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Metacognitive strategies are effective in enhancing secondary school
students’ performance in physics, a key science, technology, engineering,
and mathematics (STEM) subject that poses challenges due to its conceptual
complexity and the need for higher-order thinking skills. This study
systematically reviews the impact of metacognitive strategies on student
performance in physics from 2014 to 2024. The research objectives include
identifying trends, advantages, and challenges of these strategies. Using
preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines, 25 studies were selected from databases like Web of
Science (WoS) and Scopus, involving diverse respondents. Research
instruments included surveys, interviews, and standardized tests to assess
metacognitive awareness and academic performance. Analysis revealed a
preference for quantitative methods (88%), with qualitative (8%) and mixed
methods (4%) also contributing insights. Results indicate that metacognitive
strategies enhance conceptual understanding, problem-solving skills,
motivation, engagement, and academic performance while reducing gender
gaps. However, challenges include implementation complexity, time
constraints, student resistance, assessment difficulties, and variability in
effectiveness. The findings underscore the need for comprehensive teacher
training and innovative instructional designs to integrate metacognitive
strategies effectively. These strategies hold promise for transforming physics
education and promoting equitable student outcomes. Future research should
focus on developing tailored approaches and innovative assessment methods
to optimize the implementation of metacognitive strategies across diverse
educational contexts.
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1. INTRODUCTION

In the field of education, the pursuit of effective teaching strategies that enhance student
performance remains a critical objective [1]. Physics, as a foundational discipline in modern science and
technology, often poses significant challenges to secondary school students [2]. These challenges arise not
only from the abstract and mathematical nature of the subject but also from students’ cognitive and
metacognitive abilities [3], [4]. Metacognition, defined as the awareness and regulation of one’s own learning
processes, has emerged as a crucial factor in academic success [5]. Research suggests that fostering
metacognitive skills can significantly enhance students’ understanding and application of complex physics

concepts [6]-[9].
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Metacognition comprises two key components: metacognitive knowledge and metacognitive
regulation [10]. Metacognitive knowledge involves awareness of one’s cognitive processes, understanding
task requirements, and selecting appropriate strategies [11]. Metacognitive regulation, on the other hand,
encompasses planning, monitoring, and evaluating one’s learning activities. Studies consistently demonstrate
that students who employ metacognitive strategies achieve higher academic performance, as these
skills enable them to become self-regulated learners capable of adapting their approaches to diverse
tasks [12]-[14].

Despite the growing recognition of metacognition’s importance, its application in secondary physics
education remains underexplored [15]-[18]. Traditional teaching methods, which often emphasize rote
memorization and procedural problem-solving, may not adequately address the cognitive and metacognitive
demands of physics [8], [13], [19]. Consequently, students frequently develop misconceptions, experience
anxiety, and disengage from the subject [20]-[23]. These issues underscore the need for innovative
instructional approaches that integrate metacognitive strategies to enhance both cognitive and affective
outcomes [24]-[26].

Empirical evidence highlights the transformative potential of metacognitive strategies in physics
education [8], [19], [27], [28]. For instance, students who receive metacognitive training demonstrate
improved problem-solving abilities, deeper conceptual understanding, and higher academic achievement
[11], [16], [29]-[34]. However, the implementation of these strategies in secondary school curricula presents
unique challenges, including limited teacher training and the complexity of aligning metacognitive practices
with existing educational frameworks [35].

This systematic review aims to address these gaps by synthesizing research on metacognitive
strategies in secondary physics education from 2014 to 2024. Thus, it seeks to answer three key questions:

i)  What are the prevailing trends and characteristics of research on metacognitive strategies in secondary
school physics education?

ii) How do these strategies enhance students’ understanding and performance in physics?

iii) What challenges do educators face in integrating metacognitive strategies and how can these be
addressed?

By addressing these questions, this review provides a comprehensive overview of the field and offers

actionable insights for educators and researchers seeking to improve physics education through

metacognitive interventions.

