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Abstract: This study aims to investigate the thinking process of primary school students when
solving mathematical problems. It used a qualitative case study approach. The researcher ad-
ministered a metacognitive test to 30 fifth-grade students in Yogyakarta and selected three focal
participants based on their performance in planning, monitoring, and evaluating metacognitive
problem-solving indicators. Data were collected through students' metacognitive problem-
solving tasks and interviews, employing mathematical metacognitive capability tests and semi-
structured interview guidelines. After students completed the given problems, cognitive inter-
views were conducted to capture their thinking processes during problem-solving. These inter-
views were conducted individually, involving only the researcher and the participant. The re-
searcher employed cross-sectional data analysis and focus group discussions (FGDs) to ensure
data validity. The results indicate that students exhibit two distinct thinking processes when solv-
ing complex mathematical problems. Students undergo metacognitive thinking processes in
problem-solving, which can result in either correct or incorrect answers. Students with high
metacognitive abilities demonstrate effective use of metacognitive skills, as evidenced by clear
and structured problem-solving strategies. Conversely, those with low metacognitive abilities
struggle to apply these skills effectively.

Keywords: metacognitive, problem-solving, indicator metacognitive, thinking process,
mathematics

INTRODUCTION

Mathematics is fundamental in primary education and the foundation of scientific disciplines. It
cultivates creative, logical, rational, critical, and systematic thinking through interconnected con-
cepts. As a core curriculum component, mathematics enhances students' ability to analyze phe-
nomena logically and achieve their educational goals (Bature & Atweh, 2016; Milovanovic et al.,
2013; Mwakapenda, 2004). According to the 2018 PISA, Indonesia ranked 72" out of 78 coun-
tries, indicating a weak mathematical performance. Similarly, the 2022 results indicate that In-

donesian students perform significantly below average in reading, mathematics, and science
(OECD, 2023).
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Mathematics is fundamental across scientific disciplines, fostering creativity, logic, reasoning,
critical thinking, and analytical skills (Skemp, 1971; Suneetha et al., 2011). However, the math-
ematics study often misrepresents problem-solving methods, a phenomenon known as cognitive
conflict (Madu & Orji, 2015; Obreque & Andalon, 2021; Radovic S. & Pampaka, 2023). The
Fourth Industrial Revolution and 21%-century demands require skill development within a new
framework (Siregar et al., 2020). Technological advancements necessitate adapting cognitive
processes to evolving complexities. Children exhibit diverse traits, including difficulties in math-
ematics, which may indicate cognitive limitations.

Engaging in metacognitive thinking processes enhances students' metacognitive skills, enabling
faster information acquisition and retention, which supports their academic and professional
growth (Schunk, 2012). The importance of metacognition is particularly pronounced among pri-
mary students (Bogdanovi¢ et al., 2015; Hoffman & Spatariu, 2008). Metacognitive capacity is
essential in learning, allowing students to regulate cognitive processes, refine strategies, and
identify strengths and areas for improvement (Bagci & Unveren, 2020). All learners can engage
in metacognition, enabling them to reflect on their learning, reading, and skill development.
Metacognition includes key skills for education and professional settings. Objective assessment
measures are crucial for effective diagnosis and intervention (Castillo Diaz & Gomes, 2021).

Student metacognition remains underdeveloped, especially in mathematics education. Key com-
ponents are required to strengthen cognitive skills and academic performance (Branigan, 2019;
Tandean et al., 2020; Yilmaz et al., 2010). Metacognitive proficiency is a key predictor of aca-
demic success, fostering learning and advanced cognitive abilities (Kent, 2022). Metacognition is
a higher-order thinking skill involving planning, monitoring, and evaluating of cognitive pro-
cesses (Flavell, 1976, Karaali, 2015). Metacognition involves three key activities: planning,
monitoring, and evaluation (Bakkaloglu, 2020; Gusmao & Moll, 2022). Table 1 below presents
the result of studies on low metacognitive abilities in Indonesia.

Studies

Findings

Evidence

Anjelina et al., (2020)

Most students achieved the planning indi-
cator of metacognitive abilities but not for
monitoring and evaluation.

A descriptive analysis of 28 students
in Banda Aceh showed partial
achievement in metacognitive indica-
tors.

OECD (2023)

Metacognition positively influences math-
ematics achievement, but overall achieve-
ment remains low

Analysis of the 2022 PISA data indi-
cated that higher metacognition cor-
relates with better math achievement.

Aminah et al., (2018)

Metacognitive teaching-learning (MTL)
improved self-regulated learning but insig-
nificant in logical thinking.

Quasi-experiment with 7- tenth-grade
students in Sumedang showed low
scores in logical thinking despite
MTL.

Supriatna et al.,
(2019)

Higher learning methods improved prob-
lem-solving skills, but overall skills remain
low.

ANOVA analysis of the fifth-grade
students in West Kalimantan indicat-
ed better skills with advanced meth-
ods

Table 1: Study data on metacognitive abilities in Indonesia.
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Table 1 indicates that students' metacognitive skills in mathematical problem-solving remain
low. Therefore, these skills should be improved early in primary school to help students increase
their problem-solving skills, academic achievement, critical thinking skills, and self-confidence.
Research shows that metacognitive abilities develop with age and are shaped by multiple factors
(Kennedy et al., 2008). Metacognition typically emerges around age eight, aligning with elemen-
tary school years (Kent, 2022; Tandean et al., 2020). Introducing metacognitive concepts early is
vital for effective knowledge management. Therefore, exploring methods to develop children's
metacognitive skills in early self-directed learning is essential (Khan, 2015). Exploring strategies
to foster metacognitive approaches in elementary students is essential (Duman & Semerci, 2019).
Early engagement in metacognitive activities enhances students' metacognitive skills. Conse-
quently, many developing countries, including Indonesia, have integrated metacognitive ele-
ments into competency standards for elementary graduates. Student awareness progresses
through four levels: tactical, aware, strategic, and perceptive (Schraw et al., 2006). As a core
subject, mathematics fosters higher-order thinking by promoting cognitive regulation and reason-
ing (Kennedy et al., 2008; Khan, 2015).

