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Abstract:

Purpose: This study aimed to discuss college students’ creative mathematical thinking in open-ended
problem solving. In particular, this study would attempt to characterize the differences in students’ creative
mathematical thinking skills based on cognitive styles.

Research Method: This study employed a descriptive qualitative design. The population of this study
consisted of 105 pre-service elementary school teachers who were enrolled in the fifth semester classes at
Universitas Muhammadiyah Makassar. Open-ended problem solving sheets and interview guidelines were
developed as the instruments to measure the students’ creative mathematical thinking. Meanwhile, to group
students based on their cognitive styles, Group Embedded Figure Test (GEFT) was conducted. The students
were categorized into field independent (FI) and field dependent (FD) students.

Findings: In general, the results reported that both the FI and FD students could perform all the aspects of
creative mathematical thinking (flexibility and fluency) in solving open-ended problems. However, unlike the
FD students, the FI students were able to generate more various and unique ideas (more flexible) because
they possessed higher spatial reasoning skills. On the other hand, despite mistakes in calculation, the FD
students always did an evaluation quickly and fix the answers as soon as possible (fluency).

Implications for Research and Practice: The implications of the current study were addressed to
educational practices, especially at the tertiary level. In addition, the results of this study also provide an
insight for the development of mathematical creative thinking assessment or evaluation tools.
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1. INTRODUCTION

Rapid changes and complexity found in all aspects of life characterize the contemporary society.
People living in this community cannot be separated from creativity because creativity serves as the
key factor to dealing with challenges caused by the changes. Creativity also functions as the main
drive to generate advanced knowledge. These statements have made creativity a hot issue to discuss
among experts and practitioners in education.

To successfully achieve the contemporary society goals, Indonesian policy makers should be fully
concerned with the development of university students’ creativity. A preliminary study conducted to
pre-service mathematics teachers studying at four universities in Makassar, Indonesia has revealed
that it is necessary for college students to improve their creativity in solving mathematical problems
(Rahayuningsi, 2017). Rahayuningsih (2017) found that 90,47% of the students could not understand
creative thinking concept and 99,04% of the students were not well informed about how to measure
students’ creative thinking skills. These findings indicated that the university students or the pre-
service mathematics teachers were still unable to understand, recognize, and use creative thinking
skills in learning.

Siswono (2015) points out that creativity results from thinking process that generates a new and
original perspective on a particular problem or situation. This definition suggests that creativity is
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actually the product of creative thinking. Creative thinking and creativity have one similar trait. Both
of them are defined as the ability to focus on quantity, usability, and diversity in interpreting available
data or information to discover many possible solutions to a problem. Therefore, it can be said that in
cognitive domain, creative thinking and creativity have the same definition. To emphasize this, the
next section will discuss creative thinking as perceived similar to creativity (Munandar, 1999).

The nature of mathematics is frequently associated with ideas, structures, and relationship organized
logically. Therefore, mathematics can be used as a tool to evaluate the development of creativity
(Sriraman, 2009; Nadjafikhah, 2012; Voica & Singer, 2013; Singer, 2015, 2016; Akgul & Kahveci,
2016). A mathematical truth is expanded based on rationales and mathematical operations often
include making and testing hypotheses, seeking for an analogy, creating connection, representation
and generalization, building a communication, proving a theorem, and solving a problem. Performing
these acts require some critical thinking skills; one of which is creative thinking.

Mathematical creativity is something challenging due to its complicated structures and characteristics.
It is difficult to define the characteristics of mathematical creativity (Mann, 2005; Sriraman, 2005,
Sriraman & Lee, 2011). Mathematical creativity is often perceived as a professional mathematician
(Sriraman, 2005). Radjafikah (2012) points out that in finding a mathematical concept, someone can
make connection or combination among existing prior concepts that also constitute creative work in
mathematics. Sriraman (2004) states that creativity is not only related to the original work of a
professional mathematician, but an individual’s ability to solve a problem which he or she has never
encountered before can also be considered as a creative act. This opinion is also strengthened by
Chamberlin (2005) who asserts that mathematical creativity can be observed when someone
successfully produces unique solutions to a problem which cannot be cracked with common methods.
Furthermore, NadjaFlkhah (2012) assumes that an unusual problem solving method constitutes the
novelty or the originality of one’s mathematical creative ability.

