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 Metacognition plays an important role in mathematical literacy 

because it helps students become aware of, monitor, and regulate their 

thinking processes when solving mathematical problems. With good 

metacognitive abilities, students can choose the right strategies, 

evaluate their solution steps, and correct errors to achieve a deeper 

conceptual understanding. This study is a narrative literature study 

that aims to explore the relationship between metacognitive skills and 

mathematical literacy in the context of learning. Literature searches 

were conducted through various databases (Google Scholar, Semantic 

Scholar, ScienceDirect, and Taylor & Francis) with publication 

inclusion criteria for 2016–2025. There were 40 relevant articles 

selected and analyzed. The results of the review show that most 

studies found a positive relationship between metacognition and 

mathematical literacy. Metacognition has been shown to support 

students in planning, monitoring, and evaluating thought processes 

when solving mathematical problems. Thus, metacognitive skills are 

an important foundation in improving concept understanding, 

problem-solving, and overall mathematical literacy. These findings 

confirm the importance of integrating metacognition-based learning 

strategies in mathematics learning design to meet 21st century 

challenges. 
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Introduction 

The modern era, characterized by rapid technological progress, globalization, and the 

complexity of social issues, demands that every individual possess critical thinking skills, 

particularly in mathematical literacy. Mathematical literacy is not only limited to arithmetic 

skills, but mathematical literacy has a very crucial role in everyone's life, because it is related 
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to various daily tasks and activities (Jannah & Hayati, 2024). In addition, mathematical 

literacy also requires individuals to be able to apply the mathematical concepts that have 

been learned in solving life problems (Qoriawati et al., 2021). In the world of education, this 

competency is the main highlight in various global evaluations, such as the Program for 

International Student Assessment (PISA).  

Based on the results of the 2022 Program for International Student Assessment (PISA), 

Indonesia was among the 81 participating countries with a participation rate of 84.9% 

(Febriana et al., 2024). The trend analysis of PISA results indicates that the performance of 

Indonesian students in reading, science, and mathematics has declined over the past few 

decades (OECD, 2023). This condition reflects that the mathematical literacy skills of 

Indonesian students remain relatively low compared to other countries within the OECD. 

Therefore, Indonesia continues to face significant challenges in improving students’ critical 

thinking, problem-solving, and reflective thinking skills in mathematics. 

 

The importance of mathematical literacy skills is taught so that students can use their 

mathematical knowledge in overcoming daily life problems (Qoriawati et al., 2021), starting 

from financial decision-making, data interpretation in the media, to understanding risks and 

opportunities in the field of public health. Mathematical literacy skills play a crucial role as 

a provision to face various challenges in the future, especially in the 21st century and in the 

era of disruption like today (Janah et al., 2019)  

Mathematical literacy is influenced by various factors, including the individual's 

metacognitive awareness of mathematical knowledge that has been mastered and areas that 

still need development (Wati & Suendarti, 2020) This awareness includes two main aspects: 

(1) mastery of basic mathematical concepts, and (2) motivation to continue expanding 

mathematical understanding. Furthermore, this mathematical awareness facilitates the 

application of mathematics in real-life contexts, both for daily activities and practical 

problem solving (Walida et al., 2024) According to Rosita et al., (2021) metacognition refers 

to an individual's awareness of his or her own thought process. This metacognitive ability 

turns out to play an important role in problem solving, where students who master it show 

better performance in solving various problems and achieving optimal results (Zulfayanto et 

al., 2021). 

According to (Febrina & Mukhidin, 2019) metacognition can be described as an 

individual’s capacity to recognize and reflect upon the processes of thinking, learning, and 

processing information, as well as to monitor and regulate the cognitive activities they 

perform. Metaxonym helps identify the extent to which students are aware of their thinking 

processes, ability to evaluate understanding, and the ability to monitor their own learning 

progress (Faradiba et al., 2019). Flavell says that metacognition is referred to as "the process 

of thinking to think" (Januarti et al., 2022). In practice, metacognition encompasses two main 

components, namely knowledge and metacognitive skills. Metacognitive knowledge is an 

understanding of cognition in general and awareness of personal cognition, while 

metacognitive skills include an individual's ability to plan, monitor development, and 

observe the learning process (Saiful et al., 2020) Metacognition knowledge related to 

learning strategies will influence students in planning how to solve problems, as well as 

choosing the right strategy to solve a problem. This will involve and build relationships 

between the use of previous knowledge and current knowledge (Zhang & Lian, 2024). 

