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Abstract-It is an article as the result of a study to analysis happening of mathematical students’ 

metacognition changes in solving and describing the characteristic of mathematical problem. The 

metacognition is based on the changes of awareness, evaluation, and regulation as the components of it. To 

make known of them, the writer has determined the indicators of each of the components which are spelled 

out into descriptors in order the process of metacognition changes can be seen. The process of the study 

involved 23 Students of Mathematics Department who finished Differential Calculus lesson as the subjects of 

the study. The subjects of the study were given mathematical problems about the application of function 

derivation to make known of the maximum area of a field. The data of the study was obtained consists of 

mathematical problem worksheet,  record, metacognition questionnaire, and interview transcript. Then, the 

data was analysed by using Glaser’s and Strauss’ constant comparative models. Based on the analyzing, it can 

be inferred that the characterization of mathematical students’ metacognition changes in solving mathematical 

problems can be classified by three categories: (1) metacognition changing process with complete-order 

indicator, (2) metacognition changing process with complete-disorder indicator, and (3) metacognition 

changing process with incomplete indicator. During the happening of the process of metacognition changes, 

the subject of the study, carried out the activities which are suitable to awareness, evaluation, and regulation 

indicators determined.  
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I  ACKNOWLEDGEMENT 

Mathematics  owns direct and indirect objects. According to Gagne (Soedjadi, 2000; Hudojo, 

2008) direct object consists of fact, concept, operation, and principle. While indirect object consists of 

logical thinking capability, problem solving, analytical thinking, positive thinking against mathematics, 

carefulness, perseverance, discipline, and the other cases which will implicitly obtain if someone learn 

mathematics. One of the objects is concept. The orientation of the concept of mathematics can be done 

through learning activity. Djamarah (2008) states that someone who owns the concept could carry out the 

abstraction. So that, he or she is able to translate and invite awareness and form mental representation. 

During understanding the concept, someone needs a specific ability and strategy. Duffin and Simpson 

(2000) states that the ability owned by someone during the understanding the concept is expected to be 

able to re-express the subject communicated to the source of learning, so that could solve the problem. 

Polya (1988) mentions four steps to solve the problem, e.g. understanding the problem, planning 

the action, carrying out the planning, and reflecting the action done. The step expressed by Polya in 

solving the problem is the activity which can be observed during learning activity and as the measurement 

of completeness of learning result. According to taxonomy Bloom, the completeness of learning result is 

differentiated in the field of cognitive, affective, and psychomotor. Anderson, Krathwhol (2001) improves 

taxonomy Bloom cognitive field into two dimensions: the process of cognition and knowledge. The 

process of cognition consists of remembering, understanding, applying, analysing, evaluating, and 

creating. While knowledge is divided into the factual, conceptual, procedural, and metacognition. 

  Metacognition consists of meta and cognition. Meta, Greek, means after or behind and cognition 

is the process of getting knowledge. (Zahmeister & Neyberg. 1982). Metacognition can be related to the 

activity of solving problem, knowledge, and cognition or the strategy used during the learning process. At 

first, the term of metacognition was used by Flavell in 1976. According to him, metacognition consists of 

knowledge, experience, and regulation. Besides, Flavell stated that metacognition is use as the important 

element and play an important role in the success of problem solving. However, someone often fail to 

solve the problem. The main cause of it is the lack of metacognition aspect, especially relating to the steps 

of problem solving. (Schoenfeld, 1992; Goos, 1995;). In its progress, metacognition can help mathematics 
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thinking process effectively. (Clarke, 2004). While Schoenfeld regards that the difficulty of solving 

problem is closely related to student’s disability to observe and control their process of cognition 

(Schoenfeld, 1987).Some studies of the relationship between  metacognition and problem solving had 

been carried out, such as Desoete (2001), Lioe (2003), Wilson & Clarke (2004), Cromley (2005), Efklides 

(2006), Lesh (2007),  Panauorra (2009), Kuzle (2011), Molenar (2011), Karan & Irizary (2011), Magiera 

& Zawojewski (2011), In’am (2012), Praba (2013), Zarimah & Tajudin (2013). The studies have not 

expressed the characteristic the process of metacognition in detail. Relating to the process of problem, 

researchers did their studies to describe the characteristic of the process of metacognition to mathematical 

students in solving mathematical problems. The characteristic of the process of metacognition in the study 

is described based on awareness, evaluation, and regulation, the components of metacognition. 

