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 The current research aimed to understand the effect of mathematical beliefs 

of middle school students on their metacognitive skills in solving 

mathematical problems. In examining the matter, the study utilized a mixed 

method. In the first step, a linear regression test was utilized to determine the 

effect of belief on students’ metacognitive skills in solving geometry 

problems. Furthermore, a qualitative approach was used to compare the 

metacognitive skills of high and low-belief students. This study involved 72 

middle school students sitting in the 8th grade at Tarakan 1 State Junior 

High School. Based on the linear regression results, it is known that 

students’ beliefs positively influenced their metacognitive skills in solving 

geometric problems. Furthermore, it was found that when both selected 

subjects with high and low beliefs started solving the problems, they started 

by planning. Then, they monitored what they had done, but there were 

differences in evaluating the solutions. Additionally, students who believe 

strongly in problem solving will be more aware of what they are thinking 

and thus have an impact on improving their learning outcomes. 
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1. INTRODUCTION 

One of the main goals of the mathematics learning process is for students to be able to solve 

problems. However, there are still many students who experience difficulties and feel anxious when learning 

mathematical or solving mathematical problems [1]. Many things can affect students in solving problems, for 

example working memory capacity [1], [2], cognitive awareness [3], belief in solving mathematical problems 

[4], fear of mathematics [5], and strategic learning [6]. 

Cognitive awareness and understanding of the problems encountered are required by students when 

solving mathematical problems. Through awareness, students can improve their skills [7]. However, the 

results of a study by Suryaningtyas and Setyaningrum [8] indicate that students did not maximize their 

awareness when solving mathematical problems. The principles of metacognition are the importance of being 

aware of knowledge and knowing what to do to solve a problem. Metacognition also positively influences the 

problem-solving process [9] and development of geometric thinking [10]. However, most of the difficulties 

in solving problems are generally caused by failure to organize processes or mathematical problems, choose 

the most effective strategies, analyze, understand the essence of the problem, and monitor and control the 

processes carried out [11]. Therefore, it is imperative to discuss in this research the emergence of problem 

solving in relation to metacognition. 

https://creativecommons.org/licenses/by-sa/4.0/
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The concept of metacognition was coined to assert how a person can control their thinking while 

learning and solving a problem, particularly when experiencing cognitive failure and difficulties in dealing 

with problem-solving and information processing [12]. Metacognition is also one of three aspects that 

influence the mathematical problem-solving process [13], [14]. Metacognitive aspects are influential to 

students' ability to organize their thinking. Lioe et al. [15] also found that metacognition is one of the key 

components in solving mathematical problems, emphasizing the ability of students to monitor their own 

thinking. This finding is also consistent with the concept of metacognition developed by Flavell [16], which 

refers to the awareness of students on their own cognitive processes and the regulation of cognitive processes 

in achieving specific goals. Therefore, students who solve problems well always monitor their thinking and 

evaluate the results. The students know when to use an appropriate strategy and when to switch strategy in 

order to be consistent with a specific goal. There are three components of metacognition, which are 

metacognitive knowledge, metacognitive skills, and metacognitive experience [16], [17]. 

Metacognitive knowledge is a person's awareness of factors related to cognitive activity [18]. It 

includes one's knowledge of strategies, tasks, and oneself that influence the direction and outcome of cognitive 

effort (including declarative, procedural, and conditional knowledge). Metacognitive skills are a person’s 

awareness of employing strategies with the goal of controlling their cognition. The skills include planning, 

monitoring, and evaluation. Lastly, metacognitive experience is an awareness of one's feelings when finding a 

solution to a particular problem and the feeling of receiving information related to the solution received. 

Metacognitive experiences include feelings experienced in connection with the task at hand. 

In addition, metacognitive knowledge influences awareness of thought processes in learning. When 

awareness is realized, metacognitive skills emerge, where students can control their minds by designing, 

monitoring, and evaluating what needs to be learned. Suliani et al. [19], [20] have found that while 

differences can be found in the representation of students’ thoughts in problem-solving when viewed from 

their genders, mathematical ability, cognitive activities are still involved, particularly in the form of planning, 

monitoring, and evaluation. Based on that, the focus of the present study is on metacognitive skills. 