Various studies show a positive relationship between metacognition and mathematical 

achievement (Kathayat, 2024; William & Maat 2020). A number of studies show that 

students who are able to apply metacognitive skills in solving mathematical problems tend 
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to experience increased mathematics learning achievement (Nirfayanti & Erna, 2021) 

However, there have not been many studies that explicitly link the role of metacognition in 

shaping mathematical literacy, especially in the context of secondary education in various 

developing countries.  

Based on the above description, it can be seen that metacognitive skills play an 

important role in helping students develop their mathematical literacy abilities. However, 

there is still a limited number of studies that comprehensively examine the relationship 

between metacognition and mathematical literacy, particularly in the context of secondary 

education in developing countries such as Indonesia. The novelty of this research lies in the 

systematic analysis of forty scientific articles published between 2016 and 2025 to identify 

patterns, findings, and future directions of research concerning the relationship between 

metacognition and mathematical literacy. Thus, this study provides a significant contribution 

to mathematics education, both theoretically and practically. Theoretically, it broadens the 

understanding of how metacognitive awareness and skills serve as the foundation for 

building strong mathematical literacy. Practically, the results of this study are expected to 

serve as a basis for educators and curriculum developers to design metacognition-based 

learning strategies that can enhance students’ critical, reflective, and problem-solving 

abilities in the context of 21st-century mathematics learning.  

Method 

This research is included in the category of literature studies with a narrative approach. 

The articles studied in this study were obtained through searches on various scientific 

databases, including: Google Scholar, Semantic Scholar, ScienceDirect, and Taylor & 

Francis. The keywords used in the literature search include: Metacognition, Math Literacy, 

Math Learning, Learning Achievement, and Thinking strategies. The literature analyzed 

consisted of a number of articles that fit the inclusion and exclusion criteria, namely: 1) 

Published literature period from 2016-2025; 2) All literature used can be accessed in full text 

form; 3) Literature on the influence of metacognition on mathematical literacy 

The initial stage of article screening was carried out using the filtering features available 

on each database, based on the predetermined inclusion and exclusion criteria. Based on the 

search results from several academic databases Google Scholar, Semantic Scholar, 

ScienceDirect, and Taylor & Francis a total of 5,510 articles were identified as relevant to 

the selected keywords. These articles were then filtered by publication year (2016–2025), 

resulting in 4,651 articles that met the temporal criteria of the study. Among these, several 

articles were identified as duplicates across databases and subsequently removed from the 

list. 

Articles that passed this stage were then screened through three phases, namely based 

on the title, abstract, and full text. The selection process began by reviewing the titles of the 

articles. Articles deemed relevant were downloaded, and their citations were organized using 

the Mendeley reference management application. Subsequently, the articles were reviewed 

again to ensure that no additional duplicates remained. The next stage involved examining 

the abstracts of each article to evaluate their alignment with the established inclusion and 

exclusion criteria. After completing all stages of selection, 40 articles were found to meet 

the criteria and were included as the primary sources for analysis in this literature study. 

Data processing is carried out by extracting data into a research matrix including: author 

name, year of publication, research title, and research conclusion. The data were then 
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analyzed regarding the similarities, differences, disadvantages and advantages in each study 

to reach conclusions about the influence of metacognition on Mathematics literacy. The flow 

of literature identification process are described on the Figure 1. 

 

 
Figure 1. Flow of Literature Identification Process 

Results and Discussion 

This section presents the results and discussion of the literature review on metacognition 

in mathematical literacy, focusing on the analysis of key findings from various previous 

studies, as summarized in the following table. This study aims to identify how the role of 

metacognition influences mathematical literacy skills, the strategies students use in problem-

solving, and its implications for the mathematics learning process. Thru a comparative 

analysis of several relevant articles (Table 1), this section also highlights current research 

trends, existing gaps, and future research directions related to strengthening metacognitive 

aspects in mathematics learning. 

Table 1. Matrix Table 

No Author/Year Title Reserch Conclusion 
Source / 

Database 

1 (Setiawan & 

Dores, 2019a) 

Pengembangan Bahan Ajar 

Berbasis Keterampilan 

Metakognisi Dalam Upaya 
Meningkatkan Kemampuan 

Literasi Matematis Mahasiswa 

Metacognition skills play a significant 

role in improving students' mathematical 

literacy skills. 