 

II. THEORITICAL STUDY 

A. The definition of Metacognition 

 Friedrichs & Hoyt (1976) calls metacognition in term of metamemory, while Veenman (2012) 

describes it as two main parts: knowledge of metacognition and regulation, and observing metacognition. 

Knowledge of metacognition is an offer of interaction between someone’s knowledge and ability to do his 

or her duties, characteristic of duties, and strategy used to solve them. Regulation or observation of 

metacognition is the activities relate to one’s planning, monitoring, evaluating, and the process of 

cognition to control the process. Metacognition is a process which has four important aspects. According 

to Baker & Brown (1984), the four aspects are self-controlling, planning, evaluating, and monitoring. 

Wellman (1985) states that metacognition is a form of cognition or a process more than second level of 

thinking which involves controlling of cognition activities. That’s why, metacognition can be said as a 

someone’s thought about thinking of her or his self or someone’s knowledge of cognition. 

  Besides having four aspects, according to Schoenfeld (1992), metacognition is a process of 

someone’s thinking about being thought and interaction among three important aspects: knowledge of 

thinking process, self-controlling, and intuition. The interaction is very important for the knowledge of 

process of cognition can assist and control cases around us and select the strategies to increase our further 

cognition ability. The process of metacognition, according to Schoenfeld,  are the ability to question and 

answering the questions about case, topic and subject, duration of time used by the students to study a 

certain topic, strategy, method and tactic, level being studied, failure done by the students, and dong 

revision to the next plan. 

 Livingstone (1997) defines metacognition as thinking about thinking. In other word 

metacognition is someone’s ability to think about he or she thinks, so that metacognition object is 

thinking process happens to her or himself. Biryukov (2003) expresses that metacognition is someone’s 

prediction about his or her thinking consisting of knowledge, skill, and experience. The knowledge as 

awareness of what being known, skill of awareness of what being done, and experience as awareness of 

cognition ability owned. 

Davidson & Sternberg (1998), states that metacognition has a very important function and 

contributes towards the success of problem solving which enable someone to identify and work 

strategically. Matlin (1998) states that metacognition is a knowledge relating to awareness and cognition 

process. Wellman (1985) states that metacognition is a form of cognition or two levels or more thinking 

process involves control to cognition activity. That’s why metacognition can be said as someone’s 

thinking of his/her-self or someone’s cognition of self-cognition. 

  Tan (2003) states that metacognition is thoughtfulness refers to think of self-thinking, self-

controlling, self-checking, and information processing and how to process the information effectively.  

Lioe (2003) states that metacognition is someone’s awareness of cognition process and stand lone lines to 

reach a certain goal. Metacognition appears in problem solving whose components are attitude, skill, 

concept, process, and metacognition.  Peirce (2003) defines metacognition in general and specific. In 

general, metacognition is thinking of thinking. While in specific, Peirce adopts Taylor’s metacognition 

definition saying that metacognition is an appreciation of what is known relating to the ability to make a 

right conclusion of how to apply someone’s knowledge of strategy in a certain situation, and to do it 

efficiently and perfectly.Taccasu (2008) describes metacognition is a part of planning, monitoring, and 

evaluating the process of teaching and learning, thinking of what being known, or unknown and control 

the way to learn involving those two awareness and someone’s learning awareness, so that learning will 

be effective. Mokos & Kafoussi (2013) states metacognition is someone’s ability to observe and control 

her/him-self towards the known thing. During learning process, mathematics is an important thing of a 

study of students’ metacognition process during solving problem focussed on the field of problem solving 

relating to mathematics.  
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  Based on the definitions above, it can be identified the main meaning of metacognition, e.g. (1) 

metacognition is soul ability in cognition group, (2) metacognition is the ability to aware, know, the 

process of cognition happens in someone, metacognition is the ability to direct cognition process in 

someone, (3) metacognition is the ability to learn how to learn being done in the process of planning, 

observing, and evaluating, metacognition is a high thinking activity for the activity can control thinking 

process be doing on someone, and (4) metacognition relating to students thinking process of his/her 

thinking in order to find a suitable strategy to solve problem, (5) the skill of metacognition is very 

important to solve mathematical problem, so that the skill need to increase. To increase metacognition 

skill needs awareness owned by students in each steps of their thinking. Student’s awareness is needed to 

think when solving the problem. 