Efforts to increase students’ learning activities, which have an impact on improving learning 

outcomes, cannot be separated from metacognitive skills which are an important role in learning. In addition, 

there are other efforts such as students’ confidence in solving problems. The research findings of Ozturk and 

Guven [21] concluded that beliefs not only influence the process of problem solving, but also influence 

personal factors such as life experiences. In addition, Ishida [22] reported that belief in solving a problem has 

an impact on the ability to solve problems correctly. 

Students’ beliefs in mathematical problem solving relate to what is believed to be correct, which in 

this case is related to mathematical problem-solving. The mathematical problem-solving is viewed under six 

aspects by Kloosterman and Stage [4] including belief in the time needed to solve mathematical problems, 

the steps needed to solve the problems, the understanding of the found solutions, the understanding that there 

are multiple ways of solving the problems, the efforts in improving mathematical skills, and the usefulness of 

mathematics in everyday life. The students’ beliefs have a profound impact on their working memory. Deep 

beliefs have an impact on what and how students remember the events they experienced. Pajares [23] noted 

that beliefs are thought to affect perception, and in turn, it affects behavior that is consistent with and 

reinforces original beliefs. If students like mathematical, they will be enthusiastic as they participate in a 

mathematical class and when faced with problem situations. They always solve problems in different ways 

based on their knowledge and learning experience. Students who are unenthusiastic about mathematics, 

however, seem to be reluctant to take mathematics lessons. When confronted with mathematical problem 

situations, they hesitate to solve them, thinking that the problems posed are difficult to solve.  

Students with different mathematical beliefs may influence their metacognitive knowledge. 

Characteristics of students with high confidence in solving geometric problems, namely time management, 

are needed when solving mathematical problems. Meanwhile, students who have low confidence in solving 

geometric problems do not consider the time required. This means that students with these characteristics 

when solving a problem tend to give up easily to survive solving the problems they face. 

Geometry is itself a challenge for learners, particularly when it is being learned remotely. In addition to 

space and form, geometry includes the distance, scale, and relative position of figures. Numerous occupations, 

such as architects, mechanical engineers, technicians, draughtsman, utilize geometry. Geometry is a very 

essential branch of mathematics. The majority of learners find geometry difficult to study and have no desire to 

do so. This is due to the fact that learners frequently feel unsure of themselves about what they have learned, 

experience anxiety when studying it, and are unable to use geometric theory to solve their problems [24]. 

Middle school students are typically within the age range of 11-15 years. Based on Piaget’s 

developmental stages, it is at this age that students’ thinking skills are incorporated into the formal action phase. 

This allows them to have more flexible thinking when it comes to thinking about more possible solutions, 

especially mathematical problems. In general, research regarding the effects of beliefs on middle school 
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students’ metacognitive skills in solving mathematical problems is still very limited [25], [26], although it is 

important to be explored as it involves students' beliefs about solving mathematical problems to identify their 

metacognitive skills. For example, when a student is faced with a problem, there are two possible states: he/she 

is aware and believes in solving the problem, or he/she is aware but not sure if he/she can solve the problem. 

Furthermore, a phenomenon is produced by a study of mathematics beliefs that examines student beliefs about 

how long it takes to solve a problem. Students who have a high level of confidence in mathematics are more 

likely to abandon the process of problem-solving when they experience failure [27]. 

In relation to the previous studies, this study tries to find the influence of middle school students’ 

mathematical beliefs on their metacognitive skill in mathematical problem-solving and describe how belief 

mathematical effect on metacognitive skills of middle school students with high and low beliefs. This study 

is hoped to be useful to determine the appropriate learning methods to increase middle school students’ belief 

in solving mathematical problems. Additionally, students who believe strongly in problem solving will be 

more aware of what they are thinking and thus have an impact on improving their learning outcomes. 