Solving an open-ended mathematical problem is one of the appropriate instruments to measure an
individual’s creativity (Zalenskiy, 2013; Mihajlovic, 2015). An open-ended problem solving can be
used as a vehicle to reveal creative thinking and develop one’s creative thinking ability which is also
related to divergent thinking in solving a problem. Measuring mathematical creativity potentials in
schools has been studied previously (Akgul & Kahveci, 2016). Akgul & Kahveci (2016) revealed that
if mathematical creativity could be measured, the school curriculum could be adjusted to the creative
students’ needs. Meanwhile, to improve students’ creativity, various approaches and assessments
have been developed by experts. However, little emphasis is put on the development of students’
creativity at the university level. Therefore, this study attempted to discuss mathematical creativity
performed by university students or pre-service teachers in solving an open-ended problem. The
specific purpose of the current study was to characterize differences in students’ mathematical
creative thinking at the university level.

Thinking skills play a crucial role in problem solving (Gur, 2018). An individual’s ability to find a
different problem solving method is one of the characteristics of mathematical creative thinking skills.
Zalenskiy (2013) affirms that the use of problem’s solutions or approaches can result in students’
having knowledge flexibility and ability to solve an unfamiliar problem. Didin (2017) emphasizes that
an individual who possesses an interpersonal problem solving skill is more emphatic and more
sensitive towards a problem. She or he can perceive something from a different perspective, generate
a creative solution, express her/himself, and build a causal relationship. One of the instance of
problems that can stimulate one’s creativity is an open-ended problem. An open-ended problem
provides an opportunity for students to acquire knowledge/experiences in discovering, recognizing,
and solving problems with a wide range of techniques and strategies.

To investigate university students’ creative thinking ability, it is necessary to look at numerous
dimensions of human beings because university students have different individual traits. Basically,
every individual is unique. Individual differences may include intelligence, thinking ability, creativity,
cognitive styles, attitudes, and interests. One trait that can influence an individual to process
information is cognitive style (Overton, 200 8; Angeli, 2013; Philip, 2016). Based on some previous
research findings, cognitive styles fall into two major categories, field independent (FI) and field
dependent (FD) (Ghani, 2004; Reid, 2014; Chu, 2007; Angeli, 2013; Philip, 2016). The differences in
cognitive styles can be measured by a test known as Group Embedded Figure Test (GEFT) (Ghani,
2004; Chu, 2007; Angeli, 2013; Reid, 2014; Philip, 2016).
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Research examining cognitive styles in mathematical creativity has been conducted by Singer et al
(2016). Singer concluded that the nine cognitive style problem posing (PP) found were effective to
measure university students’ mathematical creativity in geometry. The results of the research
conducted by Singer et al. involved assessment on FI subjects only. No recent study has reported
findings on FI and FD students’ creativity in mathematics. Therefore, this study aimed to explore the
creative ability of university students whose cognitive styles included FI and FD in solving an open-
ended problem.

The present study would attempt to describe the creative thinking ability of the FI and FD pre-service
elementary teachers or university students who were enrolled in fifth semester classes of Elementary
Education, Universitas Muhammadiyah Makassar. The students’ creative thinking ability in an open-
ended problem solving would be observed from two aspects, flexibility and fluency. Flexibility
includes the ability of the students to elaborate various solutions and provide more than one possible
answers. Fluency takes into account the ability of the students to interpret answer fluently and
appropriately and even if there is an error occurring in the process, the students can quickly recover
the answer. The research problem, thus, can be formulated as “What are the characteristics of the field
independent (FI) and field dependent (FD) university students’ creative thinking skills?”

2. METHOD
2.1.Research Design

This study was designed as a qualitative descriptive study (Overton, 2015; Kuzle, 2016), of which aim
was to explore the creative thinking ability of the FI and FD pre-service elementary teachers or
university students who were enrolled in fifth semester classes of Elementary Education, Universitas
Muhammadiyah Makassar in solving an open-ended problem. Qualitative research is a study focused
on understanding a phenomenon experienced by the subjects: behaviors, perceptions, motivation, and
actions (Punch, 2005; Cer, 2018). Data was collected though observation, documentation, and think
aloud sessions which allowed researchers to analyze real perceptions and phenomena (Ericson &
Simon 1993; Overton, 2015; Cer, 2018).