The novelty of this systematic review lies in its focused investigation of metacognitive strategies
specifically within secondary physics education, a subject that has received limited attention in broader
metacognitive research. Unlike previous studies that examine metacognition in general science, technology,
engineering, and mathematics (STEM) or science education, this review synthesizes research from the past
decade (2014-2024) to provide a comprehensive analysis of trends, benefits, and challenges unique to
physics learning. Additionally, it highlights the role of metacognitive strategies in promoting equity by
addressing gender disparities in physics performance—an area that remains underexplored. By integrating
diverse methodologies and global perspectives, this study offers new insights into how metacognitive
interventions can be effectively implemented in physics classrooms, ultimately contributing to a more
student-centered and inclusive approach to teaching and learning.

2. METHOD

A systematic literature review (SLR) is crucial for establishing theoretical foundations, identifying
research gaps, enhancing methodologies, supporting arguments, and preventing duplication of previous
studies [36]. Recognized as a promising structured approach, it examines prior research comprehensively.
This SLR was conducted to explore the impact of metacognitive strategies on secondary school students’
performance in physics, following the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) 2020 guidelines [37]. These guidelines provide updated criteria for identifying, selecting,
assessing, and summarizing studies to enhance clarity and effectiveness in literature reviews. The process
began with a comprehensive search of multiple reputable academic databases, such as Web of Science (WoS)
and Scopus, using specific keywords like “metacognitive strategies,” “physics education,” and “secondary
school students,” ensuring a broad and inclusive collection of relevant literature.

The literature review aims to detect themes, theoretical perspectives, and general issues, as well as
identify theoretical concept components from recent studies. It contributes to research by synthesizing
existing studies to create a future research agenda. Defined as the process of identifying, assessing,
synthesizing, and interpreting studies effectively, this review relies on secondary sources, such as reputable
and high-quality journal articles. The chosen database is considered a primary source due to its broad impact
compared to others. Alternatively recognized as a structured literature review, the SLR emerges as a potent
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tool for scrutinizing previous studies, thereby strengthening the respective field. A thorough protocol has
been outlined within this review, detailing the criteria for data exploration and other pertinent aspects.

The initial search results were meticulously screened to eliminate duplicates and irrelevant articles,
focusing only on studies that directly addressed the research questions. Predefined inclusion criteria were
applied to assess the eligibility of the remaining studies, including relevance to the research topic,
methodological rigor, and publication date, ensuring that only high-quality and pertinent studies were
included. The quality of the studies was further evaluated using established benchmarks to ensure the
robustness of the findings. Data extraction from the eligible studies was conducted systematically, focusing
on key variables such as research methods, findings, and implications for physics education. The extracted
data were then analyzed to evaluate the impact of metacognitive strategies on students’ performance in
physics. This led to a synthesis of findings that identified trends, advantages, and challenges associated with
metacognitive approaches in secondary school physics education. This review aims to contribute to the field
by providing a comprehensive overview and identifying areas for future research.

2.1. Database sources

Databases are crucial as they serve as primary reservoirs of publication metadata and bibliometric
metrics. Selecting an appropriate data repository is essential for assessing a study’s credibility. It is
imperative for a SLR to utilize multiple databases. According to existing literature, WoS and Scopus are the
two predominant bibliographic databases used. These databases are widely favored in systematic review
endeavors due to their global recognition, comprehensive coverage and competitive citation indexing [38].

2.2. Preferred reporting items for systematic review and meta-analysis

This SLR adheres to the PRISMA review process. Originally introduced in 2009, PRISMA has been
updated to PRISMA 2020, incorporating revised reporting criteria to reflect advancements in the process of
identifying. Also, enhancing the clarity and effectiveness of communication in literature reviews and
meta-analyses.