 

 

2. RESEARCH METHOD 

2.1.  Research design 

A mixed-method design is utilized to answer the research objectives. The design refers to the 

collection, analysis, and integration of both qualitative and quantitative data at multiple stages of a research 

[28]. The sequential explanatory design is one of the approaches in mixed methods. This design goes through 

two consecutive phases. At the first phase, the researchers collect and analyze quantitative data. Then, at the 

second phase, qualitative data are collected and analyzed to help explain the previously mentioned 

quantitative results [29]. 

In the present study, quantitative research method was used to scrutinize the effect of mathematical 

belief on middle school students’ metacognitive ability to solve mathematical problems. In this case, the task 

of solving geometry problems is a task situation that measures awareness of students’ metacognitive abilities. 

The score for students’ confidence in solving mathematical problems is the total score of the Indiana 

mathematics belief (IMB) scale questionnaire, and the students' metacognitive ability score is the total score 

of the questionnaire on metacognitive perception in solving mathematical problems. The linear regression 

test was performed twice, where the dependent variable was the students’ metacognitive abilities, and the 

independent variable was the students’ mathematical beliefs. Aside from seeing the effect of students’ beliefs 

on their metacognitive skill in solving mathematical problems, a qualitative research method was also used in 

an attempt to analyze the matter deeper. The qualitative research was carried out by selecting six participants. 

There were three subjects with high mathematical belief and three subjects with low mathematical belief. The 

subjects were given a task to solve geometry problems. 

 

2.2.  Sample and data collection 

Stratified random sampling was employed to select the subjects. Sampling is the process of taking 

samples. The sampling conducted by researchers aims to obtain a representative sample of the population. The 

sample consisted of 11 groups, in which every group is homogeneous, so from each group, six to seven students 

were randomly selected. There are 36 students for each group, all within the age of 13-15 years. The total 

sample in this study is 72 eighth grade students studying at Tarakan 1 State Junior High School. This is in line 

with Roscoe [30], who stated that an appropriate sample size in research is between 30 and 500. The data 

collection was carried out in two consecutive phases. The first phase was the quantitative approach, namely 

using the mathematical belief scale and the metacognition scale of middle school students. After that, the second 

stage was the qualitative approach, namely observation, documentation, and interviews. 

 

2.3.  Instruments and data analysis 

The Indiana mathematics belief (IMB) scale was used to measure students’ mathematical belief in 

solving mathematical problems [4]. The IMB questionnaire consists of 36 items, including: six statements 

regarding the time needed for problem-solving, six statements about steps in problem-solving, six statements 

about understanding of the found solutions, six statements about different ways of solving problems, six 

statements about effort to improve mathematical skills, and six statements about the usefulness of 

mathematics in daily life. This instrument uses a Likert scale with a range of 1 to 5, where a value of 1 is for 

“strongly disagree”, a value of 2 for “disagree”, a value of 3 for “unsure”, a value of 4 for “agree”, and a 

value of 5 for “strongly agree”. The IMB score ranges from 36 to 180. Subjects are placed in the high-belief 

group if the score is less than 131 and in the low-belief group if the score is equal to or more than 132. 

The selected subjects were analyzed to be explored on their metacognition in solving mathematical 

problems based on considerations that the students had confidence in solving mathematical problems and 

were willing and able to verbally express their ideas orally and in writing. These considerations made it 
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easier when conducting in-depth interviews to recognize the metacognitive abilities of students with high and 

low mathematical beliefs using geometry material. The research was conducted in the academic year 

2021/2022, specifically in the even semester. 

The questionnaire on students’ metacognition awareness in solving mathematical problems was 

used to measure students’ metacognition in solving mathematical problems. This questionnaire was from 

Schraw and Dennison [17] and adapted to fit the characteristics of middle school students for metacognitive 

skills consisting of planning, monitoring, and evaluation. Based on the results of the validity of each 

statement item calculated using the correlation formula, out of 18 statements related to middle school 

students’ metacognitive abilities in solving mathematical problems, they were found to be valid and reliable 

(Cronbach’s alpha=0.934). This means that the questionnaire was reliable to be used as a data collection tool. 