Semantic 

Scholar 

2 (Cahyani et al., 

2022) 

Kemampuan Literasi Matematika 

Siswa Dalam Memecahkan Soal 
Timms Konten Aljabar Ditinjau 

Dari Pengetahuan Metakognitif 

The level and type of metacognition 

greatly affect students' mathematical 
literacy abilities. 

Google 

Scholar 

3 (Yani T et al., 

2024) 

Penerapan Model Reciprocal 

Teaching Dengan Pendekatan 
Metakognitif Untuk 

Meningkatkan Kemampuan 

Literasi Matematis Mahasiswa 

The metacognitive approach has a 

positive influence on improving 
students' mathematical literacy skills. 

Google 

Scholar 
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4 (Walida et al., 
2024) 

Kemampuan Literasi Matematika 
Siswa Dalam Menyelesaikan 

Masalah Trigonometri 

The higher and more diverse the 
metacognitive abilities a person has, 

especially in procedural and evaluative 

aspects, the higher the mathematical 

literacy ability that can be shown. 

Google 
scholar 

5 (Wati & 

Suendarti, 2020) 

Pengaruh Metakognisi Dan 

Disposisi Matematik Terhadap 

Literasi Matematika (Survei 

Pada Sma Negeri di Kota 
Tangerang) 

There is a correlation between 

metacognition and mathematical 

literacy 

 

Google 

Scholar 

6 (Setiawan & 

Dores, 2019b) 

Peran Keterampilan Metakognisi 

Terhadap Peningkatan 

Kemampuan Literasi Matematis 
Mahasiswa 

There was an increase in students' 

mathematical literacy skills after 

involving metacognition skills. A 
moderate contribution was made 

between metacognition skills in 

improving students' mathematical 

literacy skills 

Google 

Scholar 

7 (Rahmanuri et 

al., 2023) 

Faktor-Faktor Yang 

Memengaruhi Literasi 

Matematika: Systematic 

Literature Review 

Mathematical literacy is related to 

metacognition. This metacognition 

awareness can manifest students' 

positive tendencies towards 
mathematics. 

Google 

Scholar 

8 (Laamena & 

Laurens, 2021) 

Mathematical Literacy Ability 

and Metacognitive 

Characteristics of Mathematics 
Pre-Service Teacher 

There is a close relationship between 

metacognitive skills and mathematical 

literacy abilities in prospective 
mathematics teachers 

Google 

Scholar 

9 (Hidayat et al., 

2021) 

Analysis Of Mathematics 

Literacy Ability Observed from 

Metacognition in Learning 
Realistic Synectics Assisted by 

Schoology 

Metacognition has a significant 

influence on students' mathematical 

literacy skills. 

Google 

Scholar 

10 (Rohmah & 

Ubaidah, 2025) 

Examination Of Student’s 

Mathematical Literacy in Solving 
Pisa Questions on Space and 

Shape Content in Terms of 

Metacognitive Awareness 

Metacognitive awareness has a 

significant influence on students' 
mathematical literacy skills 

Semantic 

Scholar 

11 (Ovan & 
Nugroho, 2017) 

Analisis Kemampuan Literasi 
Matematika Ditinjau Dari 

Metakognisi Siswa Pada Model 

Pisa-Cps 

Students' metacognition affects students' 
literacy abilities 

Semantic 
Scholar 

12 (Hidayat et al., 
2019) 

Analisis Kemampuan Literasi 
Matematika Ditinjau Dari 

Metakognisi Siswa Dalam 

Pembelajaran Synectics 

Berbantuan Schoology 

There is a relationship between literacy 
and metacognition 

Semantic 
Scholar 

13 (Diyarko & 

Waluya, 2016) 

Metakognisi Dalam 

Pembelajaran Inkuiri 

Berbantuan Lembar Kerja 

Mandiri Maliling Marge 

There is a relationship between 

improving students' metacognition 

which has an impact on students' 

mathematical literacy 

Google 

Scholar 

14 (Wahyuningsih 

& Waluya, 

2017) 