2.3. Identification

To select a significant volume of relevant literature for this study, several key steps in the systematic
review process were employed. Initially, keywords were selected, and associated terms were identified using
dictionaries, thesauri, encyclopedias, as well as prior research. Consequently, search strings were developed
with regard to the Scopus and WoS databases, from which all significant terms were selected, as presented in
Table 1. In the first step of the systematic review process, 576 publications were successfully retrieved from
these two databases with regard to the current research project.

Table 1. The search strings
Databases Term for search strings

Scopus TITLE-ABS-KEY ( ( metacognit* OR “self-regulation” OR “self-awareness” OR “reflective thinking”) AND ( physics
OR “physical science” OR mechanics OR thermodynamics ) AND ( high OR secondary OR elementary OR middle )
AND ( school OR education ) AND ( students OR learners ) ) AND PUBYEAR > 2013 AND PUBYEAR <2025 AND
(LIMIT-TO (SUBJAREA , “SOCI”)) AND (LIMIT-TO (DOCTYPE , “ar”)) AND (LIMIT-TO (LANGUAGE |,
“English”)) AND (LIMIT-TO (SRCTYPE , “§)) AND (LIMIT-TO ( PUBSTAGE , “final”))
Date of access: August 2024

WoS ( metacognit* OR “self-regulation” OR “self-awareness” OR “reflective thinking”) AND ( physics OR “physical

science” OR mechanics OR thermodynamics ) AND ( high OR secondary OR elementary OR middle ) AND ( school
OR education ) AND ( students OR learners ) (All Fields) and 2024 or 2023 or 2022 or 2021 or 2020 or 2019 or 2018 or
2017 or 2016 or 2015 or 2014 (Publication Years) and Article (Document Types) and Education Educational Research
(WoS Categories) and 6.11 Education & Educational Research (Citation Topics Meso) as well as English (Languages)
Date of access: August 2024

2.4. Screening

Throughout the screening phase, the gathered research items are assessed to examine which content
aligns with the predefined research questions. Typical criteria for this phase include selecting research items
categorized under metacognitive approaches to enhance secondary school students’ performance in physics.
Duplicate papers are removed. Initially, 576 publications were excluded, while 134 papers were further
examined based on the study’s inclusion as well as exclusion criteria, as refer to Table 2. Note that the main
criterion was research literature offering practical recommendations, such as reviews, meta-syntheses,
meta-analyses, conference proceedings, chapters, book series, as well as books that were not included in the
latest study. Other than that, the review concentrated on English-language publications from 2014 to 2024.
In the end, 15 publications were omitted prior to duplication.
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Table 2. The selection criterion is searching

Criterion Inclusion Exclusion
Language English Non-English
Time line 2014-2024 <2013
Literature type Journal (article)  Review, book, conference
Publication stage ~ Final In press
Subject area Social science Others

2.5. Eligibility

In the third stage, referred to as the eligibility assessment, 94 articles were gathered. Each article was
meticulously reviewed for titles and content to confirm they matched the inclusion criteria, which aligned with
the study’s research objectives. As a result, 69 data sets, papers, and articles were eliminated for not meeting
the eligibility requirements. Reasons for exclusion included being outside the study’s field, having titles that
did not significantly relate to the research goals, abstracts irrelevant to the study’s objectives, and lacking
full-text access with regard to empirical evidence. This process left 25 articles for the next review phase.

2.6. Data abstraction as well as analysis

This research utilized an integrative analysis to assess and integrate various research designs,
concentrating on quantitative methods to pinpoint significant subtopics as well as topics. Note that the initial
stage of theme development involved data collection. Referring to Figure 1, the authors carefully assessed 25
publications with regard to content pertinent to the study’s topics. They assessed major studies on
metacognitive strategies aimed at improving secondary school students’ performance in physics, scrutinizing
the methodologies, and results of each study. Subsequently, the authors worked together to create themes
established on the evidence, keeping a detailed log during the whole of the data analysis process to document
analyses, perspectives, questions, and reflections related to data interpretation. They compared their findings
to spot any inconsistencies in the theme development process. Correspondingly, disagreements were resolved
through discussions among the authors, as well as the themes were revised to ensure consistency. Note that
the analysis selection was validated by two science education experts, who confirmed the clarity, relevance,
as well as appropriateness of each subtheme by establishing domain validity.

