know - from facts
and information to thinking skills and problem-solving techniques. This way of
combining different thinking strategies while learning helps students develop deeper
awareness of how they think and learn.

In their research Istiqgomah et al. (2020) dan Saputri & Kesumawardani (2021)
explained that the learning process was still not optimal at the first meeting when applying
the PBL model. Many students still have difficulty following the learning process with
the PBL model. Then, the researcher evaluates what is lacking and what needs to be
developed in the learning process. Moreover, at the next meeting, students began to
understand how the learning process in the classroom began to run effectively, and some
students solved the problems presented. Learning involves meaningful interactions
between teachers and their students, as well as among the students themselves. These
dynamic exchanges play a crucial role in sparking students' metacognitive development -
helping them think about their own thinking and learning processes (Sutarto et al., 2022).

Students face several challenges with their metacognitive thinking during the
learning process. They often find it hard to grasp basic elements like facts and concepts,
as well as more complex aspects like principles and procedures (Santoso et al., 2018).
When it comes to mathematics, many students struggle to work with mathematical
symbols and create mathematical models to solve problems. They also have trouble
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figuring out how to use mathematical formulas and rules correctly, and making
connections between different concepts to find solutions (Nisa Rambe & Sinaga, 2020).

Learning modules serve as valuable educational tools that help students navigate
the learning process and better understand course materials (Barbosa & Maldonado, 2011,
Listiadi, 2018). These modules promote independent learning, allowing students to
progress at their own speed and grasp concepts according to their individual learning
capabilities. Dewi et al. (2024), Faizal Amir & Darmawan Kusuma (2018) dan Siagian et
al. (2019) mentioned in their research that studies indicate that learning materials
developed using the PBL model whether in the form of modules or student worksheets -
have proven to be valid, effective, and practical tools for enhancing students' cognitive
abilities. Additionally, students have responded positively to this PBL based approach to
learning.

= CONCLUSION

This study analyzed 30 articles that discussed applying the Problem-Based
Learning (PBL) model to improve students' metacognition skills in mathematics learning
from 2015 to 2024. The analysis was conducted by classifying articles based on various
aspects, including education level, research location, year of publication, learning
materials, research methods, journal index, and research results. Regarding publication
characteristics, it was found that the highest frequency of publications occurred in 2024,
with most applications carried out at the senior high school. Regarding methodology,
most studies used a quantitative approach focusing on learning materials on building
space. The analysis results show that applying the PBL model positively impacts students'
metacognition skills in learning mathematics.

The findings from this SLR study can be used as a reference for academics and
mathematics teachers in developing research and implementing learning methods in the
classroom. A more comprehensive review of the article is needed for future research
through a meta-analysis or meta-synthesis approach to produce a deeper understanding
of applying the PBL model to metacognition skills.
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