Kemampuan Literasi Matematika 

Berdasarkan Metakognisi Siswa 

Pada Pembelajaran Cmp 

Berbantuan One Class Notebook 

Students' increased literacy skills will 

also improve students' metacognition 

 

 

Google 

Scholar 

 

15 (Setiawan & 

Dores, 2019c) 

Meningkatkan Kemampuan 

Literasi Matematis Mahasiswa 

Melalui Bahan Ajar Berbasis 
Keterampilan Metakognisi 

There was an increase in students' 

mathematical literacy skills after the 

implementation of learning with 
teaching materials based on 

metacognition skills 

Google 

Scholar 

 

16 (Setia & 

Rahmat, 2022) 

Analisis Pemahaman Konsep 

Matematis Ditinjau Dari 
Metakognisi 

There is a relationship between students' 

metacognition abilities and concept 
comprehension which is part of literacy 

Google 

Scholar 

17 (Smith & 

Mancy, 2018) 

Exploring The Relationship 

Between Metacognitive and 

Collaborative discussions can be the 

main trigger for the emergence of 

Taylor & 

Francis 
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Collaborative Talk During Group 
Mathematical Problem-Solving – 

What Do We Mean by 

Collaborative Metacognition? 

metacognitive reflection in literacy in 
mathematical problem solving. 

18 (Ahadi et al., 
2021) 

Mathematical Literacy Reviewed 
from Student’s Metacognition on 

the PJBL Learning with RME 

Approach Assisted Edmodo 

The higher the student's metacognition 
ability, the higher the mathematical 

literacy ability. 

 

Semantic 
Sholar 

19 (Salsabila et al., 
2019) 

Analysis Of Mathematical 
Literacy on Students’ 

Metacognition in Conic Section 

Material 

Metacognitive abilities have a great 
influence on students' mathematical 

literacy 

Google 
Scholar 

 

20 (Izzati & 
Mahmudi, 2018) 

The Influence of Metacognition 
in Mathematical Problem Solving 

The higher the metacognition a student 
has, the better the math problem solving 

that students can do 

Google 
Scholar 

21 (William & 

Maat, 2020) 

Understanding Students’ 

Metacognition in Mathematics 
Problem Solving: A Systematic 

Review 

Metacognition proves to be beneficial 

When solving math problems 
 

Semantic 

Scholar 

22 (Güner & Erbay, 

2021) 

Metacognitive Skills and 

Problem-Solving 

Metacognitive skills have a significant 

influence on students' success in solving 
problems included in literacy 

Google 

Scholar 

23 (Sutama et al., 

2021) 

Metacognition of Junior High 

School Students in Mathematics 

Problem Solving Based on 
Cognitive Style 

Students who have a field-independent 

cognitive style show high confidence 

and problem-solving abilities. 

Semantic 

Scholar 

24 (Desoete & De 

Craene, 2019) 

Metacognition and Mathematics 

Education: An Overview 

Metacognition is an important predictor 

of mathematical performance. Many 

studies in this article show that 
metacognitive abilities are positively 

correlated with the mathematical 

achievement of students of various 

educational levels. 

Google 

Scholar 

25 (Alzahrani, 

2021) 

Metacognition And Its Role in 

Mathematics Learning: An 

Exploration of the Perceptions of 

a Teacher and Students in a 
Secondary School 

Metacognition must be prioritized to 

increase students' awareness of the 

learning process. This is because 

conscious reflection allows students to 
develop the ability to choose the most 

appropriate strategies to learn concepts 

and solve mathematical problems 

Google 

Scholar 

26 (Siagian et al., 
2019) 

Development Of Learning 
Materials Oriented on Problem-

Based Learning Model to 

Improve Students’ Mathematical 

Problem-Solving Ability and 
Metacognition Ability 

Students' mathematical problem-solving 
skills and metacognition skills improved 

after learning using PBL teaching 

materials 

 

Semantic 
Scholar 

27 (Jagals & Van 

Der Walt, 2016) 

Enabling Metacognitive Skills for 

Mathematics Problem Solving: A 

Collective Case Study of 
Metacognitive Reflection and 

Awareness 

Metacognitive reflection is essential in 

solving mathematical problems. 

Reflection on the thought process helps 
students become more aware of how 

they think and act while solving math 

problems, especially non-routine ones. 