- Record examines via Record examines
2 Scopus searching via WoS searching
5 (n=157) (n=419)
b=
g v L/
v v Records excluded.
v Follow the criterion,
Records after screened removed;
Scopus (n=51), WoS (n=83) *  Non-English,
2 (Total=134) = <2013,
§ = Conference, Book,
o Review,
@ A 4 =  InPress,
Duplicate record removed =  Others

(n:1 5) (n=442)
= v" Full text excluded.
I,;'; v v" Due to the out of field such
B0 . . as university level, not
= Article access for eligibility > physics subject and not

(n=94) related to metacognitive.

v' Abstract is not related to the
study’s objectives.

9 4 (n=69)
= Studies included in
E qualitative analysis
- (n=25)

Figure 1. Flow diagram with regard to the proposed searching study [37]
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3. RESULTS AND DISCUSSION

In the analysis of metacognition research in secondary school physics education from 2014 to 2024,
several significant findings emerged. The research demonstrated a clear upward trend, with publications
peaking in 2022, reflecting an increased focus on innovative teaching strategies, particularly post-COVID-19.
This trend underscores the growing recognition of metacognition’s role in enhancing student outcomes in
physics. The studies predominantly employed quantitative methods (88%), highlighting a preference for
objective measurement and statistical analysis, while qualitative (8%) and mixed methods (4%) provided
valuable contextual insights. Geographically, Indonesia led four studies, focusing on online learning and
self-regulated strategies, while the USA, Serbia, and Turkey each contributed three studies, exploring diverse
metacognitive tools. This global distribution emphasizes the universal relevance of metacognitive strategies
in physics education. The advantages identified include enhanced conceptual understanding, improved
problem-solving skills, increased motivation and engagement, better academic performance, and reduced
gender gaps. However, challenges such as implementation complexity, time constraints, student resistance,
assessment difficulties, and variability in effectiveness were also noted. Addressing these challenges requires
comprehensive teacher training and innovative instructional designs. Overall, the integration of
metacognitive strategies holds significant promise for transforming physics education, fostering deeper
understanding, and promoting equity in student outcomes.

3.1. The prevailing trends and characteristics of research on metacognitive strategies in secondary
school physics education from 2014 to 2024

From 2014 to 2024, research on metacognition enhancing secondary school students’ performance
in physics has shown a clear upward trend. Initially, there were no articles in 2014 based on the criteria in
this study, but interest began to grow, with two articles each in 2015 and 2016. After a brief hiatus in 2017,
the field saw a steady increase in publications, peaking in 2022 with six articles. This surge, particularly
noticeable from 2021 onwards, likely reflects the heightened focus on innovative teaching strategies
necessitated by the COVID-19 pandemic. The consistent output in 2023 and 2024, with three articles each
year, indicates that metacognition has become a well-established and ongoing area of research, highlighting
its recognized importance in improving student outcomes in physics education. Figure 2 shows the graph of
the publication of articles related to metacognition among high school students for the years 2014-2024.

Number of articles
7
6
5
4
3
2
1
0
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
=@—Number of articles

Figure 2. Number of articles

The distribution of research methodologies in studies on metacognition’s impact on secondary
school students’ performance in physics shows a strong preference for quantitative methods (88%), which
focus on objective measurement and statistical analysis to identify patterns and test hypotheses. A smaller
portion of studies (8%) use qualitative methods, providing in-depth, contextual insights into students’
experiences and perceptions. An even smaller fraction (4%) employs mixed methods, combining qualitative
as well as quantitative approaches to provide a detailed understanding by validating numerical data with
detailed, subjective insights. This distribution highlights the emphasis on measurable outcomes in the field
while acknowledging the value of rich, contextual data to explain and enhance the quantitative findings.
Figure 3 shows the methodology used by researchers in studying the metacognition of high school students.
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Figure 3. Methodology of studies

