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Abstract  This study aims to analyze: the level of students’ metacognition in mathematical problem-solving skills. 
The subjects of this study were students of grade X at Private Madrasah Aliyah Al - Asy'ariyah Medan Krio. The 
objects of this research were students’ metacognition level and mathematical problem-solving skills. The results 
showed that: the level of students’ metacognition in mathematical problem-solving skills of 32 students were:  
(1) Students with high levels of problem-solving skills were at the level of metacognitive strategy use; (2) Students 
with the medium level of problem-solving skills were at the level of metacognitive aware use; (3) Students with low 
levels of problem-solving skills were at the level of metacognitive tacit use. 
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1. Introduction 

Mathematics has a crucial role in life because 
mathematics is needed in all disciplines. Considering the 
importance of mathematics in life, in the Indonesian 
curriculum, mathematics is one of the subjects that exist at 
all levels of education, ranging from elementary to college 
level. According to [1], "Mathematics needs to be taught 
to students because (1) it is always used in all aspects of 
life, (2) all fields of study require appropriate mathematical 
skills, (3) a means of communication that is strong, 
concise, and clear, (4 ) can be used to present information 
in a variety of ways, (5) improve the ability to think 
logically, accuracy, and awareness of the room, and  
(6) provide satisfaction with efforts to solve challenging 
problems ". 

The learning objectives of mathematics formulated by 
the National Council of Teachers of Mathematics [2] are: 
(1) learning to communicate (mathematical communication), 
(2) learning to reason (mathematical reasoning), (3) learning 
to solve problems (mathematical problem solving),  
(4) learning to link ideas (mathematical connections),  
(5) the formation of a positive attitude towards 
mathematics (positive attitudes toward mathematics). 

One of the goals of learning mathematics in the 21st 
century is that students can have higher-order thinking 
skills. The process of teaching and learning mathematics 
today is more directed at the ability to solve problems. It 
is in line with the recommendation of [2] that the focus of 
mathematics learning in school is problem-solving.  
 

According to [3], problem-solving is an attempt to find a 
way out of difficulty and achieve goals that cannot be 
achieved immediately. 

Problem-solving is one type of intellectual skills that, 
according to [4], is higher in degree and more complex 
than other types of intellectual skills. [4] argues that in 
solving problems, complex rules or high-level rules are 
needed, and high-level rules can be achieved after 
mastering well-defined rules and concepts. Likewise, 
defined rules and concepts can be mastered if supported 
by a concrete understanding of concepts. After that, in 
order to understand the concrete concepts, skills in 
differentiating are needed. 

Reference [5] also states that solving mathematical 
problems will help students to improve their ability  
to analyze and use them in different situations.  
Problem-solving also helps students in learning with facts, 
skills, concepts, and principles through the illustration  
of the application of mathematical objects and  
the links between these objects. In solving problems, 
students are not only required to be able to find  
solutions to the problems, but the stage of thinking in 
problem-solving is also an important thing to be 
considered by educators in developing students' problem-
solving abilities. 

Lester [6] states that the primary purpose of teaching 
problem-solving in mathematics is not only to equip 
students with a set of skills or processes, but rather to 
enable students to think about what they think. Thinking 
about what is thought, in this case, is related to students' 
awareness of their ability to develop various ways that 
might be done in solving problems. According to [6],  
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the process of realizing and organizing students'  
thinking, known as metacognition, includes thinking about  
how students make approaches to problems, choosing 
strategies used to find solutions, and asking themselves 
about the problem. 

[7] defines, “metacognition is thinking about our 
thinking, and it comprises of the following three important 
aspects: knowledge about our thought processes, control 
or self-regulation, and belief and intuition.” [8] provides a 
more complex explanation of metacognition, “definition 
of metacognition, to include the knowledge of one's own 
cognitive and affective processes and states as well as the 
ability to consciously and deliberately monitor and 
regulate those processes and states.” Metacognition has  
an important role in learning mathematics especially  
in developing students' mathematical problem-solving 
abilities. 

The importance of metacognition related to problem-solving 
skills in mathematics learning was stated by [9] that the 
implications of metacognition are not only in mathematics 
learning but in monitoring students' thought processes to 
develop positive character and personality formation  
that can be developed in each learning. Students are said 
to have metacognition if, in mathematical problem-solving 
abilities students can fulfill the following stages:  
(1) compiling an action plan, (2) monitoring problem-
solving actions, and (3) evaluating problem-solving 
actions [10]. 