Previous research, especially in Indonesia, indicates that learners' abilities remain insufficient
(Hastuti et al., 2020). Even among highly capable elementary school educators, performance re-
mains below standard (Wilhelmi et al., 2021). This gap is significant, as metacognitive activity is
a key indicator of cognitive development and academic motivation (Schneider & Artelt, 2010).
Insufficient metacognitive skills in early education can negatively impact students' abilities in
higher education, making early intervention essential (Schneider & Lockl, 2002). Metacognition
is crucial for mathematical problem-solving at all educational levels, and its absence hinders rea-
soning and cognitive processes. Research indicates that students often struggle to achieve desired
success rates in problem-solving due to weak metacognitive skills (Alzahrani, 2017; Bakkaloglu,
2020; Ozsoy & Ataman, 2009). The literature highlights metacognition as a critical factor in aca-
demic success (Desoete, 2001), with strong correlations between cognitive processes, problem-
solving skills, and metacognition. Students with well-developed metacognitive abilities tend to
perform better in problem-solving tasks (Ozsoy & Ataman, 2009). Understanding cognitive pro-
cesses enhances strategic thinking and academic performance.

Students' low metacognitive skills partly originate from teacher-centered learning activities em-
phasizing cognitive aspects over active engagement (Hastuti et al., 2020). Routine tasks that lack
authentic problem-solving opportunities further hinder the development of higher-order thinking
skills. Such approaches encourage passive learning, limiting students' metacognitive engagement
(Veenman et al., 2006). As a result, students often struggle to reflect on and assess their cogni-
tive understanding (Desoete, 2001). Metacognition is closely linked to problem-solving and is
most evident when individuals face unfamiliar challenges, uncertainties, or dilemmas (Du Toit &
Kotze, 2009).

These challenges are primarily classroom-related. Research shows that students across Indonesia
continue to face educational disadvantages (Akshay et al., 2021). They encounter obstacles in
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learning, which can be both engaging and tedious, often due to difficulties in understanding es-
sential concepts (Anintia et al., 2017). Additionally, limited prior knowledge contributes to low
metacognitive capacity, poor information organization, uncertainty in strategy use, ineffective
learning methods, and difficulty applying previously acquired knowledge (Shamir et al., 2008).

Students with low metacognitive abilities are often unable to solve mathematical problems
effectively. This happened due to students being faced with difficult tasks and require critical
thinking ability or unreadily available answers, they tend to be lazy about them. Even if students
can work on the problems correctly, they fail to solve daily life problems (Martinez Zarzuelo et
al., 2020; Peake et al., 2021). Students have difficulty understanding a problem, such as what is
known, the underlying issues, and what strategies must be used to solve contextual problems
(Dixon, 2017; Komalasari, 2009; Yansen et al., 2019). The student's lack of ability to monitor his
or her learning purposes (Karakoc, 2016). Students never plan the time to be used to complete
the tasks given by the teacher, so students feel the need for time.

Metacognitive development can enhance students’ self-literacy, thereby increasing their motiva-
tion to learn (Bandura, 1997; Oliveira et al., 2022; Wang et al., 2017). A good study skill can be-
come a thinking habit applied in a wide range of contexts (Pratiwi et al., 2019). Critical and
reflective problem-solving and decision-making skills are essential for students, as they enhance
self-regulation in the learning process, increase motivation, and support emotional management
even in challenging situations. These competencies also enable students to navigate complex
issues, resolve conflicts, and become active learners capable of thinking critically, reflecting
deeply, solving problems effectively, and making informed decisions (Denizli & Erdogan, 2018;
Gambrill & Gibbs, 2009; Wallace, 2015). Research shows that good metacognition will enable
students to solve problems appropriately (Adnyani, 2020).

Research indicates that metacognitive experience enhances students' understanding of
knowledge. Students with strong metacognitive skills demonstrate superior critical thinking,
problem-solving, and decision-making skills (Adnyani, 2020; Fajari et al., 2020). Individuals
with more complex cognitive processes tend to possess stronger metacognitive skills (Duman &
Semerci, 2019). Students who receive metacognitive instruction learn more effectively than
those who do not (O’Neil & Brown, 1997). Additionally, metacognitive abilities help students
recognize and correct mistakes, evaluate their work, and assess the effectiveness of different
learning strategies.

Metacognitive thinking enhances learning ability and influences task completion in the learning
process (Cafiada & Arumi, 2012). It also impacts students' academic performance. Therefore, in-
tegrating metacognitive skills into classroom activities and curricula at all educational levels is
essential (Farida Jamil et al., 2023). Metacognitive skills can be taught and developed. This study
examines elementary school students' thinking processes in mathematical problem-solving and
project-based learning.
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Figure 1: Diagram of the Metacognitive Thinking Trajectory

The metacognitive thinking trajectory in mathematical problem-solving involves a series of in-
terconnected cognitive processes that enhance reasoning and self-regulation. This trajectory be-
gins with a thorough problem analysis, followed by identifying relevant concepts and strategies
(Flavell, 1979). In the evaluation phase, students critically assess the feasibility and accuracy of
their approaches before applying them. Next, they engage in a structured planning phase, outlin-
ing their steps toward a solution, and then moving to the monitoring phase, where they track their
progress and make necessary adjustments. Finally, during the evaluation stage, students carefully
review the entire process to ensure accuracy and effectiveness. This systematic approach en-
hances cognitive regulation and problem-solving skills while fostering critical thinking, ultimate-
ly promoting independent learning in mathematics. The selection of this context is based on re-
sults of FGD with primary students in Yogyakarta to explore their thinking processes and meta-
cognition. Considering primary school students' low metacognitive ability to solve math prob-
lems, this study aims to investigate their thinking processes when solving mathematical prob-
lems. The research question is: How does the exploration of primary school students' metacogni-
tive thinking process in solving problems?

THEORETICAL FRAMEWORK
Metacognition

Metacognition involves planning, monitoring, and reflecting on problem-solving processes (Al-
zahrani, 2017). It encompasses knowledge, experiences, goals, and strategies (Flavell, 1979) en-
abling individuals to reflect on, understand, and regulate their learning (Cahayasti & Indrasari,
2018). Metacognition includes self-reflection on strengths, weaknesses, and learning strategies
(Anggo et al., 2015). It is a cognitive tool that enhances problem-solving, decision-making, criti-
cal thinking, and creativity, ultimately improving learning outcomes (Hendriana et al., 2020; Ka-
rakoc, 2016; Wallace, 2015). Closely linked to cognitive control and higher-order thinking, met-
acognition fosters self-regulated learning (Prabawanto, 2019). It allows individuals to manage
cognition effectively, assess challenges, evaluate their understanding, utilize information to
achieve goals, and track progress (Schneider & Artelt, 2010b).

