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Abstract 

 
This qualitative study was conducted on students of class IX SMP and aims to 

explore students' thinking in solving mathematics problem were portrayed 

using a cognitive map. The development of this instrument about decision-

making based on the curriculum of junior high. Procedure of data collection 

begins with subject are asked to work on the issue with think a loud. The 

results of the work and think a loud of students then analyzed. The results 

showed that when portrayed using a cognitive map was found that thinking of 

students in solving mathematics problem are different, as shown by strategy 

used when solving problems. In addition, research by cognitive maps can be 

used as a tool to the discover error of students thinking, explore the 

construction process of understanding students' and explore the characteristics 

of student thinking. 
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INTRODUCTION 
In this decade, some researchers revealed that a study related to thinking process is 

important in the study of mathematics education (Prayitno, 2015, 2016; Subanji & 

Nusantara, 2013). Therefore, students' mathematical thinking ability needs to be 

developed in learning mathematics in school. On the contrary, this ability is seldom 

trained or raised by teachers in learning mathematics. The learning process of 

mathematics used by teachers only rely on the mastery of basic skill, procedural 

ability, rules, and more emphasis on memorization also concerned on the final 

outcome of the process. In this case, show that teachers are only secure themselves. If 

there is any material that is considered difficult, teachers may use pre-memory 

techniques and provide exercises as much as possible. In fact, the 2006 and 2013 
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curriculum showed that teachers need to provide the opportunity for students to 

develop logical, analytical, systematic, critical, and creative thinking ability, as well 

as the ability to work together in solving mathematics problem. 

As disclosed Yuwono (2009), thinking level achievement of Indonesian students is 

only 6% who reached the stage of high level thinking, and 1% reached the advanced 

level thinking. Indonesian students’ thinking achievement is on a low level, lower 

than thinking achievement of Singapore students (77% reached high level thinking 

and 44% reached the advanced level thinking and Malaysian students (30% reached 

the stage of high level thinking and 6% reached the advanced level thinking). In 

addition, on the international study TIMSS 2011 (Subanji & Nusantara, 2013), the 

achievement of 8 grader in mathematics education on junior high school is at a low 

level (386 score), lower than the previous year (397 score) so that deliver Indonesia 

on the order of 38 among 45 countries. The low achievement reflects the 

achievements of content aspect and cognitive aspect of students. Content aspect 

includes numbers, algebra, geometry, along with data and probability. Meanwhile, 

cognitive aspect includes knowledge, application and reasoning. With a maximum 

score of 100, Indonesian students were only able to achieve a score of 24 for the 

number, 22 for algebra, 24 for geometry, and 29 for data and probability. While 

cognitive achievement percentages are respectively 35% knowledge achievement, 

40% application achievement and 25% reasoning achievement. With these results, it 

seems that Indonesian students have difficulty in solving mathematics problem. 

Moreover, Indonesian students are also weak in terms of knowledge, application, and 

reasoning in mathematics. 

The above facts, shows that our students more emphasis on reading, writing and 

calculating ability (calistung). If the ability which required is only calculating and the 

exam’s questions is massively, asking more about calculation or procedural ability, 

then our students will be more concerned with the final outcome of the process. They 

might even ignore thinking ability. The importance of students to think has been 

seeded in the mathematics learning objectives curriculum in 2006 that is to train how 

to think and reason in drawing conclusions through research, experiment, showing 

similarities, differences and consistencies and inconsistencies (Depdiknas, 2006). The 

matching with the curriculum in 2006, NCTM (2000) formulate mathematics learning 

objectives namely: (a) mathematical communication, (b) mathematical reasoning, (c) 

mathematical problem solving, (d) (mathematical connections, and (e) positive 

attitudes toward mathematics. Remembering that thinking skill is one of the important 

aspects in learning mathematics, so the study of students' thinking on mathematics 

problems needs to be studied.  

Thinking is the process of obtaining information, processing information, storing 

information, and recalling information that is controlled by the brain (Slavin, 1997). 