Based on the results of the 2012 PISA study [11], 
Indonesia ranked 64 out of 65 participating countries, or in 
other words, ranks second lowest of all PISA participating 
countries. It surveyed with an average score of Indonesian 
students' mathematical abilities of 375. The score was 
below the international average score of 494. The factors 
that caused the low achievement of Indonesian students in 
PISA were the weak ability to solve non-routine or high-
level problems. The questions tested in PISA consisted of 
6 levels (lowest level 1 and highest level 6), and the 
questions that were tested were contextual in which the 
problems were taken from the real world. Students in 
Indonesia were only accustomed to routine questions at 
level 1 and level 2. It can be concluded that metacognition 
in Indonesian students' mathematical problem-solving 
abilities is low. 

Metacognition can be developed through problem-solving 
skills. Problem-solving is done by involving awareness of 
the thought process and the ability to self-regulate, so as to 
enable the building of a strong and comprehensive 
understanding of the problem along with logical  
reasons. Students are said to be able to solve problems  
if in solving problems-solving problems do 4 stages, 
namely: (1) Understanding the problem; (2) Devising a 
plan; (3) Carrying out a plan; and (4) looking back [3]. 

The stages of problem-solving by Polya, are the stages 
that have significant impacts on the regulation of 
cognition in problem-solving. Departing from Polya's 
ideas about the stages of problem-solving, it can be said 
that all the stages proposed lead to students' awareness and 
regulation of the processes implemented to obtain 
appropriate solutions. 

Based on the description above, the purpose of this 
study is to determine the level of metacognition students 
in mathematical problem-solving skills. 

2. Method 

This type of research was qualitative research. The 
subjects of this study were students of grade X IPA - 2  
at MAS Al-Asy’ariyah Medan Krio. The objects of  
this research were students 'metacognition level and 
mathematical problem-solving abilities. The instruments 
used consisted of: a test of mathematical problem-solving 
ability with metacognition questions and interview 
guidelines. The purpose of this study was to analyze the 
level of metacognition of students in mathematical 
problem-solving skills and metacognition difficulties of 
students in mathematical problem-solving skills in 
problem-based learning in MAS Al-Asy'ariyah Medan 
Krio. 

3. Results 

After learning on the material equation and inequality 
of absolute value of linear one variable, the meeting 
continued by giving a test to see students' mathematical 
problem-solving skills. Corrected answer sheets based on 
scoring guidelines were judged based on valid, objective, 
fair, integrated, comprehensive, and continuous, 
systematic, criteria-based, accountable principles [12]. 
Based on the corrected results (attachment), the level of 
mathematical problem-solving skills is presented as 
follows: 

Table 1. Level of Students Mathematical Problem-Solving Skill 

No Score Interval The number 
of students Percentage Category 

1 3,18 < SPMM <  4,00 8 25,00% High 

2 2,18 < SPMM <  3,17 15 48,88% Medium 

3 1,00 < SPMM <  2,17 9 28,13% Low 

 
Based on Table 1 above, it can be seen that the 

percentage of problem-solving skills of high-ability 
students is lower than medium and low abilities. The 
results of the 32 students 'mathematical problem-solving 
skill test obtained the level of students' mathematical 
problem-solving abilities which spread over three levels, 
are presented in Diagram 1 below: 

 
Figure 1. Diagram Level of Students Mathematical Problem Solving 
Skills 
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students has the highest proportion, followed by  
low-ability students and subsequently high-ability students. 
Thus, the level of mathematical problem-solving skills of 
students with high ability as is 25.00%, the medium ability 
is 48.88%, and low ability is 28.13%. 

Based on the results of students ' problem-solving skills, 
the researchers looked at students' metacognition in 
problem-solving. Students' metacognition in mathematical 
problem-solving skills was obtained from tests given after 
learning. The results of students' metacognition are 
presented in Table 2 below: 

Table 2. Students’ Metacognitive Levels 

No Level of Metacognition The number of students Percentage 

1 Reflective Use 1 3,13% 

2 Strategic Use 6 18,75% 

3 Aware Use 15 46,88% 

4 Tacit Use 10 31,25% 

 
Based on Table 2 above, it appears that the percentage 

of the level of reflective use has a lower proportion than 
the level of metacognition of strategic use, tacit use, and 
aware use. The results of the mathematical metacognition 
of students are 32 people. It is obtained the level of 
mathematical metacognition of students which spread over 
the four levels of metacognition, presented in Figure 2 
below: 

 
Figure 2. Diagram of Students' Mathematical Metacognitive Levels 

Based on Figure 2 above, students who have 
metacognition with the level of reflective use are only 1 
student (3.13%), the level of strategic use is 6 students 
(18.75%), the level of aware use is 15 people (46.88% ), 
and tacit use level of 10 people (31.25%). 

According to Swartz and Perkins [13], the level of 
awareness of one's thinking when solving a problem is 
divided into four levels, namely: (1) tacit use, (2) aware 
use, (3) strategic use, and (4) reflective use. Students' 
thinking awareness was measured based on the 
metacognition indicator, according to [10], namely (1) the 
planning stage, (2) the monitoring phase, and (3) the 
evaluation phase. 