 

B. The Components of Metacognition 
 Magiera & Zawojewski (2011) find that metacognition happened during giving assignment in 

the class. Metacognition happening in the students has three components, e.g. awareness, evaluation, and 

regulation. During the process of metacognition, it can be seen the appearing activities in every 

components of metacognition called as types of metacognition activities. The types of awareness consist 

of what the students know, what the students need to solve the problem, what the students must do, where 

the students solve the problem. The types of evaluation consist of result evaluation, students’ difficulty 

problem of evaluation, progress ability or understanding evaluation. The types of regulation consist of 

planning strategy, selecting strategy of problem solving, formulating the goal. 

 Awareness, according to Wilson & Clarke (2002, 2004), relates to someone’s awareness in the 

process of learning or in the process of solving problem, the content of specific knowledge owned, and 

someone’s knowledge in learning or strategy of solving problem. It is also about someone’s knowledge 

about what is needed, what has done,  what can be done in a certain learning or situation in solving the 

problem. Evaluation refers to evaluation made by someone about thinking process, ability and limitation, 

such as working in a certain situation or as a self-complication. For example, someone can make 

evaluation about thinking effectiveness done or strategy chosen. Regulation in metacognition happens 

when someone uses his/her skill of metacognition to direct knowledge and thought and refers to 

individual knowledge in the form of strategy, such as how and why using certain strategies, as well as 

skill, such as planning, self-correction, decide the goal to optimal the usage of their own cognition source. 

 Metacognition components stated by Wilson & Clarke (2002,2004) and  Magiera & Zawojeski 

(2011) has indicators as variable and measurement. However, how the process of changes among the 

components of metacognition has not analysed deeper yet.  Sriraman (2003) has considered students 

about the relationship between their knowledge and what is needed in problem situation given, as 

Stillman & Gabraith (1998). Evaluation has been described and studied concerning the students explicit 

reflection during the process of solving problem, the function of evaluation in determining the strategy in 

solving problem. Make a decision in systematic evaluation, alternative plan, and strategy insolving 

problem (Lester, 1980; Lester, Garafalo, & Kroll, 1989). Regulation has been clarified in the form of 

student flexibility in choosing a solution plan, choosing strategy, and plan implementation improved by 

Lester (1989),  Zan (2000). 

 

C. THE METHOD OF THE STUDY 
The study done is qualitative descriptive whose subject is 23 university students. The method 

and steps of study are (1) giving mathematical problem to the students who have got Differential Calculus 

as the subject of the study. The mathematical problems are about function downward application to 

determine maximum and minimum value. The problems have been validated by 2 experts in mathematics 

and mathematics education. During doing the problems, the subject do  and being recorded. (2) 

Researchers correct the result of students’ works based on the answer-key made before. Based on it, 

subjects of study are classified into high, middle, and low ability students. (3) Give questionnaire.It is 

given after the students finish doing mathematical problem. It consists of 14 items to measure the process 

of metacognition happened to the students. It is the improvement of research done by Biryukov (2001), 