Thinking occurs when a person is currently faced with a complex problem that 

requires a solution. In addition, the opinion Krulick & Rudnick (1995) show that 

thinking can be divided into four categories, namely recall, basic, critical and creative. 

The lowest level of thinking according to (Krulick & Rudnick, 1995) is recalling. This 

thinking character is reflective that is recalling the concept or mathematical formulas, 
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for example 5 + 2 = 7. The next level of thinking is the ability to understand 

mathematics concepts so that the concepts can be applied to solve the problems 

encountered. The next stage is critical thinking. This thinking process is thinking that 

can correlate and evaluate appropriate strategies to be used in solving the problems. 

Similar disclosed Prayitno, Subanji, & Muksar (2016) and Prayitno, Sutawidjaja, 

Subanji, & Muksar (2014) identified that critical thinking is marked by the process of 

constructing and evaluating the solving strategies to be used in solving the problems. 

The last thinking process is creative thinking. This thinking process produce the new 

and original final outcome. 

Thinking undertaken by students is often reflected on completion result. Therefore, 

thinking that is done by students in solving mathematics problem can be seen from 

their behavior in form of assignment completion result (Prayitno, 2015, 2016). 

Moreover, thinking can be explored through the work result of students in 

constructing and solving mathematics problem (Subanji & Nusantara, 2013). To be 

able to explore the students' thinking, thing that needed is knowledge on how to 

portray students' thinking. In their research result (Gutiérrez, Jaime, & Fortuny, 1991) 

explain that cognitive map/cognitive style can be used to study in depth about the 

uniqueness of thinking process. It shows that by using a cognitive map the students’ 

thinking method in solving mathematics problem can be explored. 

Some researchers explore students’ thinking process by using a cognitive map. From 

the research’s results showed that cognitive map can describe the causality of 

phenomena and concepts also can be modeled (Pena, Sossa, & Gutierrez, 2007); 

Cognitive map can be used as a guide to get to the next step in order to obtain 

directions to think further (Jacobs & Schenk, 2003); cognitive style or thinking style is 

used as a mediator to the students’ work in solving geometry problems with the theory 

of Van Hielle (Perdikaris, 2011); and cognitive map can be used to explore student’s 

mistakes in constructing mathematical concepts (Subanji & Nusantara, 2013). 

Cognitive map or also called as cognitive mapping is a technique for representing how 

the subject thinks about a certain problem or situation, so that researchers can have a 

certain attitude for the next step (Ackermann, Eden, Cropper, & Cropper, 2004). 

Cognitive map is a person's perspective on the subject, which is qualitatively 

described by the concept which is connected to be able to predict the causality 

behavior. Therefore, students’ thinking process in solving mathematics problem can 

be explored by using a cognitive map. Cognitive map or Cognitive map can be 

described as follow. 

 

 

 
 

Figure 1.The Model of Cognitive Map (Pena et al., 2007) 
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RESEARCH METHODS 

This study explored the students’ thinking in solving mathematics problem using a 

cognitive map. Therefore, this study is classified as descriptive qualitative study. 

Subjects of the study were junior high school students of IX grade which scattered in 

Malang namely SMPN 21 Malang, SMP Al Kautsar, and SMPN 1 Jabung and SMP 

SKJ Jabung. The subjects were choose because the subject had studied the material of 

statistics. The instrument was in form of the story problem in the context of decision-

making about ranking. The instrument used in this study was an instrument that was 

adopted from the previous studies (Doerr & English, 2003). The following instrument 

was given at the time of data collection. 

Customers' Satisfaction Problem in a Restaurant 

 

Observe the 

table! 

Your task is to 
order the 
menus from the 
most liked one 
to the most 
disliked one by 
customers!  
Give your 
explanation to 
the answers. 