In Figure 2 above, there is only one student who is at 
the level of reflective use. It means as a whole, at the stage 
of thinking awareness, students can solve problems 

according to the stage of awareness of thinking well. Six 
students are at the level of strategic use. It means as a 
whole, in the stage of thinking awareness, students can 
solve problems according to their thinking awareness 
quite well. Fifteen students are at the level of aware use. It 
means as a whole, at the stage of thinking awareness, 
students can solve problems according to their thinking 
awareness poorly. Ten students are at the level of tacit use. 
It means as a whole, in the stage of thinking awareness, 
students are not able to solve problems in accordance with 
the awareness of thinking well. 

Students with high category problem-solving skills 
have a good level of metacognition. It can be seen based 
on students' answer sheets for problem-solving ability 
tests and metacognition questions. These results can be 
seen in Figure 3 for the following test 2 questions: 

 
Figure 3. Problem-Solving Skill Test Questions 

Based on the results of the field, from 32 students, only 
one student answered completely, and correctly, 22 
students answered incomplete, and nine people answered 
incomplete and many errors. Following is one of the 
answers of students with high mathematical problem-
solving abilities, presented in Figure 4: 

 

Figure 4. The Students’ Answer of Mathematical Problem Solving Skills 
Test 

0.00%
5.00%
10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%
45.00%
50.00%

0
2
4
6
8

10
12
14
16

Reflective 
Use

Strategic 
Use

Aware 
Use

Tacit Use

Total Students Percentage

 



922 American Journal of Educational Research  

Based on the results of the mathematical problem 
solving answers of high-skilled students in Figure 3, 
students are able to carry out the stages of mathematical 
problem solving, according to Polya, namely, understanding 
the problem by understanding what is known and asked 
from the problem by explaining the problem in the form of 
their own language. At the stage of making a completion 
plan (devise a plan) based on information provided, 
students can make a mathematical model and make a 
linear absolute value equation of one variable to find the 
fastest and longest time an athlete to run as far as 2 miles. 
At the stage of carrying out a problem-solving plan (carry 
out a plan), students use a plan that has been prepared and 
do the calculations correctly. In the ‘look back’ stage, 
students can recheck the results obtained or interpret the 
results obtained in the context of the problem by giving 
their arguments. 

For students with high ability problem-solving answers, 
an analysis of the metacognition results was also carried 
out. High ability student answer sheets would be analyzed 
based on metacognition stages, according to [10], namely 
the stage of developing a solution plan, the stage of 
monitoring problem solving, and the stage of evaluating 
problem-solving. The answer to students’ metacognition 
in solving problems, in high-ability students, according to 
the metacognition indicators is as follows: 

1) Developing a solution plan 

 
Figure 5. Mathematical Metacognition Questions 

 
Figure 6. The Students’ Answer of Mathematical Metacognition  

Based on the results of the students' metacognition 
answers in Figure 6, it is found that high-ability students 
are able to answer appropriately for the stage of 
developing a problem-solving plan on the criteria for 
achieving aspects of the indicators, namely (a) students 
who are at the level of strategic use are able to explain the 
prerequisite material in solving problems correctly, 
although not complete, (b) students who are at the level of 
strategic use are able to explain plans to solve problems 
appropriately but are incomplete, and (c) students who are 
at the level of reflective use are able to determine plans for 
the use of time and give reasons for the use of time 
appropriately. 

2) Monitoring problem-solving 
Based on the results of the students' metacognition 

answers in Figure 8, it is found that high-ability  
students are able to answer appropriately for the stage of 
monitoring problem solving on the criteria for achieving 
aspects of indicators, namely (d) students who are at the 
level of reflective use are able to explain the reason for re-
reading the questions and show seriousness in understand 
the problem to be solved by themselves, (e) students who 
are at the level of strategic use are able to explain how to 

solve problems that will be used appropriately but 
incomplete, and (f) students who are at the level of 
reflective use are able to explain the reasons that the 
completion process is done well and thoroughly with the 
language of high confidence. 

 
Figure 7. Mathematical Metacognition Questions 

 
Figure 8. Students’ Answer of Mathematical Metacognition 

3) Evaluating problem-solving actions 

 
Figure 9. Mathematical Metacognition Questions 

 
Figure 10. Students' Answers of Mathematical Metacognition  

Based on the results of the students' metacognition 
answers in Figure 10, it is found that high-ability students 
are able to answer appropriately for the stage of evaluating 
problem-solving actions on the criteria for achieving 
aspects of the indicator, namely (g) students who are at the 
level of reflective use are able to explain the reason for the 
solving made based on their understanding of what they 
are learning, (h) students who are at the level of reflective 
use are able to interpret the results of the answers obtained 
in accordance with the context of the problem with the 
mathematical model and provide arguments appropriately, 
(i) students who are at the level of strategic use are able to 
explain in part what they have learned from solving 
problems that have been made correctly. 