Figure 4 shows the distribution of countries that published articles on metacognition among high
school students. The global spread of research on metacognition in physics education underscores a broad
acknowledgment of its significance in improving student performance. Indonesia leads with four studies
focusing on online learning and self-regulated strategies. At the same time, the USA, Serbia, and Turkey each
contribute three studies exploring diverse metacognitive tools and their impact on conceptual understanding.
Finland and the Philippines also show significant interest in two studies each, emphasizing collaborative
learning and innovative teaching strategies. Other countries like Switzerland, Germany, the Netherlands,
Austria, Malaysia, Taiwan, Uganda, and Zambia each contribute valuable insights into various aspects of
metacognitive instruction, such as context-based tasks, formative feedback, and problem-solving skills. This
diverse body of research underscores the universal relevance of metacognitive strategies in improving
educational outcomes in physics across different educational contexts.
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Figure 4. Number of studies based on countries

3.2. Metacognitive strategies enhance secondary school students’ understanding and performance in
physics

Based on the review papers, there are five advantages identified in metacognition for secondary

school physics education studies. Table 3 presents a summary of the advantages. The review identified five

key advantages of integrating metacognitive strategies into secondary school physics education: enhanced

conceptual understanding, improved problem-solving skills, increased motivation and engagement, better

academic performance, and reduced gender gaps, as shown in Table 3. These advantages highlight the

Int J Eval & Res Educ, Vol. 14, No. 5, October 2025: 3859-3871



Int J Eval & Res Educ ISSN: 2252-8822 O 3865

transformative potential of metacognitive strategies in fostering deeper learning and equity in physics
education. For instance, several studies [39], [40] demonstrated that metacognitive tools, such as
self-regulated learning (SRL) and cognitively activating instruction, significantly improved students’
conceptual understanding (p<0.05). These strategies encourage students to monitor and regulate their thought
processes, leading to better comprehension and retention of complex physics concepts. Similarly, research by
Wade-Jaimes et al. [41] emphasized the role of interactive questioning and reflection in supporting students’
conceptual trajectories, moving beyond rote memorization to achieve meaningful learning outcomes.

Table 3. Summarizes the advantages

Advantages Explanation
Enhanced conceptual Metacognitive strategies, such as SRL and cognitively activating instruction, help students develop a
understanding deeper comprehension with regard to physics concepts as well as the ability to connect ideas more

effectively. By encouraging students to determine their own thinking processes, these strategies promote
better comprehension and retention of complex topics.

Improved problem- Metacognitive instruction aids in the development of effective problem-solving skills. Students learn to

solving skills plan, monitor, and evaluate their approach to solving physics problems, leading to more systematic and
successful problem-solving efforts. By reassuring students to monitor their thought processes as well as
evaluate their approaches to problem-solving, metacognition fosters the development of more effective
strategies for tackling complex physics problems.

Increased motivation Incorporating metacognitive strategies can boost students’ motivation and engagement in physics. By

and engagement adopting a sense of autonomy and self-efficacy, students become more invested in their learning process.
Metacognition encourages students to secure ownership of their learning process, which can lead to
higher levels of motivation and engagement in physics activities.

Better academic Metacognitive strategies have been linked to improved academic performance in physics. By helping

performance students develop better study habits and self-assessment skills, these strategies contribute to higher test
scores and overall academic achievement. Those who employ metacognitive strategies tend to perform
better academically, as they are more aware of their learning processes and can adjust their strategies

accordingly.
Reduction of gender Metacognitive instruction can help reduce gender gaps in physics education. By providing equal
gaps opportunities for both boys and girls to develop metacognitive skills, these strategies can level the playing

field and promote gender equity in academic performance. Metacognitive interventions can help address
disparities in self-efficacy and identity in physics, particularly among different genders, potentially
leading to a reduction in the gender gap in physics education.