Taylor & 

Francis 

28 (Kuzle, 2018) Assessing Metacognition of 
Grade 2 And Grade 4 Students 

Using an Adaptation of Multi-

Method Interview Approach 
During Mathematics Problem-

Solving 

Metacognition plays an important role in 
improving students' math skills, 

especially in problem solving 

Google 
Scholar 

29 (López-Vargas 

et al., 2017) 

Students’ Metacognition and 

Cognitive Style and Their Effect 
on Cognitive Load And Learning 

Achievement 

The application of metacognitive 

scaffolding in computer-based learning 
has been shown to significantly improve 

student learning achievement and lower 

cognitive load (intrinsic and extrinsic). 

Semantic 

Scholar 
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30 (Bishara & 
Kaplan, 2018) 

The Relationship of Locus of 
Control and Metacognitive 

Knowledge of Math with Math 

Achievements 

The use of metacognitive knowledge 
improves mathematical achievement 

and mediates the relationship between 

internal locus of control and learning 

outcomes, so metacognitive training is 
effective in improving student 

achievement. 

Taylor & 
Francis 

31 (Ajisuksmo & 

Saputri, 2017) 

The Influence of Attitudes 

Towards Mathematics, and 
Metacognitive Awareness on 

Mathematics Achievements 

Positive attitudes towards mathematics 

have a significant effect on learning 
achievement, whereas metacognitive 

awareness does not show a significant 

influence. 

Google 

Scholar 

32 (Gaylo & Dales, 
2017) 

Metacognitive Strategies: Their 
Effects on Students’ Academic 

Achievement and Engagement in 

Mathematics 

Metacognitive strategies are effective in 
improving students' math achievement 

and are closely related to their 

involvement in learning. 

Semantic 
Scholar 

33 (Toraman et al., 
2020) 

Analysis Of the Relationships 
Between Mathematics 

Achievement, Reflective 

Thinking of Problem Solving and 

Metacognitive Awareness 

Metacognitive awareness and reflective 
thinking have been shown to 

significantly improve students' 

mathematics learning achievement. 

Google 
Scholar 

34 (Buzzai et al., 

2020) 

The Relationship Between 

Mathematical Achievement, 

Mathematical Anxiety, 

Perfectionism and Metacognitive 
Abilities in Italian Students 

Metacognitive abilities such as attitudes 

towards math, beliefs, and control in 

solving problems significantly improve 

math achievement.  

Google 

Scholar 

35 (Su et al., 

2016) 

Mathematical Teaching 

Strategies: Pathways To Critical 

Thinking and Metacognition 

Mathematics learning based on 

metacognition and critical thinking is 

effective in increasing students' 
reasoning, reflection, and independence 

in solving problems. 

Google 

Scholar 

36 (Amal & 

Mahmudi, 

2020) 

Enhancing Students’ Self-

Efficacy Through Metacognitive 
Strategies in Learning 

Mathematics 

Metacognition strategies have a 

significant role in improving students' 
self-efficacy and learning achievement 

in mathematics learning. 

Semantic 

Scholar 

37 (Salam et al., 

2020) 

Strategies Of Metacognition 

Based on Behaviorual Learning 
to Improve Metacognition 

Awareness and Mathematics 

Ability of Students 

The results of metacognition awareness 

in mathematics education through 
behavior-based metacognition strategies 

can be increased 

Google 

Scholar 

38 (Albab et al., 

2020) 

Metacognition Skills and Higher 
Order Thinking Skills (Hots) In 

Mathematics 

Metacognitive skills have a significant 
effect on the higher-level thinking 

ability (HOTS) of mathematics students, 

with the greatest contribution coming 

from the aspect of self-regulation 

Google 
Scholar 

39 (Özkubat & 

Özmen, 2020) 

Investigation Of Effects of 

Cognitive Strategies and 

Metacognitive Functions on 

Mathematical Problem solving 
Performance of Students with or 

Without Learning Disabilities 

Metacognitive strategies are 

consistently the main predictors in 

improving the math problem-solving 

performance of students, both those who 
have learning difficulties and those who 

perform average or low 

Semantic 

Scholar 

40 (Ansari et al., 

2021) 

Exploring Students’ Learning 

Strategies and Self-Regulated 
Learning in Solving 

Mathematical Higher-Order 

Thinking Problems 

Metacognition-based learning 

strategies, especially elaboration and 
organization, have proven to be effective 

in helping students better understand and 

solve HOTS math problems. 