 Fries Burger 
Kids 

Meal 
Quickness 

Chocolate 

Sundae 

Customer 1 1 3 2 5 4 

Customer 2 4 3 1 2 5 

Customer 3 2 1 5 3 4 

Customer 4 2 3 5 4 1 

Customer 5 1 2 4 3 5 

Customer 6 3 4 5 1 2 

Customer 7 4 5 1 3 2 

Customer 8 1 2 5 3 4 

Customer 9 2 3 4 1 5 

Customer10 2 1 5 4 3 

 

Figure 2. Problem of decision making (Doerr & English, 2003) 

Data collection began with giving an instrument to the students to be solved by raising 

their voice. This method is known as think aloud (Samkof, Lai, & Weber, 2012). 

Researcher recorded the verbal expression and recorded the behavior of the students, 

including the unique things that subjects did when solving the problems. When one 

student finished, researcher did the same for other students until obtained the desired 

subject. The process of selecting subjects performed until obtained saturation of the 

data, it means appear the same or remains characteristics of several subjects for each 

characteristic. 

 

RESULTAND DISCUSSION 
Some research findings on the subjects in solving problem is obtained as follows, (1) 

the result answers by subjects from 5 schools had almost the same characteristics of 

answer and (2) solving strategies that used including sum, average, correlating the 

score with the ranking and Talley method. Based on the solving strategies, the 

researcher conducted an analysis to the results of students' work. Subjects who used 

the sum strategy referred as the subjects 1 (S1), subjects used the Talley strategy 



Construction Students’ Thinking in Solving Mathematics Problem.. 2739 

referred as the subjects 2 (S2), subjects used the average strategy referred as the 

subjects 3 (S3), and subjects who used correlating score and ranking strategy referred 

as the subjects 4 (S4). The following are explanation of analysis result of subjects’ 

works. 

 

Analysis result of the subjects 1 (S1) to the answer with the sum strategy. 
The following is one work results by S1 with sum up the ranking on each menu. 

 

 
 

Figure 3. The work result by S1 with sum up the rankings on each menu 

 

Based on work result, S1 performed addition operation on each menu. The rankings 

on each menu summed up and the result as in the table. However, the process of how 

the S1 get ideas for summing takes a long time, when asked by researcher, S1 

answered " I have nothing on my mind, about what I want to do", after that, researcher 

continued to monitor developments of S1 on solving the problem, until finally S1 

tried to sum all rankings on each menu. Researcher asked, "how did you do it?" Then 

the student answered"... because there are digits on the table, so I tried to sum up the 
digits...". This shows that the S1 experienced reflective thinking. In this case, when 

students are faced with digits, they will always try so the digits can be operated. The 

thinking method ofS1 often happens at the other students. When students are given a 

problem in form of digits and having collision, they will always tend to operated it. 

The situation that carried out by S1 is the existence of idea that each digit can be 

operated such as added, divided, multiplied, or subtracted.  

The next process, S1 realized that the sum which has done still need to be replaced in 

form of ranking. As explained by S1 in an interview "...after I summed up all digits, i 
gave each sum a ranking. The least sum I gave first rank because the least digit on 
that table is ranking 1". Here is the overall result of students' answer. 

 

 

Figure 4. The work result by S1 correlating sum and ranking 
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Responses from S1 in this interview, is trying to uncover the existence of relation 

between sum and ranking. In this case, S1 correlate between sum and ranking. So 

from the responses, the students conclude that the lesser the sum of ranking on the 

menu, the higher the ranking will be. If researcher review on the concept of thought 

(Prayitno, 2016), so the process experienced by S1 is critical thinking. In this case, 

students correlate the sum of ranking with sequence patterns, thus bring up a new 

ranking to the sum of ranking. The following is thinking process by S1 when 

portrayed using a cognitive map. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The thinking process by S1 using a cognitive map. 

 

Analysis result of the subjects 2 (S2) to the answer with the Talley strategy. 

The following is one of work results by S2 using Talley method on each menu. 

 

 

 

Figure 6. Thinking process by S2 with Talley strategy 

 

Based on the work result, S2 performed frequency grouping based on the total of 

customers by using Talley method. The thinking process by S2, began with trying out 

to recall solving strategy on previous problems (data processing). In this case, S2 

Problem 

Digits on 

table 

Ooperating 

+, -, x, : 

Sum up the 

ranking 

Ranking= 

digit 

angka 

The most to the 

least sum 

Reorder the 

ranking 

order= 

ranking 

ranking 

Finish 

The least sum, 

the highest rank 
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interpreted the total of customers who choose the menu using frequency. For example, 

there are three customers who like fries menu most, that is interpreted by (1: ΙΙΙ). 