The mathematical test being used in this study comprised five questions including numbers, algebra, 

geometry, statistics, and probability. Consisting of various materials considered representative of 

mathematics, this test was designed for grade 8th students to complete. The mathematical test scores were 

used to measure the subject's equivalent mathematical ability, with the difference in the outcomes being less 

than 5 on a scale of 0 to 100. This difference is quite small, so it might be assumed that their mathematical 

skills were on par. With subjects of equal ability, researchers could avoid the possibility of not receiving 

metacognitive data as a result of one of the subjects that could not complete the task. The chosen subjects 

were given problem-solving tasks in the second phase of the study, namely simple geometric problems, but 

there are no routine procedures for solving them. To accomplish this task, the problem was as: “Firman 

creates a square photo frame with an outside diagonal of the frame being 80√2 cm. The subjects were asked 

to calculate the total length of the timber that Firman would use, and the minimum cost Firman would incur if 

the price per meter of the timber is Rp40,000.” The effect of mathematical belief on metacognition in solving 

mathematical problems was analyzed from the significance value of the linear regression test, with the 

dependent variable being the total score on the student's metacognition questionnaire in solving geometric 

problems. The geometric problem-solving task was analyzed by comparing the results of both groups, 

namely the high mathematical belief group versus the low mathematical belief group. 

 

 

3. RESULTS AND DISCUSSION 

3.1. The effect of students’ beliefs on their metacognitive skills in solving mathematical problems 

A total of 72 eighth grade students took part in this study. All subjects completed a series of tests, 

namely a basic mathematic test, then completed the student confidence in geometric problem-solving 

questionnaire. After that, they completed the geometric problem-solving task, followed by completing the 

student geometric problem-solving metacognition questionnaires. The students who took part in this study 

were 36 males and 36 females. Furthermore, 15 students were classified as having high mathematical belief, 

consisting of 6 males and 9 females. On the other hand, 57 students were classified as having low 

mathematical belief (30 males and 27 females). The test results description is presented in Table 1. 

Table 1 demonstrates that the average level of beliefs in solving mathematical problems of 

participants was 125.19 and the mean level of metacognitive skill was 66.86. This exerts that students lack 

confidence in solving mathematical problems so that it has an impact on their metacognitive skills. The 

researchers used the SPSS application to test the normality of data on students' metacognitive skills and 

beliefs when solving mathematical problems. The data used were scores of students' confidence in solving 

mathematical problems and scores of students' metacognitive ability. The residuals of the regression should 

be in line with a normal distribution. Furthermore, this condition is met by utilizing a normal predicted 

probability (P-P) plot. Figure 1 gives information on the normal predicted probability (P-P) plot of the data of 

belief and metacognitive skill. 
 

 

Table 1. High/low-belief and metacognitive skill 
 Mean Standard deviation Minimum Maximum 

High/low belief 125.19 9.015 108 147 

Metacognitive skill 66.86 12.065 39 90 

 

 

It is learned from Figure 1 that the plot of metacognitive skills score points coincide with the 

diagonal line of normality: this indicates that the normality conditions were met. Furthermore, 

homoscedasticity, to know whether or not the residuals are equally distributed, is to be found and this 

condition is able to be known with a scatter plot of the residual. Using scatter plots, Figure 2 presents the 

residuals for metacognitive skill score. 
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Figure 1. Normal predicted probability plot 

 

 

Figure 2 shows that special pattern is nowhere to be found. It can be seen that the points are 

distributed equally both on the X-axis and the Y-axis. Thus, the homoscedasticity requirement was achieved. 

It is confirmed that the residuals were normally distributed and homoscedastic. Thus, the predictor variables 

in the regression have a linear relationship with the outcome variable. The linear regression test was used to 

determine whether there was a significant effect between students’ beliefs and metacognitive ability when 

solving mathematical problems in a linear population. 

 

 

 
 

Figure 2. The scatter plots of the residuals 

 

 

In Table 2, output summary results using SPSS from regression analysis on students' beliefs and 

metacognition in solving mathematical problems yielded an R-squared value of 0.131, indicating that the 

effect of mathematical beliefs as the independent variable on the students’ metacognition is 13.1%, while the 

other variables explain the rest. After that, the following step was to determine the regression model, examine 

the suitability of model, and investigate the variables that affect metacognitive skill. The coefficient and the 

significant values of the linear regression analysis are shown in Table 3 and Table 4. 