Azsoy & Ataman (2009), Meriam & Idrus (2010), Panaoura (2010), Sengul & Katransi (2013). (4) Doing 

the interview. It is based on the result of students’ works,  record,questionnaire answers. It is done to 

make deeper known about the characteristic of the process of awareness, evaluation, and regulation. It is 

done after students carry out . Interview protocol is arranged by improving the indicators of awareness, 

evaluation, and regulation. (5) Doing transcription the record of  and interview. The transcription is done 

for obtaining the data of each of the subject of the s tudy of the characteristic of metacognition process 

during finishing mathematical problem relating to students ability.(6) Reduce the data. Reducing the data 
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is done by making abstract in the form of summary of data core, process, and statements done by the 

subject of the study in finishing mathematics problem as well as arranging the data in parts which will be 

categorised by coding. (7) Data analysing, analysing metacognition process each of the subjects of the 

study though each indicators awareness, evaluation, and regulation. (8) Data validation, data validation is 

done using triangulation technique and checking classmates through discussion. Triangulation used is 

source one, that is comparing the result of observing during the subject finishing mathematical problems, 

the result of students works, , questionnaire answers, and interview. 

 

D. THE RESULT OF STUDY AND DISCUSSION 

The data of the study is in the form of the result of student works of finishing mathematical 

problems, the record of , the answers of metacognition questionnaire and the interview transcript is 

studied and analysed qualitatively.  The theory design built by the researcher is analysing the 

characteristic of the student metacognition process in finishing mathematical problems through indicators 

of awareness, evaluation, and regulation. Based on the theory design, the result of analyse of the study is 

grouped into category of characteristic of student metacognition process of high, middle and low ability. 

During the study, researchers gave mathematics problems to 72 students of Department of 

Mathematics Education who finished programming the subject of Differential Calculus. The process of 

metacognition was observed to describe and analysis. Description and analysis done relate to the 

characteristic awareness, evaluation, and regulation. The result of the initial observation and analysis 

show that 23 students did the complete metacognition as follows: 6 students are in high ability, 9 students 

are in middle ability, and 8 students are in low ability. 

Based on the result of the study, each of the subjects of the study in each group has characteristic 

which are relatively same. So hat, there are 6 subjects of data explanation done by the researchers in 

describing the characteristic of the process of metacognition. They are 2 high ability students symbolized 

by S-1 and S-2, 2 middle ability students symbolized byS-3 and S-4, and 2 low ability students 

symbolized by S-5 and S-6. 

Next, the characteristic of metacognition process of those three subjects of the study were 

examined through the indicators of awareness, evaluation, and regulation. The component of awareness 

has 5 indicators. They are the subject of the study re-think of what was known about given mathematics 

problems given (A1), re-think the question of mathematical problems and related it to the similar problem 

gotten and done before (A2), re-think the undone thing (A3), re-think the next steps to do (A4), and re-

think the steps done (A5). 

The component of evaluation has 5 indicators. They are the researchers re-think the way to solve 

the problems (E1), re-think the order and steps to do (E2), re-check the answers (E3), re-think whether the 

answers are right or wrong (E4), and re-think the failure done in answering mathematical problems which 

were given in the last way (E5). 

 The component of regulation has 4 indicators. They are the subjects of the study re-think and 

make a plan to finish mathematical problems (R1), re-think the different way done in answering 

mathematical problems (R2), re-think of what will do after finishing answering mathematical problems 

(R3), and re-think how to change the way. The process of the happening of metacognition can be 

described as follows: 

 

A. The Process of High Ability Students Metacognition 

  The subject of the study in high ability S-1 and S-2 have same characteristics of metacognition 

process. During the metacognition process, S-1 and S-2 show the activity that describes the characteristic 

of component indicators awareness, evaluation, and regulation. When finishing mathematics problems, 

the indicators of mathematical problems appeared in order: A1, A2,A3, A4, A5, E1, E2, E3, E4, E5, R1, 

R2, R3, and R4.The order of appearing indicators on S-1 and S2 can be seen on the figure 4.1 
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Figure 4.1: Metacognition Process S-1 and S-2 

 

B. The Process of Middle Ability Students Metacognition  

The middle ability subject of the study, S-3 and S-4 carried out metacognition process with 

complete indicators but disorder. When finishing the problems, the indicator in S-3 appeared in order A1, 

A2, A3, A5, A4, E1, E2, E3, E4, E5, R1, R3, R2, and R4. The indicator in S-4 appeared in order A1, A2, 

A3, A4, A5, E1,E2, E3, E4, E5, R1, R2, R4, R3. 

