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Abstract  The development of reflective thinking has 
been a highlight and important in the education of 
prospective mathematics teachers. It provides them with 
the opportunities to take a conscious and logical decision 
on the complex problems they faced. The quality of the 
problem solving and reflective thinking will differ 
between one student and another due to their 
characteristics. This study presents a description of 
reflective thinking skills of prospective teachers in solving 
mathematical problems based on the difference in 
cognitive style. The instruments used in this study consist 
of (1) GEFT cognitive-style test, (2) a mathematical 
problem solving task which is a non-routine and 
open-ended (3) the interview guidelines based on the 
reflective thinking component. By choosing analysis of 
qualitative approaches, the data of interviews that are in 
the form of interview’s transcript based on mathematical 
problem solving results are gathered from two students of 
prospective mathematics teachers as research participants. 
One prospective teacher use cognitive field independent 
style (PTFI) and field dependent style (PTFD). Research 
findings show that PTFD tends to use the experience to be 
implemented in mathematical problem solving but PTFD 
cannot utilize the new information contained, so that 
PTFD has a reflective-dynamic characteristic. While PTFI 
tends to use the experience to utilize the new information 
contained in the problem in order to construct the problem 
solving strategy so that PTFI has reflective-generative 
characteristic. It is indicated that there are differences in 
the characteristics of reflective thinking process among 
prospective teachers based on difference of cognitive 
style.  
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1. Introduction
One of the objectives that must be achieved in 

mathematics learning for the prospective teachers’ 
students is possessing problem solving skills and able to 
apply logical, critical, systematic and innovative thinking 
in the context of development or implementation of 
science and/or technology in accordance with the field of 
expertise. It is contained in the regulation of the Minister 
of Research, Technology and higher Education of the 
Republic of Indonesia number 44 year 2015. Regarding 
the thinking abilities, Demirel et al. [1] revealed that one 
of the thinking skills needed to be enhanced in 
mathematics learning is a reflective thinking skill where 
the development of reflective thinking is the center of 
mathematics Education. This statement shows that the 
development of reflective thinking has been a highlight 
and important in mathematics education, especially in the 
education of prospective mathematics teachers. It can 
underlie the importance of knowing the reflective thinking 
in the education of prospective mathematics teachers. 

Therefore, reflective thinking skills become one of the 
most prominent issues on education of teacher profession 
[2-4]. This skill can be applied in learning to solve 
mathematics problem since it can bring out the curiosity 
of students [5]. In addition, this reflective thinking skill 
provides students with the opportunity to take a conscious 
and logical decision on the complex problems they faced 
[6]. Further, it helps someone in forming concepts and 
abstractions and also developing new concepts that 
ultimately result the solution of the problem given [7]. 
This indicates that reflective thinking can be identified 
through the process of problem solving of prospective 
teachers in using mathematical concepts and knowledge to 
find a solution of the problems. This was emphasized by 
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Jonassen [8] and McGregor [9] that the process of 
problem-solving is the process of implementing all the 
knowledge in both new and unusual situations. Thus, the 
quality of the problem solving will differ between one 
student and another due to their characteristics. 

One of the factors affecting the problem solving process 
is cognitive style [10]. Saracho [10] states that cognitive 
styling is a characteristic in the thought process that is 
consistent and reflected in individuals when the individual 
processes the information. In addition, Riding et al., [11] 
state that cognitive styles refer to individual tendencies 
and consistencies in understanding, remembering and 
organizing, thinking and solving problem. The difference 
in cognitive style is indicated to affect students' ability in 
reflective thinking and mathematical problem solving. 
This assumption is emphasized by the opinion of Bodine 
[12] that cognitive style has a correlation with intellectual 
and perception behavior. Intellectual is related to a 
person's ability to think, while the perception is related to 
someone's ability to perceive or interpret something. 