Metacognitive thinking ability primarily involves metacognitive regulation, which is essential for
self-directed learning and influences actions during the learning process (Schraw et al., 2006;
Whitebread et al., 2009). It encompasses planning, monitoring, and evaluation (Schraw et al.,
2006), each with multiple components. Figure 2 provides a detailed overview of these aspects.
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Figure 2. Metacognitive Thinking Process Scheme

Description

Operational

Planning A systematic preparation of activities
that will be done to achieve a specific
goal. Select the right strategy, the pur-
pose, and the allocation time. Planning
involves a strategic approach to the

source of data location.

Planning is a way of thinking about problems.
Planning is always future-oriented.

Planning takes note of the relationship between
achieving goals and decision-making, and planning
presents comprehensive policies and programs.

Monitoring A regular process of data collection and
measurement of progress over the objec-
tive of the program and monitoring the
changes that focus on the process and

output.

Students’ acquired ability in carrying out
an action. These abilities are periodic

Compliance monitoring works to ensure expecta-
tions/plans. The spectacle monitoring serves to assess
the organization's progress based on the achievement
of the expected target.

Typically, the output of monitoring is a progress re-
port. Such output is described in both descriptive and
non-descriptive terms. The output monitoring is to
know if the corresponding process is already in place.
The output monitoring is useful in repairing the moni-
toring process/activity mechanisms.

Evaluation Activities to gather and provide infor-
mation for the decision-maker. Assess-
ment of results and efficiency in a stu-
dent's learning ability and the process of
student learning. Conducting review and

revise purposes.

Selection, collecting, analysis, and presentation of in-
formation that can be used as a basis for decision-
making and subsequent compiling of programs

57

Table 2. Metacognitive Thinking Process

Measuring Metacognitive Thinking Capacity

Positive thinking capacity can be measured through tests, observations, and questionnaires, in-
cluding reflective assessment, which evaluates metacognitive thinking ability. Reflective ap-
praisal is a metacognitive process, and individuals with advanced reflective assessment skills
tend to be better learners (Gravill et al., 2009; Van Opstal & Daubenmire, 2015). This formative
approach places students at the center of assessment practice (Alzahrani, 2017). Reflective as-
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sessment is rooted in strong theoretical foundations of John Dewey’s philosophy (Dewey, 1966)
and cognitive constructivist learning theories. It promotes critical thinking and well-researched
cognitive development (Johnson & Johnson, 2002; OECD, 2019; Wallace, 2015).

Metacognitive control is applying knowledge to regulate cognitive processes, aiding self-
management and learning (Duman & Semerci, 2019). Metacognition is measured through three
key indicators: planning, monitoring, and evaluation (Schraw et al., 2006). Planning involves set-
ting learning objectives, considering learning strategies, and managing time effectively. It helps
students anticipate challenges and develop result-oriented strategies (Veenman et al., 2006).
Monitoring requires continuous awareness of comprehension and performance, including period-
ic self-assessments during learning (Schneider & Artelt, 2010b; Schraw et al., 2006). Evaluation
enables students to assess their task performance, compare results with peers, and identify weak-
nesses in their problem-solving strategies (Schraw et al., 2006).

Experts reveal that planning process involves identifying key information and setting goals for
problem-solving while understanding the necessary steps. The monitoring process includes accu-
rately applying formulas, ensuring logical progression, and overseeing problem-solving steps.
The evaluation process requires students to review their steps for consistency with the given in-
formation and verify their solutions.

Metacognition in Mathematical Problem-Solving

Metacognitive and problem-solving skills are essential for students to engage with mathematical
advancements effectively. Problem-solving involves identifying and resolving issues, while met-
acognition enables awareness and regulation of cognitive processes (Scheibe et al., 2023). These
skills enhance mathematical comprehension, logical reasoning, and critical thinking, supporting
academic success and lifelong learning. This study explores metacognition’s role in mathemati-
cal problem-solving, particularly in collaborative settings, highlighting its impact on cognitive
regulation and learning strategies. It also examines the link between metacognitive strategies and
problem-solving abilities, emphasizing the importance of problem-based learning. Further re-
search is needed to examine this relationship more deeply and to enhance teaching methodolo-
gies in mathematics education.

Polya’s four-stage problem-solving approach is understanding the problem, devising a plan, car-
rying out the plan, and looking back. Metacognition significantly enhances it, which fosters criti-
cal thinking and problem-solving abilities. Metacognitive strategies aid students in comprehend-
ing problems effectively, as research indicates that metacognitive frameworks improve under-
standing, planning, and overall problem-solving performance (Barokah et al., 2020; Lee et al.,
2014). Developing a plan relies on metacognitive knowledge and self-regulation, helping stu-
dents formulate effective strategies. During the execution phase, metacognitive monitoring en-
sures that students stay on track and adjust their approach when necessary. The last is reflection
or looking back to consolidate learning, reinforce understanding, and enhance future problem-
solving skills (Scheibe et al., 2023). In conclusion, integrating metacognitive strategies into
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Polya’s model promotes self-awareness, strategic thinking, and adaptability, ultimately improv-
ing students' problem-solving abilities and deepening their learning experience.

Metacognition is crucial in enhancing students' problem-solving abilities by improving their
awareness of cognitive processes. Research indicates that metacognitive instruction significantly
boosts performance by helping students effectively plan, monitor, and evaluate their actions (Sa-
fari & Meskini, 2016; Zhao et al., 2019). Additionally, metacognition fosters self-regulated
learning, enabling students to take control of their learning process, build confidence, and devel-
op perseverance in problem-solving tasks (Fazira et al., 2021; Lee et al., 2014). Task-relevant
monitoring further supports problem-solving by encouraging students to check their work and
consider alternative strategies, leading to more accurate solutions (Scheibe et al., 2023). Accord-
ing to Polya’s problem-solving stages, one effective metacognitive framework is the Problem
Wheel. This tool guides students in assessing their thinking throughout the problem-solving pro-
cess by prompting self-reflective questioning, thereby enhancing their metacognitive skills.