 

 

Table 2. Regression analysis of students’ metacognition and belief in solving mathematical problems 
Model R R square Adjusted R square Std. error of estimation 

1 0.362a 0.131 0.119 11.325 

a. predictors: (constant), Xbelief 
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Table 3. ANOVA from the regression analysis of students’ metacognition and belief in solving mathematical 

problems 
Model Sum of squares df Root mean square F Sig p-value 

Relapse 1374.465 1 1374.465 10.717 0.002 
Residual value 9106.165 71 128.256   

In total 10480.630 72    

 

 

Table 4. Output coefficient of the regression analysis out students’ metacognition and belief in solving 

mathematical problems 

Model 
Non-standard coefficients Standardized coefficients 

t Sig p-value 
B Std error Beta 

Constanta 6.187 18.582  0.333 0.740 

High/low belief 0.485 0.148 0.362 3.274 0.002 

Dependent variable: metacognitive skill 

 

 

Demonstrated by the results of the ANOVA table test as shown in Table 3, it was found that  

𝐹 = 10.717 with Sig. 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.002 < 0.05. Therefore, the overall regression model fits the data. The 

regression model (Table 4) was: 𝑦 = 6.187 + 0.485𝑥, with variable 𝑦 was defined as the dependent variable, 

namely students' metacognitive skills in solving mathematical problems, while the variable 𝑥 was defined as 

a variable independent, namely the students' belief in solving mathematical problems. 

Thus, students' belief in solving mathematical problems affected their metacognitive abilities in 

solving mathematical problems. That is, if there are students who have high belief in solving mathematical 

problems, it is predicted that those students will have high metacognitive ability in solving mathematical 

problems. This means that if students have high confidence in solving mathematical problems, it is predicted 

that their metacognitive skills will be better at solving mathematical problems, affecting their learning 

outcomes in mathematics. This is consistent with the research by Setyawati and Indrasari [31] showing that 

students who are more confident in their mathematical skills use better metacognitive strategies. It can be 

said that the determinants of students' success in solving mathematical problems depend not only on 

perceptions of their thought processes, but also on their beliefs in solving mathematical problems. When 

students have good beliefs, they can better improve their cognitive skills [21], [32]. Consistent with the 

results of the research by Guven and Belet [25], it was found that belief in learning as an effort rather than a 

skill raises more metacognitive awareness, and monitors the learning process. The scatterplot in Figure 3 

shows that the higher the belief score, the higher the metacognitive ability of middle school students in 

solving mathematical problems. The two variables have a positive correlation. 

 

 

 
 

Figure 3. Scatterplot of students’ belief and metacognition when solving mathematical problems 

 

 

To know the effect of these factors on metacognitive abilities, a qualitative study was conducted by 

assigning six participants mathematical problems. The participants were selected to consist of three subjects with 

high belief in solving mathematical problems and three subjects with low belief in solving mathematical problems. 
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From the answers given by the participants, two students were selected, consisting of one high belief individual 

and one low belief individual, who were identified through targeted sampling as research subjects who have a 

unique problem-solving strategy and are able to communicate their ideas when solving mathematical problems. 

Based on the results of regression analysis, students' beliefs positively and significantly affect their 

metacognitive abilities, hence it continued by examining and identifying the subject's metacognitive abilities 

in solving mathematical problems. The subject with high belief category had a score of 138, meaning the 

subject score in the “high-belief in solving mathematical problems” category (132 ≤ 𝑥 ≤ 180), while the 

subject with low-belief category had a score of 108, meaning the subject scored in the “low belief in solving 

mathematical problems” category (36 ≤ 𝑥 < 132). The subject with high belief in problem-solving is 

referred to as skills, knowledge, and tools (SKT), while the subject with low belief in problem solving is 

referred to as safe keeping receipt (SKR). 