The cognitive style studies in this study focused on 
cognitive styles developed by Witkin et al., [13] namely 
field-independent and field-dependent cognitive styles. 
Field-independent individuals tend to have analytical 
characters, choosing a response based on a situation that 
occurs, resulting in a perception that is only partially 
influenced by a change in situation. Further, Witkin et al., 
[13] revealed that field-dependent individuals are prone to 
meet difficulty in facing different situations so that there 
is a perceived sense of perception influenced by changes 
situations that occur. Hence, it can be argued that 
individuals who have field-independent cognitive style 
have a tendency to respond to situations based on their 
views that are analytic, while individuals with 
field-dependent cognitive styles have a tendency to 
respond the situations based on the situation they face. 

With the difference in cognitive style, it is possible that 
students solve problems by responding to the problem 
based on the perception they have, therefore in order to 
identify the reflective thinking skills of prospective 
teachers, the process of solving mathematical problems 
conducted by prospective teachers based on cognitive 
style can be used. Hence, the author considers that it is 
necessary to know the ability of reflective thinking 
students in the mathematics problem solving by also 
considering the elements of the student's cognitive style in 

this case, the cognitive style of the field independent and 
field dependent they have. By paying attention to this 
aspect, an overview of the impact of cognitive-style 
differences on the reflective thinking skills of the 
prospective teachers in mathematics problem solving will 
be obtained. Thus, in this paper the author aims to provide 
answers of research question: How is the impact of 
cognitive-style differences on the reflective thinking 
process of prospective teachers in solving mathematical 
problems? 

2. Research Methods 
Based on the research question as a starting point 

outlined in the introduction, a descriptive study with a 
qualitative approach analysis is chosen in order to answer 
the question [14,15] with the design type as a case study 
[16,17]. This is in line with the purpose of research that 
intends to deeply describe the meaning of phenomenon 
(reflective thinking process of prospective teacher’s 
students in solving mathematical problems based on 
dimensions or differences in cognitive style) and object 
characteristics of the case studied are limited [16] which 
are two students of prospective mathematics teachers at 
Universitas Muhammadiyah Makassar, Indonesia, who 
were selected as the subjects in this study. Each of the 
prospective teacher with field-independent style (PTFI) 
and field-dependent style (PTFD). 

The instruments used in this study consist of (1) GEFT 
cognitive-style test instruments developed by Witkin, et 
al., [13] consisting of 25 items using the criteria of Kepner 
and Neimark [18]. If the subject gets 0 ≤ the score ≤ 9 
then it categorized as the dependent field. Furthermore, if 
the subject gets 10 ≤ the score ≤ 18 it is classified as an 
independent field; (2) a mathematical problem solving 
task sheet used in the study is a non-routine and 
open-ended mathematical issue designed to acquire data 
related to student problem-solving strategies using 
reflective thinking skills (3) the interview guidelines, 
which are used to collect data through interviews to 
research subjects in a directed way. The questions asked 
refer to the process of reflective thinking according to the 
study [19]. The aspects of the reflective thinking 
components are examined in the study adapted from 
Dewey [20], Lee [21], Rodgers [22] and Zehavi and Mann 
[23] which are detailed in the following Table 1. 
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Table 1.  A Reflective Thinking Process Descriptor in Solving Mathematical Problems 

Reflective Thinking Stages Descriptor 
Description of problem based on the 
experience 

The process of describing or formulate problems using the knowledge and previous 
experiences possessed and associating the information explicitly stated in the problem 

Elaboration of the concepts in 
generating solution process based on the 
experience 

The process of elaborating concepts in order to produce ideas to form problem-solving 
strategies by using the knowledge and previous experiences owned and associating those 
ideas to build solution strategies 

Analysis of solution by using insight 
based on the experience 

Analyzing the completion strategies undertaken using knowledge and previous learning 
experiences and considering the relevance of experience with information from the problem 
purpose related to the problem solving 

Evaluating selected solution based on 
the experience 

Evaluate the solutions that have been conducted by associating previous knowledge and 
experiences to acquire a conclusion that is more believed to be true 

 

To analyze the research data that has been collected, a 
research analysis was used with qualitative approach of 
research that produces descriptive data, namely speech or 
writings and behaviors that can be observed from the 
subject itself. Before being analyzed, the data credibility is 
examined using time triangulation and member-check [24] 
[25]. In this case, the interview transcript data of the 
problem solving tasks in two stages of triangulation is 
used to determine the data credibility, hence the valid data 
obtained. 