METHOD

Research Design

This study aims to examine students’ mathematical thinking processes. It employed a qualitative
research design using a case study approach. Qualitative research is a method for understanding
human or social issues by constructing a comprehensive and detailed narrative, presenting find-
ings descriptively, gathering information from multiple sources, and conducting the study in a
natural context (Creswell, 2014).

Sample and Data Collection

The study involved 30 primary school students in Yogyakarta, particularly the fifth-grade stu-
dents. Four participants were selected based on their classification according to the correctness of
their responses to planning, monitoring, and evaluation indicators. The researcher used a purpos-
ive sampling technique to select school samples by considering the accreditation, the number of
students and teachers, and willingness to participate in the research. The students voluntarily par-
ticipated in the study by signing informed consent and their information and responses were kept
confidential.

Using a case study approach, data were collected through students' mathematical problem-
solving tests and interviews. The research instruments included a mathematical metacognitive
ability test and semi-structured cognitive interview guidelines. After students completed the giv-
en problems, cognitive interviews were conducted to capture their thinking processes during
problem-solving. These interviews were conducted individually, involving only the student and
the researcher.
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The data were categorized based on three metacognitive indicators: planning, monitoring, and
evaluation. From each category, one correct response was selected for further analysis. Students'
focus was assessed using metacognitive indicators, as outlined in Table 3 below.

Process Indicators

Planning Identifying desired goals

Important information to be used in problem solving

Students understand the steps that will be done to solve the problem.
Monitoring Students are able to write the formula correctly and precisely

The final step made by student.

Students control or monitor the completion steps of given information (known).
Evaluation Students recheck the steps outlined whether consistent with the given information

(known) or not.

Verifying that what's been done is right

Source: Schraw et al., (2006)

Table 3: Metacognitive Indicators

Data Analysis

Data analysis was based on three aspects of metacognition: planning, monitoring, and evaluation.
The study examined how students demonstrated these metacognitive skills: (1) planning, (2)
monitoring, and (3) evaluation. Researchers investigated the impact of different learning ap-
proaches on higher-order thinking skills, including metacognition, by comparing the metacogni-
tive abilities of elementary school students who learned through a guided learning model with
those who followed a conventional learning model. The analysis focused on students' responses
according to specific metacognitive indicators.

The interview data were analyzed using students' thinking process schematics to assess their
metacognitive abilities and understand their thought processes while solving problems. The anal-
ysis categorized metacognitive thinking into three stages: planning, monitoring, and evaluation.
To ensure the validity of the research data, several methods were employed: (1) focus group dis-
cussions (FGD) with university leaders to verify research findings, (2) cross-examination with
each respondent to maintain accurate interview transcripts, and (3) a review of relevant literature
to support the study.

The study included cognitive interviews with students to validate their problem-solving ap-
proaches. These interviews were conducted with representative participants to reflect the broader
student population. The primary objective was to gain deeper insights into students’ cognitive
processes when solving mathematical problems. The final stage involved documentation, which
was started with collecting students' preliminary academic data from class teachers before formal
data collection. To ensure data validity, researchers employed multiple methods, including cross-
sectional data analysis and FGDs. A cross-sectional analysis was conducted with class teachers
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to assess whether students' thinking aligned with their previous learning experiences. Meanwhile,
FGDs with school principals, teachers, and mathematics educators were conducted to verify the
appropriateness of research instruments and methodologies in addressing the study’s objectives.

Data were analyzed qualitatively as proposed by Miles, Huberman, and Saldana which consisted
of three stages: data reduction, data display, and conclusion (Miles et al., 2014). The analysis
was carried out through interviews, observations, and literature studies. The analysis of interview
data was based on Creswell & Creswell (2018) covering raw data, transcription, and interpreta-
tion. Then, didactical design validation analysis was conducted through a focus group discussion
between teachers and researchers before and after the teaching experiment for further design im-
provement. The method of examining learning impediments that meet information alludes to the
strategy (Creswell, 2013), beginning with raw information, translation, and interpretation. The
validity test used source and technical triangulation. The validation of metacognitive problem-
solving tasks used an FGD between teachers and researchers.

RESULTS
Researchers found that all 30 students employed various planning, monitoring, and evaluation
strategies when solving mathematical problems. Their problem-solving performance is presented
in Figure 3.

B True Answer ™ False Answer

Figure 3. General Results

The results of the analysis indicate that students employ two types of thinking processes when
solving complex mathematical problems. Among the 30 student responses, 17 (57%) provided
correct answers, while the rest (43%) provided incorrect answers. All correct responses followed
the structured planning, monitoring, and evaluation process.
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Analysis of Correct Answers

Among the 30 students who participated in the mathematical metacognitive capability test, 17
provided correct answers, while the rest provided incorrect answers. Figure 4 presents an exam-
ple of a student's correct response.

Voot -+ \qackaq, of poster ateks (| doben = 2 itre)
« \d or hard &0 000, 6D
 disonk = SY og
b eftos bokkles = H\B.Doo,og/bott\&

Aded =
What's the kokal price of what dogs Mes. bk have b pay?

Figure 4. An Example of a Correct Answer

Figure 4 demonstrates that students with strong metacognitive abilities effectively apply meta-
cognitive skills when solving problems. This is evident in their ability to clearly and accurately
outline their problem-solving process. The figure above indicates that the student exhibits strong
metacognitive skills. Students with high metacognitive skills systematically write down given in-
formation (known) and correctly state the problem (asked). Additionally, they use visual aids
such as diagrams or annotations to enhance their understanding and facilitate problem-solving.
Their solution plans are typically concise and often presented as formulas without detailed steps
or justifications for their chosen concepts.

In terms of execution, these students approach problems systematically and accurately. Further-
more, they engage in self-verification by reviewing their answers to ensure correctness. Figure 5
illustrates the complete thought process behind a correct answer.
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Figure 5. A Mathematics Metacognitive Scheme of the Correct Answer Analysis
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Figure 6: The Complete Version of a Correct Answer
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Figure 6 shows that students who provided correct answers have gone through the planning step.
The student has done the identification phase. This can be seen from the following conversation

transcript (R is a researcher, while S1 and S2 are students).