In general, based on the results of analyzing the responses of the two subjects, namely SKT and 

SKR, they could correctly solve the problem. However, they followed different strategies when 

implementing the problem-solving. The strategy used by SKT was more systematic in solving problems than 

SKR. The time required for the two subjects was also different. Furthermore, SKT in problem solving was 

more systematic in the way it was done compared to SKR. SKT was more aware of his knowledge when 

faced with a problem, while SKR needed support when faced with a problem. 

When solving mathematical problems, SKT and SKR both started by understanding the purpose of 

the problems at hand, then planned a solution method based on their learning experience, and then apply the 

prepared plans to find solutions that meet the goals of the given problems after. When they got the expected 

results, they re-evaluated the steps taken to resolve the issue. This was useful for identifying things that did 

not align with the goals of the given problem, so they can immediately correct the mistakes they made. 

However, SKR did not evaluate what had been identified as a solution to the problems. On the other hand, 

SKT thought about the plan, then monitored, and evaluated what he thought. In contrast, SKR did not 

evaluate what he had done when solving problems. 

 

3.2. The metacognitive skills of SKT and SKR in solving mathematical problems 

The first step SKT took in solving mathematical problems was to understand the problem to find out 

the purpose of the problem at hand. SKT tried to understand the intent and purpose of the problems by 

reading in a low voice while pointing to the questions. SKT tried to identify important information and 

organize it well. SKT also rewrote it to state the problem at hand. In addition, SKT also thought about a plan 

that would be used to understand the problem by reading it repeatedly to be able to find important 

information in the questions. 

SKT used its knowledge to know what to do to understand the problem and knowledge of the 

purpose of a particular strategy when the strategy was appropriate and effective to solve the problem at hand. 

This showed that SKT was aware of the need to set goals before understanding the problem and think about 

multiple ways to solve the problem as well as choosing the best strategy. SKT retold the question and gave 

symbols in the form of picture frames to the questions, aimed at helping SKT understood the questions better. 

Furthermore, in an effort to understand the problems, SKT also considered the material related to the given 

problem, namely geometry. SKT used certain strategies to be more effective. Based on the results of the SKT 

interview, SKT could provide reasons for procedures and strategies to understand the problem. SKT began 

reading, writing, and drawing square shapes, which affected SKT’s understanding, in which SKT claimed 

that these methods were better than the others. 

To understand the problem, SKT made a plan by realizing certain formulas that would be used to 

solve the problem. SKT used the formula for the ratio of the sides of an isosceles triangle. SKT also 

understood the importance of reading the questions repeatedly to check again if there was any information 

that was not clear, so that later it would not be difficult to resolve the problems at hand. Additionally, to 

understand the problem, SKT monitored his understanding by incorporating prior knowledge and experience. 

SKT also predicted a good time to understand the problem. Before taking the next step in solving the 

problem, SKT re-evaluated the results. 

The next step in solving geometry problems was to plan a solution method based on the subject’s 

learning experience. SKT, in planning for the problem-solving, involved prior knowledge and experience, by 

linking the known information and the asked problem to the question and choosing the most effective 

strategy to be able to solve the given problem. In addition, STK made plans by creating a problem-solving 

plan, then SKT monitored what it had planned to solve the problems. At the end, SKT also re-evaluated the 

created plan by re-reading the questions and looking back at what he had written in accordance with the 

given problems. SKT also estimated the time it took to develop a problem resolution plan. 

SKT, in solving the problem, first identified the size of the angle on each side of the flat rectangle. 

Since the length of the outside diagonal of the square was known, the angles formed by the diagonal had a 

measurement of 45°. Then, two isosceles triangles were formed from a square shape that had one diagonal. 
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In this case, SKT focused on an isosceles triangle. Therefore, SKT first calculated the perpendicular side of 

the isosceles triangle. SKT calculated the vertical side from the ratio of the sides in an isosceles right triangle, 

namely 1: √2: 1. SKT explained that the angles formed from the triangle are 90°, 45°, and 45°. Therefore, to 

determine the vertical side by calculating the reference number in question multiplied by the known side 

length, the result was divided by the known reference number. SKT was therefore aware of using declarative 

knowledge, namely linking factual information with developed strategies in order to arrive at the right 

solution. This can be seen in Figure 4, which shows a section of the results of the solution. 