2.2.Research Sample

The population of the study involved 105 pre-service elementary teachers who were registered in fifth
semester classes at Elementary Education department of Universitas Muhammadiyah Makassar. The
students aged between 18-20 years old. The results of the GEFT test showed that 14, 28% of the
students can be categorized as Field Independent (FI), 19,04% were Intermediate and 66,67% were
field dependent (FD). The samples of this research would include the Fl and FD students only.

2.3. Research Instrument and Procedures

The main instrument of this study was the researcher. Other complementary instruments consisted of
GEFT (Group Embedded Figure Test) developed by Wikin et al.,1977,1981 (Reid, 2014) and an
open-ended problem solving test. GEFT was conducted to determine the participants’ cognitive styles.
The test contained 25 items in the form of images. GEFT test was performed within 3 sessions. In the
first session, the students were required to work on 7 problems and in the second and third session, the
students were required to work on 9 problems. The total possible score that the students might achieve
from session 2 and 3 was 18; every correct answer was worth 1 point. Students whose score ranged
between 0-6 were categorized into field dependent, 7-12 were categorized into intermediate, and 13-
18 were categorized into field independent. The open-ended problem solving test was done to
investigate the students’ creative thinking ability. Each group of students (FI and FD) did the test
separately. The results of the test indicated that there were only three students from the FI group and
two students from the FD group able to solve the open-ended problems. Two students from each
group were selected as representatives. Students who could perform flexibility and fluency in solving
the problems were considered to be competent in thinking creatively. The open-ended problem
presented to the participants was described as follows:

¢ Draw as many geometric 3D shapes as possible and determine every edge
of the shape until the volume turns 343 oo’
o Show and Explain vour answer in detals!
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The procedure of collecting the research data employed a task-based interview in which the subject
was given a piece of paper and a pencil to solve an open-ended problem and required to tell his/her
thinking process in details (Ovlas, 2016). This process is called think aloud method. Clinical
interviews and observation were conducted afterwards to trace why the student made such decisions
and other possible solutions. The results of the interviews were documented using a camcorder
(Ovlas, 2016).

2.4.Data Analysis

Data analysis had started since the researcher worked on the field. While data was collected, an
analysis was performed on questions asked based on the responses of the subjects. For instance, if a
subject’s response was not appropriate with the aim of the research and if the researcher thought the
response was not appealing, the researcher was responsible to make the question more understandable
so that more comprehensive answers from the subject could be elicited. However, if the response was
interesting enough to reveal, the researcher might ask a different question that could dig deeper
his/her answer. Recording data was transcribed. Data transcription, the results of the open-ended test,
and physical behaviors of the subjects were analyzed in four steps: data analysis, data reduction, data
display, and conclusion drawing (Creswell, 2014).

3. FINDINGS

The participants’ mathematical creative thinking ability was described as follows. The FI students
were able to understand the problem since the beginning. It can be seen from the way the students
elaborated what had been known and what had been asked. Meanwhile, the FD students took longer
to figure things out though eventually they were able to understand the problem well. The FI students
perceived problems by making a plan. Therefore, possible errors that might occur during the process
could be predicted. In contrast, the FD subjects were more likely to rush things and were in hurry in
calculating numbers. Followings are the excerpts of the think aloud interviews conducted to the FlI
and FD students related to the early stages of problem solving.

P (Researcher) : Do you understand the problem?

FI (Field Independent Student) : (read it many times) | understand.

P: What can you understand from the problem?(pointing at the paper)

FI: | was asked to draw different geometric 3D shapes with the same volume that is 343 cm3.
P: How do you solve the problem? Why can you solve it that way?

FI: (a few minutes later) First, | elaborated what had been known and what had been asked. After
that, | thought about some familiar geometric 3D shapes. The only known aspect was the volume (343
cm3) which makes this problem more challenging to me.

The interview excerpts suggested that the FI student was able to understand the problem and attempt
to find a strategy to solve it. The student also tried to outline known aspects of the problem even
though he realized that the information given related to that was very limited and he noticed that it
became more challenging to solve the problem. At the early stage of the problem solving process, the
FI student had already formed an imagination that allowed him able to explain his thoughts and think
about familiar geometric 3D shapes. He was able to relate the problem with the concept that he had
learned before. A similar interview was also conducted to an FD student. Followings are the excerpts:

P (Researcher) : Do you understand the problem?