R: Can you understand the problem presented, and how do you analyze the problem?

S1: Yes, I understand the question. What I need to understand first is the purpose of the
question, and classify the "given information (known), problem (asked), answer and so
on”. Then, write the answers in the available space. In the planning phase, the student
first identified the given information, such as the cost of one package of poster paints,
the discount percentage, and the price of additional bottles. The problem was then bro-

ken down into sequential steps to determine the total cost.

S1: Yes, and the student also established sub-goals, such as calculating the price of one bot-
tle, applying the discount, and determining the cost of extra bottles. This demonstrates a

clear problem-solving strategy before performing calculations.
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R: Excellent observation. Now, let’s discuss the monitoring phase. How do you ensure accu-
racy while solving the problem?

S2: I systematically monitored the calculations using proper mathematical operations. For
instance, when applying the 5% discount. The discount was then subtracted from the
original price to ensure the correct discounted amount. Additionally, when calculating
the cost of extra bottles, I verified the multiplication:

R: That’s a key metacognitive strategy—constantly checking one’s work. In the evaluation
phase, did you review and validate your final answer?

S2: Yes, after summing the discounted package price and the cost of extra bottles, the final
total was clearly stated as Rp253,500.00. I also provided a concluding statement, rein-
forcing the accuracy of the solution. One improvement could be rechecking whether the
initial assumption about the package price was correct. Meanwhile, I stated that one
package costs Rp210,000.00 instead of Rp240,000.00 as initially given, this discrepancy
should be reviewed for consistency.

This is seen from the student who wrote down the given information (known) and the question.
When students write down the given information and the question, it indicates that they can iden-
tify the given information on the question. In this case, it is based on the student's analysis of an-
swers. When students write down the given information and the question using the symbol, it in-
dicates that they understand the given information, the problem, and the steps that will be taken
to solve the problem.

10439 ey 1
PAIQ ning ng

Figure 7. Documentation of Thinking Processes of Students with Correct Answers

This section discusses student’s identification and problem-solving processes in metacognitive
tasks. Students have successfully identified the objective of the metacognitive problem. At this
stage, their responses indicate that they can recognize and extract relevant information from the
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problem. They are first required to comprehend the metacognitive question presented in the sce-
nario and determine the answer to the question: "What is the total amount of money to be paid by
Mprs. Diyah?"

The students' responses demonstrate an understanding of the necessary steps to solve the prob-
lem. They can identify and categorize information as "known systematically” and "asked."” Addi-
tionally, students show an awareness of the planning stages, which involve outlining the steps to
be done after identifying the given information (known), understanding the problem statement
(asked), solving the problem (answer), and drawing conclusions (final result).

This structured approach reflects students' ability to engage in metacognitive thinking, effective-
ly plan their problem-solving process, and apply logical reasoning to reach a solution.
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Figure 8: Monitoring Stage

Figure 8 shows student’s attempts to solve mathematical metacognitive problems by answering
and performing calculations. At this stage, they monitor, as evidenced by their efforts to write
down possible solutions and relevant formulas. The formulas provided indicate that students can
devise a structured solution plan. However, some students exhibit uncertainty despite correctly
writing the formula, particularly in assigning values. For instance, one student notes that the
price of a single unit is Rp210.000,00, but the notation appears unclear, suggesting possible con-
fusion. This lack of precision may lead to errors in problem-solving.

Furthermore, the correct formatting of currency values should follow the General Guidelines for
Indonesian Spelling (PUEBI), which specify that (1) the symbol Rp (Indonesian Rupiah) should
be used to denote the currency; (2) no space should be placed between Rp and the numerical val-
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ue; (3) a period (.) should be used to separate thousands, e.g., Rp18,000.00; (4) a comma (,)
should be used as a decimal separator; (5) a slash (/) can be used as a unit separator, e.g.,
Rp210.000/pack. By adhering to these formatting rules, students can enhance the clarity and ac-
curacy of their mathematical responses.

Based on the results of the students' mathematical metacognitive test, it was observed that in the
written responses, they solved the addition problem using visual aids such as lines. This is evi-
dent in their answers, where they initially calculated the total number of poster paints in one doz-
en, determining that one packet contained 12 poster paints.

The results of the study:

Students correctly identified that one dozen poster paints cost Rp210,000.00. They then proceed-
ed to calculate the price per unit: Rp210.000,00: 12 poster paints = Rp17.500,00. This calcula-
tion indicates that the price of one bottle of poster paint within the package is Rp17.500,00. Ad-

ditionally, the problem states that each package of poster paints receives a 5% discount, which
the students must also consider in their calculations.

Thus, Rp210.000 x FSO = Rp 10.500,00

Students only write =

Discount price = The original price is 1 package of poster paints - discount in rupiah
= Rp210.000,00 — Rp10.500,00
= Rp199.500,00

Later, Mrs Diyah purchased three additional bottles at the regular price of Rp18.000,00 per bot-
tle.The students then calculated the total cost accordingly,

Rp18,000,0000x 3 bottles of additional poster paint = Rp54.000,00
The next step requires students to calculate the total amount Mrs. Diyah needs to pay.
Total price to be paid = package price after discount + extra-posters paint

= Rp199.500,00 + Rp54.000,00

= Rp253.500,00

The student's response also demonstrates their approach to determining the price of three addi-
tional bottles. The correct price is Rp18.000,00 per bottle; however, the student wrote ",00"
slightly lower than Rp18.000,00. During the interview, the student explained that they had mis-
takenly omitted ",00" due to its close placement near the multiplication symbol but had already
accounted for it in their formula. In the context of numerical notation within Indonesia's financial
system, the use of ",00" following a nominal value reflects the formal standard for representing
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amounts in the Indonesian currency, the rupiah. Additionally, in writing the equal sign (=), the
student used dots, making it resemble a division symbol. Despite this, the student successfully
followed the planned steps, as evident from their accurate mathematical calculations based on the
previously established formula. The student's computations were correct, demonstrating their
ability to implement the planning stage effectively. Moreover, students with high metacognitive
skills understand the correct procedures for solving the problem. Their results are accurate, and
they can clearly explain the strategies used to reach a solution.