Improved problem-solving skills were another significant advantage identified in the review.
Metacognitive scaffolding and SRL strategies were shown to enhance students’ ability to plan, monitor, and
evaluate their approaches to solving physics problems [42], [43]. For example, Winarti et al. [43] reported
that problem-solving-based SRL strategies significantly boosted students’ metacognitive abilities, which in
turn improved their problem-solving performance (effect size=0.45). Additionally, Moser et al. [44]
highlighted the value of metacognitive scaffolding during simulation-based learning, which resulted in better
learning outcomes and more systematic problem-solving approaches. These findings align with prior
research, which underscores the importance of metacognitive strategies in equipping students with the tools
to tackle complex physics problems with confidence and competence.

Increased motivation and engagement in physics education were also strongly linked to the
integration of metacognitive strategies. Context-based tasks, cooperative learning techniques, and formative
feedback were particularly effective in fostering student interest and active participation [45]-[47]. For
instance, Pozas et al. [47] found that problem-solving tasks based on real-world contexts significantly
improved students’ situational interest and metacognitive experiences, though the effects varied depending
on the physics topic. Similarly, the jigsaw technique, a form of cooperative learning, was shown to boost
students’ motivation and metacognitive awareness, leading to improved academic performance [29]. These
findings suggest that diverse, interactive, and feedback-rich educational strategies can significantly enhance
student engagement and motivation in physics learning.

Better academic performance was another key outcome associated with metacognitive strategies.
Previous studies [17], [48] demonstrated that direct instruction of metacognitive skills significantly improved
students’ motivation, learning, and ability to transfer knowledge, resulting in higher test scores and overall
academic achievement. For example, study by Abdullah et al. [49] reported that metacognitive knowledge-
based teaching materials used during online learning improved students’ metacognitive analysis skills,
leading to better learning outcomes compared to conventional methods (p<0.01). Additionally, study by
Bogdanovi¢ et al. [18] highlighted the effectiveness of the modified know-want-learn strategy in fostering
deeper understanding and retention of knowledge, particularly in mixed-gender physics classrooms. These
findings underscore the importance of integrating metacognitive instruction into physics education to
enhance students’ academic success [50].
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Finally, the review highlighted the potential of metacognitive strategies to reduce gender gaps in
physics education. Cognitively activating instruction, which includes methods such as metacognitive
questioning and inventing with contrasting cases, was shown to benefit female students with above-average
intelligence, helping to minimize gender disparities in physics achievement [51]. Additionally, Ulu and
Yerdelen-Damar [25] found that while male students scored higher in physics identity and self-efficacy,
interventions aimed at improving self-efficacy among female students could help bridge these gaps. These
findings emphasize the importance of employing instructional strategies that enhance metacognitive skills
and self-efficacy, thereby promoting equity in educational outcomes across genders.

In conclusion, the integration of metacognitive strategies into secondary school physics education
offers significant advantages, including improved conceptual understanding, problem-solving skills,
motivation, academic performance, and gender equity. Compared to previous studies, this review provides a
comprehensive synthesis of these benefits while also highlighting the practical challenges of implementation.
By addressing these challenges and adopting evidence-based metacognitive interventions, educators can
create a more inclusive and effective physics education environment that fosters deeper learning and
equitable outcomes for all students.

3.3. The challenges educators face when integrating metacognitive strategies into secondary school
physics curricula

According to the review papers, five challenges have been identified in the study of metacognition
within secondary school physics education. Table 4 presents a summary of the challenges. Five key
challenges were identified in integrating metacognitive strategies into secondary school physics education:
implementation complexity, time constraints, student resistance, assessment difficulties, and variability in
effectiveness (Table 4). These challenges highlight the complexities of incorporating metacognitive practices
into existing curricula and underscore the need for targeted interventions to address these barriers. For
instance, implementation complexity arises from the need for teachers to be well-trained in cognitively
activating instruction and metacognitive questioning, which require both content expertise and pedagogical
skills [51]. Previous studies [43], [49] emphasize that effective instructional designs must consistently
incorporate metacognitive activities, which can be difficult to implement without adequate support and
training. These findings align with prior research, which highlights the importance of comprehensive teacher
training programs to ensure the successful integration of metacognitive strategies.