FD (Field Dependent Student) : (looked confused while scratching his head) May | read the problem
once more?

P: Of Course

FD: (a few moments later) | have understood the problem, Mam.

P: Can you prove it?

FD: (while crossing out the answers and explaining) | have to draw some 3D geometric shapes with
the same volume 343 cm3

P: How do you solve the problem? Why can you solve it that way?

FD: (still looked confused and a few minutes later) I think | can draw two 3D shapes, a cube and a
cuboid.
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Based on the interview excerpts, it can be concluded that the FD student could understand the
problem though it took quite a long time for him to elaborate the known aspects. The interview also
proved that the FD student had started planning on seeking a strategy to solve the problem that was to
draw a cube and a cuboid with the same volume (343 cm3).

At the early stage of the problem solving process, the FI and FD students were reported able to
comprehend the problem. However, when they encountered the next stage where they needed to solve
the problem, various answers were offered. The FI student was able to find seven alternatives while
the FD student was only able to provide two distinguished ideas. The discrepancy between the FI and
FD students’ answers was also reflected in the way they did an algebraic calculation. Followings are
the differences found between them.

Figurel. FI Student’s Answer

Figure 1 clearly shows that an FI student was able to comprehend the problem very well. The student
elaborated what had been known and what was being asked. The FI student first wrote S = 7; S
referred to the length of the edge of the cube in centimeters (cm). After that, he wrote V. =7 .7 .7,
where V referred to the volume of the cube which could be broken up into 7.7.7 (multiplication) and
resulted in 343 cm3.

Figurel.2. FI Student’s Answer

Figure 1.2 presents the second answer from the FI student. Obviously, the FI student was able to find
alternatives to the answer with different processes. The student found another geometric 3D shape
with the same volume (343 cm3), a cuboid of which width was 3,5 cm, height was 7 cm, and length
was 14 cm. This process of finding another new corresponding new shape indicated that the student
performed flexibility in thinking.

'''''

Figurel.3. FI Student’s Answer

Figure 3.1 shows the third answer from an FI student. A different cuboid with different width (7cm),
height (1,75 cm), and length (28 cm) was found (compared to figure 1.2).
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Figurel.4. FI Student’s Answer

Another possible answer proposed by the FI student was presented by Figure 1.4. The student was
able to draw another cuboid with different length and width (3,5 cm) and height (28 cm).

Figurel.5. FI Student’s Answer

Figure 1.5 shows the FI student’s attempt to find the triangular area of a triangular-faced pyramid. To
figure out the volume of the shape, the student wrote A = the triangular area of the base, a = the length
of the edge of the base (in cm?), t = the height of the edge of the triangle, T = the height of the
pyrzamid, and V= the volume of the pyramid. The elaboration resulted ina =t =7 cm so that T = 42
cm*

3 -

Figurel.6. FI Student’s Answer

Figure 1.6 presents the attempt of the FI student to find the height of a square-based pyramid of which
volume was 343 cm®. The student wrote s = 7 (the length of the edge of the base or the square), thus
found t = 21 cm (the height of the pyramid was 21 cm).

Figurel.7. FI Student’s Answer

Figure 1.7 shows the ability of the FI to discover a combination of a cuboid and a square-based
pyramid. The student made an adjustment, such as shown by Figure 1.7 where s = 7 cm (the length of
the edge of the pyramid and the edge of the cuboid in cm), thus t = 9 cm (the height of the pyramid in
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cm), and t = 4cm (the height of the cuboid in cm). From the explanation, it can be seen that the FlI
student was able to find 7 alternatives and undergo 7 processes to solve the problem. On the other
hand, the FD student’s answers could be explained as follows.
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Figure2. FD Student’s Answer

The FD student’s answer was presented by Figure 2. The student wrote a cube as the answer. He
found that if the volume was 343 cm?® then the possible length of the edge of the cube was 7 cm.
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Figure 2.1 FD Student’s Answer

Figure 2.1 shows that the FD student could find another alternative to the question in a different way.
He figured out that if the volume of a cuboid was 343 cm®then the possible length of the shape was 49
cm, the width was 1 cm, and the height was 7 cm. With the same way, the FD student discovered
another geometric shape which he thought was different from the earlier (figure 2.2).