4. Discussion 
Problem-solving skills after learning can be described 

and discussed according to research data for each level of 
mathematical problem-solving skills. Based on the written 
results that have been done, it can be concluded that the 
percentage of problem-solving abilities of high-ability 
students is lower than medium ability and low ability. 
High-ability students were 25.00%, students with 
moderate abilities were 48.88%, and low-ability students 
were 28.13%. 

The results of students' mathematical problem-solving 
skills data are also followed by the results of their 
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metacognition. Students with high levels of problem-
solving skills, which were at the level of strategic use 
metacognition, were 21.88%. It means that students have 
good awareness at several stages of metacognition. The 
stages include students are able to write things that are 
known and things that are asked correctly; students are 
able to represent problems into mathematical models; 
students are able to choose and implement appropriate 
strategies to solve problems; do calculations correctly; and 
are able to interpret the results of the settlement in 
accordance with the context of the initial problem. 

Students with a medium level of problem-solving skills, 
which were at Aware Use metacognition level were 
46.88%. It means that students have enough awareness in 
several stages of metacognition. They include students can 
write things that are known and things that are asked 
correctly; students can represent problems in the 
mathematical model; students can choose and implement 
the right strategy to solve the problem but have not been 
able to do the calculations correctly. 

Students with low problem-solving skills who were at 
Tacit Use metacognition level were 31.25%. It means that 
students do not have a good awareness in several stages of 
metacognition, i.e., students are not able to write things 
that are known and things that are asked correctly, 
students are not able to represent problems into the 
mathematical model, students are not able to choose and 
implement the right strategy to solve the problem, do not 
do the calculations correctly, and do not interpret the 
results of the settlement in accordance with the context of 
the initial problem. 

Students who were at the Strategic Use metacognition 
level had a lower proportion than students who were at the 
Aware Use and Tacit Use level of metacognition. Based 
on these results, it can be concluded that the average 
problem-solving skills of class X MAS Al-Asy'ariyah 
Medan Krio students are in the medium category. 
Research data follow that the average level of 
metacognition of grade X MAS Al-Asy'ariyah Medan 
Krio students is in the Aware Use category. Based on this 
result, we can see that there is a relationship between 
students 'mathematical problem-solving skills with 
students' mathematical metacognition. In other words, 
students who have good mathematical problem-solving 
skills will also have good metacognition. Vice versa, 
students with low mathematical problem-solving skills 
will have low metacognition as well. The results of this 
study reinforce the results of previous studies conducted 
by [14], who stated that "there is a positive linear 
relationship between metacognitive awareness and 
cognitive skills." 

The results of research on students' metacognition 
processes in solving mathematical problems show that 
when developing plans or action strategies, students with 
high academic abilities are aware of their thought 
processes by identifying information given in the problem 
and restating it in a more operational form by writing out 
the known variables in the problem. It is in line with the 
research of [15], which states that only students with high 
academic ability can properly evaluate or assess the results 
of their written work so that only students in this category 
can answer all problem questions with the correct result. 

[16] conducted a study with the results showed that in 
metacognitive knowledge, students who solve problems 
correctly are not aware of their strengths. Whereas in the 
metacognitive experience, students do not ask themselves 
about the steps that must be taken and do not estimate how 
long it will take to carry out the completion plan. 
Furthermore, in metacognitive knowledge, students who 
make mistakes in solving mathematical problems are not 
aware of their strengths and weaknesses, do not realize  
the knowledge that can be used, and do not know the 
reasons for using a strategy. Whereas in metacognitive 
experiences students do not ask themselves about the steps 
that must be done, do not realize there is an error in 
understanding the problem, do not realize how well the 
results work in understanding the problem, do not know 
how the correct strategy, do not realize there is an error in 
preparing the strategy, do not realize how well the strategy 
is used, do not estimate how long it will take, do not 
realize there are mistakes in carrying out the plan of 
completion, do not realize how well the results of their 
work in carrying out the plan of completion, are not aware 
of the mistakes made in solving mathematical problems 
and do not realize how well they work in solving 
mathematical problems.. 

5. Conclusion 

Students who are at a high level of problem-solving 
skills are at the level of metacognition of strategic use. 
They show awareness of their abilities, can know what 
they are going to do and can select strategies or special 
skills to solve problems. Students who are at the medium 
level of mathematical problem-solving skills are at the 
level of metacognition aware use. They are aware of their 
weaknesses and begin to realize that they must use a 
problem-solving step by explaining why they chose that 
step. Students who are at a low level of mathematical 
problem-solving skills are at the level of tacit use 
metacognition. They are less aware of their abilities, are 
less aware of their weaknesses when solving problems, 
and apply strategies in solving problems without specific 
awareness and origin in answering problem-solving 
without regard to the truth of the answers. 
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