Semantic 

Scholar 

After analyzing 40 relevant studies, substantial evidence indicates a positive link 

between metacognitive abilities and mathematical literacy. The literature review reveals that 

the majority of research highlights the crucial role of metacognitive abilities in enhancing 

mathematical comprehension, facilitating problem-solving, and attaining improved learning 

outcomes. 
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A total of 35 out of 40 articles explicitly stated that metacognition makes a significant 

contribution to improving mathematical literacy. For example, research by Setiawan & 

Dores (2019) and Yani T et al. (2024) shows that metacognition-based learning strategies 

consistently improve students' mathematical literacy. Meanwhile, studies by Wati & 

Suendarti (2020) and Walida et al. (2024) confirm a strong correlation between 

metacognitive awareness and the ability to apply mathematics in real-life contexts. 

These findings indicate that metacognitive awareness is not merely an additional factor, 

but rather the main mechanism in the formation of mathematical literacy. This result is 

consistent with the theory, which states that metacognition involves the ability to plan, 

monitor, and evaluate one’s thinking processes three essential components in solving 

mathematical problems reflectively (Ozturk, 2017). Similarly, William & Maat (2020) assert 

that students with high metacognitive abilities are able to identify errors and adjust their 

problem-solving strategies, leading to a more meaningful understanding of mathematical 

concepts. 

Furthermore, when viewed from a learning approach perspective, most studies highlight 

the effectiveness of strategies that integrate reflective and self-regulatory activities, such as 

reciprocal teaching and project-based learning. These strategies have been proven to 

stimulate higher-order thinking processes and increase student engagement in learning 

(Ahadi et al., 2021; Yani T et al., 2024). This suggests that improving mathematical literacy 

does not rely solely on content mastery, but also on the extent to which students can manage 

their own thinking processes during learning.  

However, differences in findings reported by some studies, such as Ajisuksmo & Saputri 

(2017), show that the influence of metacognition on mathematical literacy may vary 

depending on the learning context and student characteristics. Factors such as motivation, 

cognitive style, and learning environment support can strengthen or weaken the 

metacognitive effect on literacy achievement. Therefore, the implementation of 

metacognition-based strategies should be adapted to classroom conditions and student 

characteristics to achieve optimal results. 

The study also highlights the importance of learning approaches that integrate 

metacognitive strategies, such as reciprocal teaching, project-based learning, and the use of 

digital platforms like Schoology and Edmodo, which have been proven to enhance students’ 

mathematical literacy skills. For instance, Yani T et al., (2024) demonstrated that the 

implementation of the reciprocal teaching model with a metacognitive approach 

significantly improved students’ mathematical literacy. Similarly, Ahadi et al., (2021), found 

that project-based learning based on Realistic Mathematics Education (RME) assisted by 

Edmodo effectively strengthened student engagement and enhanced metacognitive 

effectiveness. In addition, Hidayat et al., (2019) emphasized that the use of the digital 

platform Schoology in Synectic’s-based learning had a positive impact on improving 

students’ mathematical literacy and metacognitive awareness. Therefore, the integration of 

metacognition-based learning strategies through innovative approaches and digital 

technology utilization serves as an effective way to strengthen students’ mathematical 

literacy skills. 

Thus, it can be concluded that metacognition is not only a supporting factor, but an 

important foundation in building a complete mathematical literacy. The results of this review 

reinforce the urgency of integrating metacognitive skills in mathematics learning design, 

especially to prepare students for the challenges of the 21st century. 
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Conclusion 

From the review of 40 relevant articles, the evidence suggests that metacognitive skills 

play a notable role in the advancement of mathematical literacy. Individuals who have 

awareness and control over their thought processes tend to be better able to understand 

mathematical concepts in depth, apply them in real contexts, and solve mathematical 

problems effectively. These findings confirm that metacognition is not only a supporting 

factor, but is an essential component in forming robust mathematical literacy. Therefore, it 

is important to integrate metacognition-based learning strategies in mathematics instruction, 

both through direct approaches such as reciprocal teaching and project-based learning, and 

through the use of technology. Furthermore, future research is recommended to explore more 

deeply the role of metacognition in enhancing mathematical literacy across various 

educational levels and contexts. 
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