Table 4. Summary of the challenges

Challenges Explanation
Implementation Implementing metacognitive strategies effectively requires careful planning and execution. Teachers need to
complexity be well-trained in these strategies and understand how to integrate them into their existing curriculum.

Cognitively activating instruction requires teachers to apply complex methods, which include inventing with
contrasting cases or metacognitive questions, which can be challenging without adequate support and
training. Mandating that teachers possess a thorough grasp of both the content and the metacognitive
processes involved. A need for effective instructional designs that incorporate metacognitive activities,
which can be complex to implement consistently across different teaching contexts.

Time constraints Incorporating metacognitive strategies often requires additional time for activities such as reflection,
self-assessment, and collaborative discussions. This can be difficult to manage within the constraints of a
typical school schedule. The necessity of giving students ample time to explore and develop multiple models
which can be challenging in time-limited classroom settings. The limited time available in the curriculum
makes it essential to balance content coverage with metacognitive instruction.

Student resistance Students may initially resist metacognitive strategies, especially if they are accustomed to more traditional,
teacher-centered approaches. The shift to SRL and metacognitive monitoring can be challenging for students
who are not used to taking an active role in their learning process. Note that the effectiveness of
metacognitive interactions can vary depending on students’ willingness to engage in these practices. This
resistance can stem from a lack of understanding of metacognitive strategies or a preference for more
traditional learning methods.

Assessment Assessing metacognitive skills can be more complex than evaluating traditional academic performance, as

challenges traditional assessment methods may not adequately capture students’ metacognitive awareness and strategies.
Standardized tests may not adequately capture students’ metacognitive abilities, requiring the development of
new assessment tools and methods. There is a need for reliable and valid assessment instruments.

Variability in The effectiveness of metacognitive strategies can vary widely among students, relying on factors such as

effectiveness prior knowledge, motivation, and individual differences in cognitive and metacognitive abilities. Differences
in how students used metacognitive strategies, influenced by intrinsic motivation, gender, and perceived
autonomy support, suggest that a one-size-fits-all approach may be inefficient. Factors that include learning
styles, prior knowledge, and individual differences can influence how well students respond to
metacognitive training, leading to inconsistent outcomes.
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Time constraints are another significant challenge, as incorporating metacognitive strategies often
requires additional time for activities such as reflection, self-assessment, and collaborative discussions. Many
classrooms face limitations in time, making it difficult to balance content coverage with metacognitive
instruction [41]. For example, research by Yerdelen-Damar and Eryilmaz [52] found that integrating
metacognitive instruction with explicit epistemic interventions significantly enhanced students’ conceptual
understanding, but this approach required sufficient time for students to engage deeply with the material. To
address this challenge, educators must find innovative ways to integrate metacognitive strategies within the
limited time available, such as embedding reflective practices into existing lesson plans [18], [40].

Student resistance to metacognitive strategies is another barrier, particularly among those
accustomed to traditional, teacher-centered approaches. Several studies [48], [53] highlight that students’
personal epistemologies, such as their beliefs about knowledge and learning, significantly influence their
willingness to engage in metacognitive practices. For instance, students with rigid or simplistic views about
knowledge may resist questioning and reflecting on their learning processes. Addressing this resistance
requires reshaping students’ epistemological beliefs and enhancing their intrinsic motivation through targeted
interventions. For example, Langdon et al. [50] demonstrated that integrating metacognitive instruction with
efforts to develop students’ understanding of knowledge and learning can create a more receptive
environment for metacognitive practices.