Each ranking then compared on each menu. From five menus, fries got the first rank, 

because there are many customers who like fries most, more than the other menus. If 

there are the same frequencies on the same ranking on each menu, then S2 compared 

the total of frequencies on the previous rank (ranking 1). This is consistent with 

statement S2 expressed in work. Because there are the same frequencies on ranking 2 

on two menus namely burger and chocolate sundae, so it can be seen from the other 

priorities that is the total of frequencies on the ranking 1. Here are the reasons of S2 

when determining ranking 2. 

 

 

 

Figure 7. Reason by S2 in determining the menu that get ranking 2 

 

Based on interview to the students in determining the ranking 2 "... To determine the 
ranking 2, I examined the total of frequency on ranking1 of burger and CS. Because 
the frequency on ranking 1 of burger more than CS, so I choose burger over 
chocolate sundae ". From the S2’s answers, it is obtained S2’s finding choose burger 

over CS as ranking 2, S2 was trying to find the association of total frequencies on 

burger and CS with each previous frequencies. The previous frequencies when 

determining the ranking 2, made as consideration to choose between two menus for 

the second rank. In this case, S2 associate frequencies on the menu with the previous 

frequencies so that the previous frequencies could be used as consideration to get the 

answer. The analogue process happened when S2 determine the third rank of each 

menu. 

In determining the ranking 3, S2 tried to use elimination system on one of the menus 

because the menu has gotten ranking 2. In determining the ranking 3, S2 found the 

total of frequency on ranking 3, soobtained2 menus namely burger and Quickness. 

The following is quote by S2, "... because the burger has gotten ranking 2, so 
Quickness get the ranking 3". Thinking conducted by S2, using the elimination that is 

eliminate the burger menu because it has gotten ranking 2. So S2, bringing up aspects 

of associatingranking2 and 3. Furthermore, the total of frequencies also used to 

determine the ranking4 and 5. 

When viewed from the concept (Prayitno, 2016), it appears that S2 experienced 

critical thinking and occur the reconstruction of new knowledge in determining the 

ranking of the menu when there are the same ranking. In this case, students correlate 

the frequencies of the previous ranking, which bring up the appropriate decision. The 

following is thinking process by S2 when portrayed using a cognitive map. 
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Figure 8. The thinking process by S2 using cognitive map 

Analysis result of the subjects 3 (S3) to the answer with the average strategy. 

The analysis result to answer by S3 using average method has the similarity with 

work result by S1 using sum method. The following work result by S3 on solving 

mathematics problem using average method. 

 

Figure 9. Work result by S3 using the average strategy 

Problem 

Grouping the customers who 

choose the menu 

Ordered by using 

Talley 

Comparing the 

frequency on each 

menu in rank of-i 

Determining the 

ranking of each 

menu  

Grouping the 

ranking 

Finish 

The total of 

customer = 

frequency 

material: data 

processing 

Ranking 1: the most 

frequencies 

Ranking 2: the same 

frequencies 

Rank of 4-5: the least 

frequencies 
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Based on work result, S3 solved by finding the mean (average) on each menu. 

Average finding process conducted by S3, has often done when confronted with the 

form of the above problem. Researcher said "how did you use average method?", and 

then S3 explained "... I remember about the material on statistics, so I use the concept 
of mean, i find the average of each menu" then "... I associate with the total of ranking 
and the ranking, after that I divide it by 10 because there are 10 customers?" 
Furthermore, researcher tried to ask again "why not divided by 5?", Then S3 reiterated 

the reason "... according to this problem, something that need to be find is which 
menu the customer like most, then cause I summed up the digits on each menu, so I 
divided it by the total that aim sum", so that from work result obtained unequal 

average among 5 menus. Furthermore, S3 associated the average with the ranking. 