%, Khe kokol wush e gatd by Mrs. Diyal s By #53.500,00

Figure 9: Evaluation stage

The evaluation process consists of two key indicators: students reexamine whether their steps
align with the given information and verify the accuracy of their solution. Based on Figure 9,
students have demonstrated the ability to evaluate and review their answers. Students analyze,
select, and present relevant information as a foundation for decision-making and further prob-
lem-solving. They have rechecked their steps in solving the metacognitive problem to ensure
correct responses. Since the student's answers appeared fragmented, they modified their response
to ensure accuracy. Moreover, students provided a conclusion by writing, "So the total amount to
be paid by Mrs. Diyah is Rp253.500,00." However, the student made a minor formatting error by
inserting an unnecessary space between "Rp" and "253.500,00," writing it as "Rp 253.500,00"
instead of the correct format "Rp253.500,00." While this did not affect the numerical result, fol-
lowing the standard Indonesian writing conventions would be more appropriate. Furthermore,
the student mixed their conclusion with the calculated result and the information in the problem.
Overall, students managed to complete the evaluation phase by reviewing and verifying their so-
lution.

Analysis of Incorrect Answers

Among the 30 students who participated in the mathematical metacognitive capability test, 17
provided correct answers, while the rest provided incorrect answers. Figure 10 presents an ex-
ample of a student's incorrect response.
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Figure 10: Evaluation Stage
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Almost all students with low metacognitive abilities do not use addition during problem-solving.
This is evident in the students' vague work of writing out the problem-solving process. Examples
of students' work with low metacognitive abilities can be seen from the following conversation
transcript (R is a researcher, while S3 and S4 are students).

R: Can you understand the problem presented?

S3: I understood a little about it but was still confused about doing it. I could not sort out all
the information and not write them all down.

R: How was the “asked” part for you to answer correctly?

S3: Since in the “asked” section, we only looked at the familiar issues by looking for a sen-
tence using a question mark, it was the question.

R: How do you answer the problem of this mathematical metacognitive test? Do you know
the formula?

S4: I answered it simply by adding up what I wrote in the ‘known’ section, and I was still
confused about the formula when counting on the cost discount and the additional
items.

R: Why?

S4: Because I feel rushed or overwhelmed. I do not write down the answers carefully and
systematically. I do not have a habit of rechecking answers and I think this can be a
contributing factor because I was often unaware of errors in calculations or explana-
tions.

The complete thinking process of students with incorrect answers is presented in Figure 11.

Figure 11 shows some key factors contributing to students' lack of accuracy in solving
metacognitive mathematical essay questions. One primary cause is their limited metacognitive
ability to plan, monitor, and evaluate their thinking processes during problem-solving. Students
who do not habitually reflect on their problem-solving steps often struggle to understand
questions, select appropriate strategies, or include all necessary components in their answers.
Additionally, the higher complexity of metacognitive problems compared to standard ones can
cause students to feel rushed or overwhelmed, leading to imprecise and disorganized solutions. A
lack of habit in reviewing answers further contributes to errors, as students frequently overlook
miscalculations or inaccuracies in their reasoning. To improve accuracy in solving metacognitive
mathematical essay problems, students should receive training in metacognitive skills, including
strategic planning, monitoring their thought processes, and evaluating their responses before
finalizing their answers.

Students with low metacognitive abilities recorded the given information and problem require-
ments but failed to develop a structured problem-solving plan. However, despite the lack of a
clear plan, some students solved the problem systematically and accurately. Observations indi-
cate that students who provided incorrect answers attempted the planning stage but did not exe-
cute it effectively. This is evident in their approach as they misidentified or inaccurately recorded
key information and problem requirements. Additionally, they struggled with using appropriate

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.

S0



S
&
= -

<

TEACHING
RESEARCH

NYC MOD

EL

MATHEMATICS TEACHING RESEARCH JOURNAL

SEASON 20XX
VolYnoZ

70

mathematical symbols and failed to comprehend the necessary steps to solve the problem cor-
rectly and fully. A more in-depth analysis of their planning process is needed to understand bet-
ter the challenges they face in structuring their problem-solving approach.
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Figure 12: Documentation of Thinking Processes of Students with Incorrect Answers

Figure 12 shows the documented response of a student who attempted to solve a mathematics
problem but provided an incorrect solution. The student's approach to the metacognitive task was
also flawed, indicating the absence of monitoring indicators in their problem-solving process.
One of the monitoring indicators, as they failed to write the formula correctly and accurately.
Specifically, the student wrote the number 1 in the section Rp210.000,00, while elsewhere, they
wrote the number 4, creating ambiguity that could lead to confusion. Additionally, in their writ-
ten response, the student demonstrated inconsistencies, which may indicate a lack of clarity or
understanding in their problem-solving approach.

In the final step, students failed to verify their problem-solving process appropriately. They
struggled to oversee the completion of the given information, as indicated by their prior use of
the scaffolding technique, without careful attention to detail. This led to errors in solving the
problem, preventing students from completing the given task successfully. One key mistake was
calculating the discount for a package of poster paints. Students did not clearly outline the neces-
sary steps, such as: (a) recognizing that one dozen consists of 12 bottles (indicating that Mrs. Di-
yah initially purchased one package containing 12 bottles); (b) identifying that one dozen poster
paints cost Rp210.000,00.; (c) calculating the price per bottle as Rp210.000,00 ~ 12 =
Rp17.500,00; and (d) acknowledging that one package of poster paints receives a 5% discount.
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The research findings:

The lack of clarity in these calculations suggests that students need further guidance in systemat-
ically applying problem-solving steps and verifying their solutions.

Thus, Rp 210.000 x 1‘% = Rp 10.500,00

Students only wrote down the following information:
1 package of poster paints Rp210.00,00 + extras 3 bottles Rp18.000,00
= Rp254.000,00

Students failed to complete certain essential steps, leading to incorrect answers. They immediate-
ly stated that the price of one bottle of poster paint was Rp210.000,00 without accounting for the
final step of applying the 5% discount to the total package price of Rp210.000,00. This suggests
that students were unable to effectively control or monitor their problem-solving process, partic-
ularly in verifying and completing key calculations. As a result, they made errors in formulating
their final answers to the metacognitive problem.