Assessment challenges also pose significant barriers, as traditional methods often fail to capture the
dynamic nature of metacognitive engagement. For example, Pozas et al. [47] found that context-based
problem-solving tasks revealed a decline in students’ interest and perceived accuracy of solutions over time,
suggesting that traditional assessments may not adequately reflect students’ metacognitive processes. To
address this issue, innovative assessment tools are needed to accurately measure students’ metacognitive
skills and their impact on learning outcomes [29], [54]. These tools should account for variables such as
physics topics, individual differences, and the dynamic nature of metacognitive engagement, enabling
educators to better understand and support students’ development.

Variability in the effectiveness of metacognitive strategies highlights the need for personalized
interventions. Previous studies [55], [56] identified differences in how students respond to metacognitive
strategies, influenced by factors such as intrinsic motivation, gender, and perceived autonomy support. For
instance, the results by Molin et al. [46] found that cooperative feedback significantly enhanced
metacognitive skills and motivation for students with initially low metacognitive abilities, while individual
feedback was more beneficial for female students. These findings suggest that a one-size-fits-all approach
may be inefficient, and tailored interventions are necessary to maximize the effectiveness of metacognitive
strategies. By considering individual learner characteristics, educators can design personalized approaches
that address the diverse needs of students and ensure equitable outcomes.

In conclusion, the integration of metacognitive strategies into secondary school physics education
involves several significant challenges, including implementation complexity, time constraints, student
resistance, assessment difficulties, and variability in effectiveness. Addressing these challenges requires
comprehensive teacher training, innovative instructional designs, and the development of reliable assessment
tools. Additionally, personalized interventions that consider individual learner characteristics are essential to
ensure that all students can benefit from metacognitive instruction. By overcoming these barriers, educators
can enhance the effectiveness of metacognitive strategies, ultimately improving students’ conceptual
understanding, motivation, and academic achievement in physics education.

4. CONCLUSION

This systematic review highlights the significant potential of metacognitive strategies to address the
challenges posed by the conceptual complexity of physics education for secondary school students. By
analyzing 25 studies from 2014 to 2024, this review identifies key trends, advantages, and challenges
associated with these strategies. The findings demonstrate that metacognitive strategies significantly enhance
students’ conceptual understanding, problem-solving skills, motivation, engagement, and academic
performance, while also helping to reduce gender gaps. Despite these benefits, challenges such as
implementation complexity, time constraints, student resistance, assessment difficulties, and variability in
effectiveness must be addressed. To maximize the impact of metacognitive strategies in physics education, it
is essential to provide comprehensive teacher training and develop innovative instructional designs. Future
research should focus on creating tailored approaches and developing innovative assessment methods to
optimize the implementation of metacognitive strategies across diverse educational contexts. By doing so,
educators can transform physics education, making it more accessible and equitable for all students,
ultimately leading to improved educational outcomes.

However, the study has several limitations. One of the limitations are the scope of the literature may
affect the representation of each aspect studied, as some relevant literature might have been missed despite
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rigorous search and selection methods. Besides that, there is potential for assessment bias in evaluating the
quality of the included literature, as the assessment remains subjective despite consistent application of
quality criteria. Limited time resources may have impacted the depth of analysis and synthesis also. Future
studies should focus on identifying essential elements that optimize to incorporating metacognitive strategies
into secondary school physics education and examining internal and external influencing factors.

Researchers should also explore the potential impact of metacognitive strategies by focusing on
teaching methods that enhance students’ conceptual understanding, enabling them to grasp physics concepts
more deeply and connect ideas, which leads to better comprehension and retention. This includes selecting
and using suitable instructional models to encourage metacognitive strategies. These findings provide
actionable insights for educators, researchers and policymakers by emphasizing the need for comprehensive
teacher training, innovative instructional designs, and tailored interventions to address implementation
challenges, while also promoting equity in physics education through strategies that reduce gender gaps and
enhance student outcomes.
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