3. Results 
In this section, the results obtained from the subjects of 

reflective thinking in solving mathematical problems will 
be described as follows. 

3.1. Reflective Thinking Process with 
Field-Independent Cognitive Style of Prospective 
Teacher’s Students (PTFI) in Solving Mathematics 
Problem 

In the stage of description of problem based on the 
experience, PTFI reformulates the problem by using its 
own sentence in accordance with the order of information 
contained in the problem based on the knowledge invaded. 
PTFI identifies that the problem is related to the concept 
of geometry and algebraic counting operations. If 
associated with experience and knowledge, the problems 
faced by PTFI are related to linear programs as it requires 
the concept of multiplication, addition, division and 
subtraction, two-variable linear equations and inequalities, 
algebra, geometry. Further, the difficulties faced by PTFI 
when solving problems are related to the skills of making 
mathematical models, drawing, use of operations and 
strategies in solving problems. While, based on 
experience or knowledge, PTFI has difficulty in using 
operations and mathematical models.  

In the stage of elaboration of the concepts in generating 
solution process based on the experience, PTFI identifies 
the two concepts needed to solve a problem namely the 
concept of the operation of algebraic and geometry. PTFI 
tends to use good drawing strategies on both current and 

previous issues. PTFI explains the difficulties faced when 
implementing a strategy which are related to inaccuracy 
and less concentration due to time constraints when 
solving problems. For them, the completion strategy could 
be developed by adapting or modifying the previous 
strategy. Regarding the development of the completion 
strategy, PTFI has expressed positive impacts (facilitating 
completion) and negative (time consuming). PTFI 
explains that a drawing strategy is a more effective 
strategy and makes it easy to check solutions and easily 
associate answers with problems. 

In the stage of analysis of solution by using insight 
based on the experience, PTFI identifies 2 (two) excellent 
problem solving criteria that is problem solving done in a 
sequence (step by step); and accuracy of understanding 
problems. PTFI identifies 4 (four) aspects for effective 
problem solving; namely (a) understand the meaning of 
each word; (b) create a mathematical model; (c) perform 
mathematical calculations; (d) interpret the results 
obtained with the context of the problem. PTFI identifies 
two strengths (the completion of more than one way and 
the drawing strategy) and two shortcomings (less 
thorough and concentration) related to the problem 
solving. PTFI fixes the weakness by multiplying the 
practice of doing test or other problems. 

For the stage of evaluating selected solution based on 
the experience, PTFI chooses the completion procedure by 
drawing as it facilitates and convinces the PTFI to obtain 
the correct answer. PTFI discloses the procedure used in 
accordance with the principles and rules of mathematical 
operations which (1) record all the known information 
contained in the problem; (2) record what is asked of the 
question; (3) perform the completion stage of the 
mathematical problems he faced; (4) re-check both the 
process and the result of the answer obtained, whether it is 
in accordance with the purpose of the problem. To find 
out whether the solutions have answered the problems, 
PTFI checks several times of the completion in several 
ways, which is resulting in varying answers. To test 
internal consistency or errors in the operation or procedure 
of problem solving, PTFI checks the completion 
associated with the operations used. The subject reassures 
itself by interpreting the results of the breakdown gained 
into the context of the presented problem. 
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3.2. Reflective Thinking Process with Field-Dependent 
Cognitive Style of Prospective Teacher’s Students 
(PTFD) in Solving Mathematics Problem 

At the stage of description of problem based on the 
experience, PTFD describes problems with their own 
sentences on an irregular basis based on the order of 
information contained in the problem. PTFD identifies 
that problems are related to the concept of the algebraic 
counting operation. If associated with experience or 
knowledge, the problems faced by the PTFD are related to 
measurement. The difficulties faced by PTFD when 
solving problems are related to problem solving strategies. 
Meanwhile, based on experience or knowledge, the 
difficulty of the subject is associated with unchastity to 
transform from one form to another.  