 

 

 
 

Figure 4. The troubleshooting stages provided by SKT 

 

 

The last stage conducted was to re-examine the results of the obtained solutions. In this phase, SKT 

re-examined the results by recalculating the answers that were given by looking back at the problem and 

matching the results of the answers received. This characterized SKT who was aware of using declarative 

knowledge when re-verifying the obtained solutions. SKT also checked the arithmetic operations used and 

the units used. SKT believed that the results corresponded to the purposes and goals of the given problems. 

This shows that SKT was aware of including procedural knowledge and conditional knowledge in the 

verification of the solutions obtained. This is in line with the results of research by Sutama et al. [33], which 

states that students with high confidence are able to carry out planning steps, make important decisions for 

themselves, and solve problems well. Therefore, a student with a high belief in solving mathematical 

problems would have increased awareness related to their metacognitive activities, ranging from planning, 

monitoring, and evaluating the results achieved. 

SKR, in an effort to understand the issue, first identified the important information contained in the 

problem. To understand the problem, SKR read it over and over again. However, SKR did not rewrite the 

information on the provided answer sheet. SKR used the knowledge that he had previously associated with 

the given problem, so that he knew the goals and objectives of the questions asked correctly and could 

determine the appropriate and effective strategies to solve the problem. Even without rewriting the factual 

information contained in the question, SKR was still able to complete it well. What SKR identified included 

the knowledge and learning experience the subject already had regarding the problem. 

SKR planned to use the ratio of the sides of an isosceles right triangle. After obtaining the side of 

the isosceles right triangle, SKR calculated the total length of the timber needed and then calculated the 

money to spend. Therefore, SKR could incorporate previous knowledge and experience related to geometry 

material in the subsection of the Pythagorean theorem with a comparison of the sides of an equilateral right 

triangle. SKR, however, could not determine the time required to develop a problem resolution plan. This 

identified SKR in an effort to develop a problem-solving plan that involved procedural knowledge, namely 

realizing the application of knowledge related to the steps in the problem-solving process. 

SKR directly wrote the aspect ratio of the isosceles right triangle. SKR had previously created two 

isosceles right triangles, the first of which was the length of the hypotenuse 80√2cm, while isosceles right 

triangle times the length of the hypotenuse was √2. SKR compared the sides of the isosceles right triangle 

the way the upright side was compared to the hypotenuse. Figure 5 shows the results of the troubleshooting 

Translated. 

Is know: diagonal length 80√2 cm 

  Big angle 45° 

  Price per meter of wood Rp40,000.00 
Asked: Length of wood does Mr Firman need and costs 

incurred? 

Answer:  

𝑢𝑝𝑟𝑖𝑔ℎ𝑡 𝑠𝑖𝑑𝑒 =
𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛 𝑓𝑖𝑔𝑢𝑟𝑒𝑠 𝑎𝑠𝑘𝑒𝑑 𝑓𝑜𝑟

𝑘𝑛𝑜𝑤 𝑐𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛 𝑓𝑖𝑔𝑢𝑟𝑒𝑠
× 𝑘𝑛𝑜𝑤 𝑠𝑖𝑑𝑒 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 

       =
1

√2
× 80√2 = 80 cm 

      𝑏𝑎𝑠𝑒 𝑠𝑖𝑑𝑒 =
1

1
× 80 = 80 cm 

      𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑜𝑜𝑑 = 𝑠 + 𝑠 + 𝑠 + 𝑠 

                                        = 80 + 80 + 80 + 80 = 320 cm 

320 cm = 320 ÷ 100 = 3.2 m 

Costs required= 3.2 m × 40,000.00 = 128,000.00 

So, the length of wood needed and the cost according to Mr. 
Firman is 320 cm and Rp128,000.00 
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provided by SKR. SKR also could not predict how long it would take to solve the mathematical problem 

using such a solution. This characterized SKR who consciously used procedural and conditional knowledge 

when performing geometric problem solving. 