Figure2.2. FD Student’s Answer

The cuboid presented by figure 2.2 was in fact similar to the previous (Figure 2.1). If it is observed
closely, we could find that the combination of elements of cuboid in Figure 2.1 and Figure 2.2 were
exactly the same (1,7,49). The difference lied on the position of the two shapes. From the explanation
of both the FI and FD student’s answers, it can be concluded that the FI student could figure out seven
alternatives, three different cuboids and one combination of a cuboid and a square-based pyramid. In
contrast, the FD subject was only able to find two types of 3D shapes, two similar cuboids and one

cube. These findings were confirmed by the results of the think-aloud interviews such as shown
below.

F: How 1s the progress of pour work 7 Have pou figured ouf the answer 7

FI: Idiscovered five shapes

F: Bhat are they ¥

FI: acube, a cuboid a friangle-based pyramid a square-based pyramid, and a combinaion of fwo shapes
F:really ? Can pou explam how ypou fowned them?

FT: the first shape was a cube. The edge of the cube was 7.

F:why showld be 77

FI: because 7 cubed 15 343
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F: Have pou foumd the way ?

FD : Yes, Mam!

F: What was if?

FD: T sought for the prime factorizafion of 243 by adjusting fhe wilmown elements.
F: Wy showld pow do that (the prime facforizafion) ?

FD : To make if easier fo find the volume of the cube,

F: Does that only agoply fo cube ?

FD: b T kil if condd apply fo a cuboid, foo, Mam,

The excerpts of the interviews indicated that the FI student could perform better flexibility in thinking
compared to the FD subject. The FI student was obviously able to report many different answers to
the gquestion, able to determine each edge of the shape correctly, able to adjust the prime factorization
of 343, and able to avoid producing irrational numbers that had potential to complicate the process.
Both FI and FD students were making an adjustment by finding the prime factorization of 343, but the
FI student could extend the concept by using fractional numbers 3,5 and avoiding irrational numbers.
As a result, the FI student found it easier to operate the numbers and draw the shape. Followings are
the excerpt of an interview conducted to the FI student related to the process.

F: Can pou explam how pou found the fhree cuboids?

FI: i the firsf picture, Twrote length=235 hei ght=7, flus width =14

F: Why the widfh=3,57

FI: frial and errov, supposed that widih is halfof 7

F: What was inpicture 2 aned 77

FTI . inthe second picfure, T assumed the length = fhe width =35 ffus the height= 28

F:Why do you always use 7 and 3,5 7

Fi: fo avold decimals

F:Isn't 3.5 adecimal 7

FI: Yes, Mam, but Twould find if difficulf if there are mayy decimals. 5o, Tiried fo use mumbers
that e resulf in mfegers fhof decimals)

Fluency includes the ability of students to interpret answers fluently and appropriately and even if
there is an error occurring in the process, the students can quickly recover the answer. Both Fl and FD
students have fulfilled the indicators of fluency, but the FD student had a more frequent tendency to
encounter an error in operating numbers and took longer to solve a problem. Even so, the FD student
was always able to correct and recheck the answer before it was finally submitted.

Figure 1.7 shows a geometric shape formed by the FI student from the combination of a cuboid and a
square-based pyramid. The excerpts of the interview conducted to an FI subject indicated that the
student had the ability to find unique answers which could not be found in FD students. Even though
FD students could discover more than one answers, the FI students could present more varieties to it.
The ability of FI students to bring up various alternatives reflects their thinking flexibility and
fluency.

If it is meticulously observed, there is no significant difference found in between FI and FD students’
mathematical creative thinking ability. FI students could present more varied answers while FD
students could not. However, the two groups were able to interpret the answers appropriately and
despite errors made by the FD students, they still tried to fix them. These findings, therefore,
suggested that FI and FD students had met the two major criteria of creative thinking, flexibility and
fluency, in solving an open-ended problem.