For the stage of the elaboration of the concepts in 
generating solution process based on the experience, 
PTFD proposed one concept required (algebraic calculate 
operations related to summation, subtraction, 
multiplication and division) to solve the problem. PTFD 
solves the problem with a "reading to understand the 
problem" strategy because it makes it easier and also the 
easiest to be understood. PTFD explained the difficulties 
of implementing a strategy related to the "workaround" 
due to the PTFD idea of changing its context to facilitate 
the completion process of the problems he faced. PTFD 
explains that there is a tendency to implement the same 
strategy when facing the problem of "reading to 
understand".  

While at the stage of analysis of solution by using 
insight based on the experience, PTFD identified 4 (four) 
excellent problem solving criteria namely; (a) understand 
the problem; (b) determine what is known and asked; (c) 
choose the concept of completion; (d) perform a re-check. 
PTFD mentions the advantages related to the problem 
solving that has been done by two different answers so 
that he or she can do the consideration and compare the 
two answers to choose the answer that tends to be correct. 
MPFD identifies strengths (two different answers) and 
deficiencies (answers are ambiguous) and seeks to 
improve the deficiency by improving precision, choosing 
the right concept and the skills of making mathematical 
models.  

In the evaluating stage of selected solution based on the 
experience, PTFD chose the "read to understand" 
procedure to make it easier for MPFD to believe the 
answers gained tend to be true. Furthermore, to find out 
the answers that have been answered, PTFD checks the 
answers obtained by selecting the most appropriate 
answer by recounting and checking the suitability between 
the problems solved with the concepts used. PTFD 
explains that to test for errors in the operation or 
procedure of problem solving, PTFD checks all the 
information used and adjusted to the purpose of the 
problem. 

4. Discussion 
The key findings in this study are the themes compiled 

from the codes generated in the process of the 
data-processing [26]. The category is based on the 
descriptor of the reflective thought process in solving the 
problem as a guide in identifying the required research 
data (see table 1.). This research finally provides a 
description or overview of the reflective thinking of 
prospective teachers' students in solving mathematical 
problems based on cognitive style. The results of these 
studies have shown that both the PTFI and PTFD subjects 
meet all of the reflective thinking components that can be 
explained as follows. 

4.1. Description of Problem Based on the Experience 

In this activity, the subject performs an orientation 
towards the problem. Based on their knowledge, the 
subject understands the problem by describing and 
reformulating the problem using his own language. The 
subject presents all the information contained on the 
problem completely and identifies mathematical facts 
such as concepts, traits and principles related to the 
problem. In addition, the subject gathers new facts based 
on the learning experiences that are concepts, 
mathematical traits and problems that have been found 
before. Afterwards, synthesize ideas are used to choose 
the concepts that are related and relevant to the problems 
faced.  

This is in line with the results of the study conducted by 
King and Kitchener [26] stating that reflective thinking 
helps someone in solving complex problems, because 
reflective thinking helps someone in identifying concepts, 
facts, formulas, and theories relevant to the solution of the 
identified problems. In this activity, both subjects describe 
the problem differently. If the PTFI performs in a 
sequence way, the PTFD performs in a randomized 
manner which is not based on the order of the problems 
presented. This indicates that PTFD tends to be neat and 
structured when conveying information while PTFD tends 
to be random and unorganized when it comes to ideas 
related to the information they acquire.  

This is in accordance with the results of the study of 
Witkin et al., [13] who found that individuals with 
cognitive field independent style tend to be orderly and 
organized whilst individuals with cognitive field 
dependent style tend to be irregular. 