 

 

 
 

Figure 5. Stages of problem resolution specified by SKR 

 

 

SKR did not carry out the phase of re-examination of the given solutions. SKR was satisfied that the 

solution given was correct and therefore considered it unnecessary to re-check the results obtained. This indicated 

that SKR was not aware of the need of evaluation of the results obtained. This also yielded that a student with low 

belief in solving mathematical problems might influence awareness related to their metacognitive activities, 

beginning with planning and monitoring, but not engaging in any activities to re-evaluate the results. 

It can be seen that there are differences and similarities in both of the subjects’ metacognitive abilities 

to understand geometric problems, and to determine the solutions of the problem at hand, namely about the 

planning, the appropriate strategies, and the incorporation of their existing knowledge. The plan utilized by the 

subjects to understand the problem was by reading the questions carefully. If they had not found the purpose of 

the questions asked, both subjects decided to read the questions slowly and repeatedly, so that they could find 

the important information contained in the questions, which in this case related to the information known and 

the information requested. This is consistent with Tobias and Everson’s idea [34] which says that the ability to 

differentiate the known information from the unknown is prominent for academic success. This is also in line 

with Woolfolk et al. [35] who state that choosing which strategy to use, how to begin, and which one to apply 

first are included in the planning of metacognitive problem-solving skills. 

In addition, the two subjects also observed what they were thinking in order to understand the problem. 

Both of them recognized important information and determined the formulas for finding the solution. If they 

understood the problem, they could also ask questions to themselves to reflect on whether the plans laid down 

were consistent with the results achieved. This finding demonstrates their direct awareness on how to perform 

cognitive activities. This result is consistent with several studies [35]–[37]. According to the studies, monitoring 

activity is a direct awareness of a person’s cognitive activities which also manifests the dimension of checking 

progress towards the goals of a problem. 

The SKT subject continued to evaluate the found solution. This is different to the SKR subject, who 

immediately determined the solution from his answer without re-evaluating the found solution. According to 

Pulmones [37], evaluation activities might be in the form of a renewed review of goal achievement and 

reflect which problem-solving strategies are more efficient. Furthermore, evaluation is an activity in which a 

person remembers and reflects on their experiences [38]. A person who has the ability to reflect their 

thoughts not only understands what he/she knows well, but he/she also has the ability in making conscious 

decisions and correcting their mistakes. 

 

 

4. CONCLUSION 

In conclusion, students’ belief in solving mathematical problems affects their metacognitive skill in 

solving mathematical problems (𝑟 = 0.36 and Sig. 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.002 < 0.05). It means that, if there are 

students with high mathematical belief, it is predicted that those students would have high scores in 

metacognitive ability in solving mathematical problems. High-belief students use metacognitive problem-

solving skills to find the right solution to the problem at hand. Students with low-belief in solving problems 

do not always involve their metacognitive skills at every stage of solving mathematical problems. However, 

Apply the concept of side-by-side 

ratios in an isosceles right triangle 

Calculation of the costs incurred 

by companies 

Calculate the total 

length of the timber by 

finding the perimeter of 

the square 
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with every activity student would think about the plans they will carry out and then monitor what they think. 

Although the two subjects can use different problem-solving strategies to find the right solution, they have 

the same meaning. Middle school students with high belief in problem solving are aware of factors related to 

their cognitive activities. Furthermore, these are cognitive and affective experiences that arise consciously in 

any type of processing task.  

In contrast, students with low mathematical belief tend to not evaluate the solutions they find, 

although they are aware of using the knowledge to implement strategies to solve mathematical problems. 

Students with low belief also tend to avoid seriousness when solving problems, thereby reducing awareness 

of their thought processes. This can affect student achievement. The findings and primary outcome could 

potentially serve as a resource for schoolteachers. Teachers can determine the appropriate learning method to 

increase junior high school students’ belief in solving math problems. In addition, by understanding the 

effectiveness of metacognitive skills in learning mathematics, teachers can modify instructional strategies so 

that students can also develop their metacognitive skills for other subjects at school. 
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