Menu that had the lowest average was given the highest rank (ranking 1) which 

further ranked till ranking 5. The thinking process conducted by S3 began with 

finding average on each menu, which then recreated the rankings based on the 

average. If thinking structure viewed by cognitive map, then the thinking process of 

S3 is as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. The thinking process by S3 using cognitive map 

 

Analysis result of the subjects 4 (S4) to the answer with the scoring and ranking 

strategies. 

The work result by S4 has similarity with S2 which using Talley strategy, but there 

are some differences. Based on the work results of S4, the student performed 

frequency grouping based on the total customers using Talley method. Interview 

result on the subject is "... collected how many customers were choosing the menu .." 
then "... I wrote, as it was based on experience of working on such matters, I wrote in 
like this ". From S4’s responses to the Talley strategy, S4 try to recall the context that 

Problem 

Digits on 

the table 

Operating 

+, -, x, : 

Divide by 10 

Total customers 

is 10  

The most to the 

least average 

Recreate the 

ranking 

Correlate the 

average and the 

rank 

Finish 

The least average 

the highest rank 
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S4 has with the problem encountered. The work method done by the S4, has similarity 

with S1. However S4, continued the next step didn't see the previous frequency as on 

S1. 

In this case, S4 try to do reflection on the solution of the problem. Reflection that 

revealed is S4 knowledge to perform data calculations by Talley method. Here is the 

work result of S4 using Talley. 

 

 
 

Figure 11. Work result of S4 with Talley strategy which associated with the  

score and ranking 

 

Furthermore, on the work result of S4 explicitly write the highest rank (ranking 1) 

was given a score of 5, and so on until the ranking 5 was given a score of 1. Based on 

the work result, S4 tried to multiply the score by the ranking. Furthermore, the 

product of the score and the ranking on each menu are summed up. This thinking 

method of S4 is associating between the rankings and the scores, in this case the total 

ranking multiplied by the score. If on the first rank, then it multiplied by the score of 

5and so on. 

Based on interviews with the S4 obtained "... I gave point or score to every ranking I 
gave 5 to the ranking 1, and so on. Next I summed up the products of ranking 1 to 5, 
from that way I found the solution... ". What has been done by S4is a reverse order, so 

that the best ranking has the highest score. Here are the reasons delivered by S4. 
 

 
 

Figure 12. Reasoning by S4 when making decision about food menus 
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The work result done by S4 is a combination of frequencies (S2) and the sum of 

scores (S1), but S4 work using the reverse order. If in S1 is based on the least sum, 

but on the S4 is based on the most sum. So it can be said as reverse order. In this case, 

S4 try to associate between scores and rankings, so that the sum of each menu can be 

used as consideration to bring up the rankings on the menus. The following is 

thinking process by S4 when portrayed using a cognitive map. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. The thinking process by S4 using cognitive map 

 

 

CONCLUSIONS AND RECOMMENDATIONS 
There are four strategies used by subjects in solving mathematics problem about 

rankings: a) the sum strategy, b) Talley strategy, c) the average strategy and d) 

correlation between the score and ranking strategy. In addition, the thinking process 

that occurred in each subject undergoing a process of critical thinking, this is 

indicated by when the subject gained menu with the same ranking, so that subjects 

seek other alternative that used as consideration to make a decision. In this case, the 

subjects correlate between the rankings and scores in deciding the menu on the same 

ranking. Further studies on the thinking process and cognitive map is a cognitive map 

can explore the thinking mistake location, characteristics of thinking and construction 

process of students’ understanding in mathematics problem. 

 

Problem 

Grouping the customer who 

choose the menu  

Ordered using Talley 

Grouping the 

ranking 

Total customers = 

frequency 

Material : data 

processing 

Correlation 

between ranking 

and score 

 
Multiply score by 

frequency 

 Sum up the rankings 

The greatest to the least 

amount 

Reorder the 

ranking 

Order=ranki

ng 

Finish 

The greatest amount the 

highest ranking 
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