Students lacked precision in selecting formulas and monitoring their calculations, leading to er-
rors in solving the metacognitive problem. Some students did not explicitly write the required
formula in their responses. Instead, they stated the given information as follows: "I package of
poster paints Rp210.000,00 + 3 additional bottles Rp18.000,00 = Rp254.000,00." However, the
student mistakenly wrote "an additional 3 bottles of Rp18.000,00," suggesting a misunderstand-
ing of the total cost calculation. The problem is that each additional bottle costs Rp18.000,00, but
the student incorrectly presented the price for all three bottles as Rp18.000,00 instead of calculat-
ing the correct total. This error indicates that the student failed to fully process and apply the giv-
en information which leads to incorrect answers in the metacognitive problem.

The evaluation process includes two key indicators: (1) students reexamining whether their prob-
lem-solving steps align with the given information and (2) verifying the accuracy of their solu-
tion. Based on the study results, students who provided incorrect answers did not properly evalu-
ate or review their responses. They failed to recheck the steps taken to solve the metacognitive
problem, as their answers remained unverified and uncorrected. Additionally, students did not
modify their responses to ensure accuracy. Despite this, the student wrote a conclusion stating,
"So the total cost is Rp254.000,00," although the answer was incorrect. This indicates a lack of
thorough evaluation and self-monitoring in their problem-solving approach.

All student activities related to problem-solving in metacognitive abilities involve metacognitive
regulatory components. These components are essential as they help students organize, control,
connect, assess, and refine their thinking strategies throughout the problem-solving process. Ide-
ally, these activities occur continuously and are closely linked to students' metacognitive
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knowledge during problem-solving. Metacognitive regulation consists of three key components:
planning, monitoring, and evaluation.

Based on metacognitive regulation analysis, not all students effectively apply counter-regulation
when solving problems. Students employ different strategies for monitoring and regulating their
thinking, depending on their cognitive abilities. Research findings indicate that students with
strong metacognitive skills effectively utilize these abilities in mathematical problem-solving,
leading to better performance than their peers. Observations showed that students who apply
metacognitive strategies successfully solve problems and achieve higher test scores. Additional-
ly, they demonstrate the ability to systematically and accurately document problem-solving
steps. This aligns with previous studies (Duman & Semerci, 2019 and Ozsoy & Ataman, 2009)
that students with high metacognitive abilities outperform those with lower metacognitive skills
in mathematical problem-solving. Students who practice mindfulness experience lower levels of
academic burnout due to increased self-awareness and a non-judgmental approach to challenges
(Sapanci, 2023). Therefore, examining the mediating role of mindfulness in the relationship be-
tween dysfunctional metacognitions is essential for further understanding.

In mathematical problem-solving, metacognitive knowledge and metacognitive regulation are
crucial in helping students analyze and resolve problems effectively. When faced with a prob-
lem, students recall and connect relevant material explanations to the given task. Their prior
knowledge and experiences with similar problems further enhance their ability to understand and
apply appropriate problem-solving strategies. Additionally, students' awareness of planning,
monitoring, evaluating, and revising their thought processes helps minimize errors. By continu-
ously monitoring and controlling their cognitive processes, students can identify mistakes and re-
trace their steps to correct them when encountering difficulties. This highlights the relationship
between metacognitive knowledge and regulation in conflict resolution during problem-solving.
Cognitive knowledge and cognitive regulation strongly correlate (Schraw et al., 2006). There-
fore, metacognitive awareness and regulation significantly contribute to students' ability to de-
velop independent learning skills.

DISCUSSION

Based on this analysis, metacognitive capability during problem-solving is directly associated
with students' performance outcomes. Encouraging students to engage in problem-solving activi-
ties can enhance their metacognitive skills, ultimately fostering greater independence in learning.
Additionally, metacognitive strategies improve students' comprehension (Wicaksono et al.,
2021). This aligns with a previous study (Bogdanovi¢ et al., 2015) which shows that the more
students understand their cognitive processes, the more effective their learning and academic
achievement will be. Furthermore, a metacognitive approach enhances both learning outcomes
and student assessment practices (Alzahrani, 2017; Shamir et al., 2008). A mathematical problem
involving discounts and additional purchases requires students to utilize critical thinking and
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problem-solving skills. In metacognitive assessment, this problem is a tool to evaluate students'
ability to plan, monitor, and evaluate their thought processes. A metacognitive test instrument for
data analysis includes assessment tools that measure students' awareness and regulation of their
cognitive processes, such as structured problem-solving tasks, think-aloud protocols, and reflec-
tive assessments. Students identify key information, track their calculations, and verify their so-
lutions through this process. By integrating metacognitive test instruments, researchers can ana-
lyze students' problem-solving strategies, identify errors, and enhance their mathematical reason-
ing skills.

Strengthening metacognitive skills to develop students' competence in mathematical problem-
solving is vital (Rey et al., 2024). This study found that high-achieving students effectively uti-
lize advanced planning, monitoring, and evaluation skills. In contrast, students with moderate
mathematical abilities do not yet fully utilize metacognitive planning and evaluation skills,
though they demonstrate strong monitoring capabilities (Wakhata et al., 2023). Meanwhile, stu-
dents with lower mathematical abilities struggle to apply effective planning, monitoring, and
evaluation strategies. Research suggests that the metacognitive approach can enhance problem-
solving skills through three key aspects: planning, monitoring, and evaluation, which collectively
support the development of students' metacognitive abilities in mathematics (Thomas &
Chantharanuwong, 2022). Therefore, continuous interventions to track students' progress in
mathematics classes to enhance their problem-solving skills are important.

Metacognitive aspects, including metacognitive knowledge and self-regulation, enhance mathe-
matical performance (Schneider & Artelt, 2010a). Metacognition helps students develop a struc-
tured approach to solving mathematical problems (Du Toit & Kotze, 2009). Additionally, en-
couraging students to engage in problem-solving can promote the use of written metacognitive
strategies during the process (Farida Jamil et al., 2023).

Regularly applying metacognitive strategies helps students become more adept at identifying er-
rors by revisiting initial steps, allowing them to correct mistakes and refine their approach. To
develop effective and sustainable problem-solving skills, students must be aware of their mathe-
matical knowledge and learn to plan, monitor, and regulate their cognitive processes. Therefore,
mathematical understanding must be supported by metacognitive processes to ensure problem-
solving quality (Y1ldiz & Oztiirk,2023).