4. DISCUSSION AND CONCLUSIONS

The results of the current research indicated that both FI and FD students performed a mental activity
through some steps: problem orientation, problem identification or formulation, problem
comprehension, and problem solving (is the information adequate?), ideas construction by
synthesizing ideas found in the text. The students were reported able to interpret the relationship
between the concepts based on the information given. They were also able to make a decision that the
information was not sufficient to solve the problem. In line with the finding, Sriraman (2004)
underlines some preparation steps that a scientist will go through before solving a problem. These
stages include: (1) reading literature; (2) communicate the problem with other mathematician; (3) try
to act heuristically; (4) apply the working backwards approach, and guess, and (5) looking for the
linkages between the problem and natural phenomenon. Findings by Sriraman (2004) implicitly
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suggest that every scientist will undergo such steps if they encounter a dead end after putting a lot of
effort on solving the problem or in other words after encountering numerous failures.

Findings also showed that the FI students tended to be more fluent in confirming their interpretation
of the answers. They almost made no mistakes in calculation. It suggested that the FI students had
met the indicator of fluency in solving an open-ended problem. This finding was in line with those by
Guisande & Adelina (2012) who concluded that field independent (FI) children could achieve better
scores in solving problems involving pictures compared to field dependent (FD) students. The FlI
students seemed to be always confident with their opinions and more open to critics (Angeli, 2013);
thus, their performance could surpass that of the FD students.

Based on the results of the GEFT test, it can be concluded that the FI students performed better in
open-ended problem solving. This finding was corroborated with that of Overton, et al., (2008) who
found a correlation between one’s cognitive style (field independent) and his/her ability to solve
problems. The errors made by the FD students during the problem solving process might result from
their lack of focus on the problem. The FD students found difficulties in finding information because
they were hindered by another contextual stimulation (Minchekar, 2017).

The FD students had an ability to process information properly and recognize the framework or the
pattern of the task. Singer (2016) states that students who have mathematical creative thinking ability
are those who are able to change their mental frame (framework) or to identify problems using a new
and unusual method (i.e., change in cognitive framing). Similarly, Trigo (2016) points out that an
individual’s thinking fluency in mathematics can be observed from his or her ability to recognize the
framework or the pattern of the task.

In general, students’ mathematical creative thinking ability differs across cognitive styles. Despite the
differences, there are also some similarities found between them. It had been shown that both FD and
FI students had met the characteristics of creative thinking, flexibility and fluency. However, the FI
students were able to produce more varied answers to the problem and had been proven more fluent in
interpreting their answers and describing their thinking processes compared to the FD students. In
contrast, the FD students were only able to find two answers to the problem. The FD students could
not avoid making calculation mistakes, but once they encountered an error they always tried to
recheck their answer before it was submitted.

The results of data analysis suggested that both FI and FD students had met the characteristics of
mathematical creative thinking, flexibility and fluency, in solving an open-ended problem. In regards
with fluency, the FD students made calculation mistakes more frequently compared to the FI students,
but the FD students always evaluated their answer before it was submitted. In contrast, the FI students
were more likely to produce correct answers and more able to describe their answers fluently because
the students were reported to have higher spatial reasoning ability which allowed them to seek for
more varied and unique solutions to the problem. Akgul & Kahveci (2016) recorded that spatial
ability played a significant role in developing creativity. Despite the difference in their spatial ability,
both FI and FD students had fulfilled all the aspects of mathematical creative thinking ability.
Therefore, each of them could generate unique ideas and solutions to the problem (flexibility).

RECOMMENDATIONS

It is strongly recommended for other researchers to explore more about an assessment tool that can be
used to measure students’ mathematical creative thinking process in solving an open-ended problem
by still considering the students’ cognitive styles (FI and FD). Even though research findings
suggested that both FI and FD students were able to perform creative thinking ability in mathematics,
each of them applied a unique approach to solving the problem. The FD students had a tendency to
make mistakes in calculations, but at the same time they were still concerned with the result so that
they tried to evaluate their answer before it was submitted. On the other hand, the FI students had high
spatial reasoning which allowed them to discover more varied and distinctive alternatives to the
problem.

The implications of the current study were addressed to educational practices, especially at the tertiary
level. The university students’ success in solving mathematical problems depends on the students’
creativity. Therefore, if the students are able to recognize their cognitive styles, they would be able to
solve different problems with different methods. Given this information, lecturers thus have a
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responsibility to provide guidance for the students to use their skills optimally. In addition, the results
of this study also provide an insight for the development of mathematical creative thinking assessment
or evaluation tools.
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