4.2. Elaboration of the Concepts in Generating 
Solution Process Based on the Experience 

At this stage, the subject specifically analyzes the 
concepts or principles and linkages of the concepts or 
principles contained in the problem presented. This is in 
accordance with the findings of research conducted by 
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Sezer [27] stating that reflective students become aware 
and actively assess what he or she knows, what he or she 
should know and how he connects one concept with other 
concepts. Furthermore, the subject identifies the concept 
needed to solve the problem. This indicates there is a 
sense of curiosity in the subject when responding to 
problems presented to them.  

This statement is supported by Ortiz [28] stating that 
one of the important things when reflective thinking is 
curiosity, is that curiosity will explain the phenomena that 
require answers clearly and the desire to seek their own 
answers to the issues raised.  In addition, the findings are 
also supported by the study conducted by Betne [29] 
stating that reflective thinking is a tool for developing 
students' ability to use mathematical concepts.  

Moreover, the subject explains how to choose the 
appropriate operations and strategies in solving the 
presented problems. It is supported by Mcduffie statement 
[30] that the important thing on reflective thinking is the 
act as a tool that promotes thinkers during situations of 
solving problems since reflective thinking provides an 
opportunity to think in choosing the right strategy to 
achieve the goal of the problem.  

Further, the subject explains the difficulties faced when 
implementing a chosen strategy when solving problems 
based on the knowledge and experience he have. Then, 
the subject explains how to adapt the approach or strategy 
used to solve problems with other problems and its impact. 
This statement is supported by the findings of Diana [31] 
that one of the important attributes of reflective thought is 
the ability to modify thinking and action for improvement 
on the next or upcoming problem.  

This indicates that it takes a thought to modify and 
develop a problem solving strategy so that the problem 
solving strategy can be used when solving other problems 
in the future or more complex problems [19]. The 
statement is in line with the results of the research 
conducted by Song et al., [7] stating that reflective 
thinking on problem solving helps a person in forming 
concepts and abstractions and developing new concepts 
that ultimately result in a solution of the given problem.  

The activity done by the subject is that PTFD tries to 
implement a strategy to solve the problem by trying to 
change the context of the question. This is conducted 
because PTFD has difficulty in resolving problems. PTFD 
is unable to implement the concept of the algebraic 
counting operation because it focuses on the questions 
posed on the problem. This indicates that the PTFD 
cannot maximally utilize the new information contained in 
the problem to resolve the problem.  

While PTFI, trying to use a drawing strategy to try to 
solve the problem after facing difficulties in implementing 
the required concepts which are the operation of algebraic 
and geometry counting. Thus, PTFI tried to apply all the 
knowledge he had based on his experience in the new 
situation or problem he faced. In addition, PTFI uses the 

new information contained in the problem and uses it to 
solve the problem by giving an explanation through the 
image as an illustration of the completion. 

4.3. Analysis of Solution by Using Insight Based on the 
Experience 

The subject describes how to determine the appropriate 
solution criteria. In this activity, the subject identifies the 
criteria of proper resolution based on the knowledge and 
experience that is possessed by the subject. This indicates 
that the subject involves a critical assumption of the 
problem solving. The statement complies with the results 
of the research of Kember [32] stating that reflective 
thinking involves a critical assumption of the content or 
problem resolution process. The subject explains the 
advantages and disadvantages of the solution and explains 
how the efforts to improve the weaknesses are owned or 
performed when solving the problem.  

This activity indicated that with reflective thinking, the 
subject sought to convey the constriction of reflective 
thinking towards the completion of the subject. It is 
supported by the statement of Hsieh [33] that strategies or 
ways with reflective thinking have a positive impact on 
improving student learning performance achievements, 
where reflective thinking can be used as a creative way to 
intensify student involvement in the mathematical 
problem-solving process. 