In this context, research highlights a strong relationship between metacognition and success in
mathematics courses. Thus, teachers and students must possess strong knowledge of metacogni-
tive strategies to facilitate self-directed learning. A pedagogical approach that integrates meta-
cognition is essential in fostering students' awareness and control over their learning processes.
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CONCLUSIONS

Based on the results of the analysis and discussions, metacognition emerges around the age of 8-
10 and students apply all the planning, monitoring, and evaluating stages. Students who apply
metacognitive closeness as an awareness of one's cognition or process in which one thinks about
thinking to build a strategy to solve problems. The metacognitive strategy refers to raising
awareness about the thinking process that needs to increase student metacognitive awareness.
When this consciousness is realized, one can control his mind by planning, monitoring, evaluat-
ing, and judging his learning. Teachers can build student’s consciousness so they know and real-
ize their weaknesses and strengths, and even plan, monitor, and evaluate what they have done. A
teacher needs to strategize in math so students can design, monitor, control, and evaluate their
actions. This is evidenced by the fact that the teacher guides students in planning a study plan be-
fore attempting metacognitive test problems. This process involves reflective questioning about
their strategies for understanding mathematical concepts and overcoming difficulties. Students
must then document their study plans, selecting appropriate methods such as rereading, summa-
rizing, or engaging in discussions. "How did you approach problem-solving in the metacognitive
test?" The teacher provides guidance in revising these plans as needed. Through this approach,
students are expected to assess the effectiveness of their learning strategies, identify weaknesses
such as procrastination or ineffective methods, and recognize their strengths, such as improved
comprehension through discussion or problem-solving exercises. In the monitoring stage, the
teacher encourages students to assess their comprehension during the learning process by an-
swering reflective questions and using a self-reflection checklist. This approach helps students
identify learning difficulties, evaluate the effectiveness of their study strategies, and recognize
the need for additional support, promoting a more self-regulated learning process. In the evalua-
tion stage, the teacher guides students in reflecting on their learning outcomes and processes af-
ter completing assignments or tests. Students complete a reflection journal and engage in class
discussions to assess their study strategies, problem-solving approaches, and overall learning ex-
periences. This process helps students identify effective learning methods, understand their
strengths and weaknesses, and develop strategies for improvement, ultimately fostering inde-
pendent and effective learning.

Metacognitive abilities are strongly correlated with academic performance, particularly in prob-
lem-solving. Encouraging students to engage in structured problem-solving activities enhances
their metacognitive skills, promoting independent learning and deeper comprehension. Research
supports that increased metacognitive awareness leads to better learning outcomes and achieve-
ments. Furthermore, metacognitive strategies are essential in student learning and assessment,
particularly in mathematical problem-solving. High-achieving students effectively utilize plan-
ning, monitoring, and evaluation skills, whereas lower-proficiency students face difficulties in
these areas. This highlights the importance of metacognitive approaches in improving problem-
solving abilities. Metacognitive interventions should be integrated into daily learning to optimize
student success. Self-regulation and metacognitive knowledge significantly affect mathematical
performance, helping students identify and correct errors systematically. Developing metacogni-
tive awareness enables students to revise their problem-solving strategies, supporting long-term
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academic growth. Therefore, fostering metacognitive skills among both teachers and students is
crucial for enhancing self-directed learning and overall educational success.

Furthermore, students can select a type of representation and modify it to be a more useful sup-
port in creating mathematical models. Students with high mathematical skills can use advanced
planning, monitoring, and comprehensive skills and vice versa. Students with low mathematical
skills cannot optimally utilize their skills in the planning and evaluation stages. However, they
perform optimally in the monitoring stage. Moreover, they cannot use high-value planning, mon-
itoring, and evaluation skills. It can be said that the metacognitive approach can solve the prob-
lem in the planning, monitoring, and evaluation stages.
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Metacognitive Definition Synthesis Result (\),l;sr?;ﬁg M\?::'lil:l?ll; le Indicators 1;1;‘1?;)5(;:

Metacognition would Metacognitionis | Metacognitive |I. Planning 1. Identifying the
improve the student's the student's high- | Regulation purpose of the
metacognitive skills. level thinking problems
Metacognltlve.skllls he.lp process, which 2. Sorting
students learn information controls students' important
qulckly and 1nformat19n for | knowledge of the information
educational or professional process of
development of students thinking and 3. Students
(Schunk, 2012). cognitive forms control the
Metacognition is important and engages complenog
for primary students active controls of §teps of gtven
(Bogdanovi¢ et al., 2015; students' — information
Hoffman & Spatariu, 2008). | cognitive 2. Monitoring | 1. Students can
As can be seen, activities such as write the
metacognitive capacity is learning and formula
important, especially in the solving day-to- correctly and
learning environment, since | day problems of precisely
students can manage their mathematical 2. The final step
cognitive and learning learning. made by
processes and identify their | Additives include students fallen
strengths and the areas understanding 3. Students
necessary to improve by and management control the |
developing new cognitive of mathematical completion
skills (Bagci & Unveren, thought and steps of given
2020). Each learner can learning. This information
metacognition, which means | involves students' 3. Evaluation | 1. Students do a
each student can think about | self-awareness of reexamination
learning, reading, or how they process of the
displaying their skills. mathematical problem
Castillo Diaz & Gomes information, settlement
(2021) state that understand measures

metacognition incorporates a
set of capacities with
imperative applications
within the instructive and
proficient settings requested
by today's society. Creating
objective assessment
measures that permit the
nature of the build to be
evaluated is exceedingly
important for conducting
demonstrative and mediation
forms.

concepts, and
solve problems.

2. Verifying that
what’s done is
right

Table 4. The Guidelines of Mathematical Metacognitive Ability Test

The Mathematical Metacognitive Test
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Mrs. Diyah purchased a packet of posters containing a dozen two-liter [2 liters] paint bottles. The
package was supposed to be sold for Rp240.000,00, but Mrs Diyah received a 5% discount.

Mrs Diyah also purchased three additional bottles at a regular price: Rp18.000,00 each.

What's the total cost?
Student Answer Sheet:
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