The order of appearing indicator in S-3 can be seen in figure 4.2 and the order of appearing 

indicator in S-4 can be seen in figure 4.3 

 
Figure 4.2:  The process of Metacognition S-3    Figure 4.3:  The Process of Metacognition S-4 
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C. The Process of Low Ability Students Metacognition  

The low ability subjects of the study are S-5, and S-6. The changes of metacognition process S-5 

and S-6 showed the activities that described the characteristics of indictor awareness, evaluation, and 

regulation. When finishing mathematical problems, the indicator in S-5 appeared in the order A1, A3, 

A2, A4, A5, E1, E2, E3, E4, R1, R3, R2, R4, R3.The order of appearing indicator in S-5 can be seen in 

figure 4.4 and the order of appearing indicator in S-6 can be seen in figure 4.5 

 

 
 

Figure 4.4:  The process of Metacognition S-5           Figure 4.5:  The Process of Metacognition S-6 

 

The finding of the result of the study can be related to the previous theory as the basic of the study. 

If relating to the opinion of Wilson and Clarke (2002, 2004), each of the characteristic of the components 

are activities concerning with someone’s ability to think of what he/she has done when finishing the 

problem. The problem of the study is how the subject of the study can find out the believed ways as the 

answers of the mathematical problems. The belief of the subject of the study is based on the process of 

evaluation and regulation done and as a part of abilities to observe and control him/her-self toward 

something known. Self-controlling can be done when finishing the problems (Mokos & Kafoussi, 2013). 

In a accordance with the indicator during the process of metacognition happened, it can be seen that the 

activities are the types of metacognition activities.The type of awareness is what the students know, what 

students need to finish the problems, what the student must do, where the students were. The type of 

evaluation activities result of evaluation, grading of students’ difficulties problems, grading the 

improvement, ability, and understanding. The type of regulation activity is the strategy of planning, 

selecting the strategy, formulating the goal. Magiera & Zawojewski (2011). 

 

E. CONCLUSION 
Based on the data analysis, it can be inferred that high ability students are in complete and order 

of their characteristic of metacognition process, middle ability students are in complete and disorder of 

their characteristic of metacognition process,while low ability students are in incomplete of their 

characteristic of metacognition process. 

               The complete and order of characteristic of metacognition process is in S-1 and S-2, the 

complete and disorder of characteristic of metacognition process is in S-3 and S-4, and the incomplete 

characteristic of metacognition process is in S-5 and S-6 can be in detail as follows:  The component 

awareness with A1 brings out 6 characteristics, A2 brings out 7characteristics, A3 brings out 

5characteristics, A4 brings out 8 characteristics, and A5 brings out 4 characteristics. The component of 

evaluation with indicator E1 brings out 6 characteristics, E2 brings out 6 characteristics, E3 brings out 6 

characteristics, E4 brings out 4 characteristics, E5 brings out 4 characteristics. The component of 
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regulation with the indicator R1 brings out 5 characteristics, R2 brings out 3 characteristics, R3 brings out 

4 characteristics, R5 brings out 6 characteristics. 

The explanation of the order of indicator of 6 subjects of the study can be clarified as in the following 

table. 

 

TABLE 1: The Order of Metacognition Process of Subject of Study 

No. The Subject of the Study 
The Component of 

Metacognition 
The Order of Indicators 

1. S-1 and S-2 Awareness A1, A2, A3, A4, A5 

Evaluation E1, E2, E3, E4, E5 

Regulation R1, R2, R3, R4 

2. S-3 Awareness A1, A2, A3, A5, A4 

Evaluation E2, E1, E3, E4, E5 

Regulation R1, R3, R2, R4 

3. S-4 Awareness A1, A2, A3, A4, A5 

Evaluation E1, E2, E4, E4, E5 

Regulation R1, R2, R4, R3 

4. S-5 Awareness A1, A3, A2, A4, A5 

Evaluation E1, E2, E3, E4 

Regulation R1, R3, R2, R4 

5. S-6 Awareness A1, A2, A3, A5 

Evaluation E1, E2, E3, E4, E5 

Regulation R1, R2, R4, R3 
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