4.4. Evaluating Selected Solution Based on the 
Experience 

The subject describes how to decide which procedures 
or operations to use at the time of problem solving. This 
activity corresponds to the findings of Gurol [34] who 
states that reflective thinking as a process of directional 
and precise activities where individuals are aware to 
analyse, evaluate, motivate, gain profound meaning, use 
the right strategy in resolving a problem. Thus, the subject 
can decide on the exact strategy used in the problem 
solving. Further, the subject explains whether the solution 
or the answers obtained answered the problem presented. 
It is explained that the subject clarifies the completion 
done by the subject. This statement is supported by the 
results of the research conducted by Henderson [35] 
stating that reflective thinking involves analyzing, 
comparing, synthesizing, clarifying, and choosing what 
one does show the reflection activity itself.  

Moreover, the subject describes how to test internal 
consistency or errors in the operation or solution from the 
problem solving. This is in accordance with the results of 
research conducted by Ambrose [36] and Gelter [37], 
stating that reflective thinking has been identified that it 
can give learners the opportunity to justify misconceptions 
by helping students to think what he is doing and why he 
is doing it. Hence, the subject can be more confident with 
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the answers obtained which are likely to be correct 
[38-40]. 

From several explanations above, it can be suggested 
that prospective teachers with cognitive field dependent 
style (PTFD) based on the experience and knowledge he 
has, has a tendency of not being able to maximally utilize 
new information of problem. He only focused on the main 
problem raised from the math problem so he had a hard 
time solving the problems although he was able to apply 
all the knowledge and experience he had to the situation 
or problem he faced. This indicates that the PTFD has 
dynamic reflective thinking characteristics that can also be 
called reflective-dynamic where the PTFD uses his 
experience and knowledge to be applied in the problem 
solving process which is unusual as he did before. 

While a prospective teacher with cognitive field 
independent style (PTFI), when thinking reflective, used 
the knowledge and experience he had in solving such 
mathematical problems with a tendency in trying to use 
optional strategies. He used another strategy, when he had 
a deadlock to solve the problem by using the algebraic 
equation strategy. In this case the strategy used is drawing. 
PTFI tries to solve the problem with the strategy after 
difficulties in implementing the required concepts.  

It is therefore PTFI tried to apply all the knowledge he 
had based on his experience in the new situation or 
problem he faced. In addition, PTFI uses the new 
information contained in the problem and uses it to solve 
the problem by giving an explanation through the image 
as an illustration of the completion. Hence, PTFI has a 
generative reflective thinking characteristic that can be 
termed as reflective-generative where PTFI uses the 
experience and knowledge he has in order to use the new 
information in the presented problems and utilizes the 
information to construct a completion strategy as an 
explanation of the solution he acquired. 

5. Conclusions 
The results of this study gives an idea that the quality of 

the reflective thinking process in solving mathematical 
problems differs between individuals caused by 
characteristic differences in this case the cognitive style 
adopted by the individual. The cognitive individual filed 
dependent style tends to be dynamic where this individual 
uses his experience and knowledge to be applied in the 
process of solving such unusual mathematical problems as 
the completion he had done before. However, the students 
was unable to utilize the new information contained in the 
problem and only focused on the main problem presented 
so that this individual has a dynamic-reflective thinking 
characteristic.  

While independent cognitive-styled individuals tend to 
be generative in which the individual uses the experience 
and knowledge he or she has to exploit the new 
information contained in the problem presented in order to 

construct alternative completion strategies after 
experiencing a deadlock as an explanation of the solutions 
he or she acquired. Thus, this individual has a 
characteristic reflective thinking that is generative that we 
can term as reflective-generative.  

However, the most important thing about reflective 
thinking is to encourage prospective mathematics 
teacher’s students in solving the complex mathematical 
problems situations since it gives them the opportunity to 
think about how he actually solves problems and how to 
set up a problem solving strategy in order to achieve the 
objectives. Hence, reflective thinking can bridge a person 
to be able to solve problems that affect the mastery of 
mathematical concepts well. 
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