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ABSTRACT

Mathematics learning at school plays a significant role in developing students' logical, analytical,
and creative thinking skills. Mathematics learning has one of the goals of encouraging students to
find various ways to solve problems, especially on open-ended problems. The open-ended approach
geometry material allows swdents to exf@pre a variety of unique and diverse solution strategies.
This research is a descriptive qualitative to describe the creative thinking process of students in
solving open-ended problems on flat shape material b}l on theory from Wallas (1926). The
thinking process according to the theory has four stages; preparation, incubation, illumination, and
verification. The number of students involved was 32 students, but the data taken were 3 studjts
who already represented each creative category (very creative, fairly creative, and not creative). The
results showed that highly creative students went through all four stages of the thinking process
according to Wallas' theory and produced good solutions. Errors in fairly creative students occur at
the illumination stage, the subject incorrectly uses the required formula. In addition, the subject
experienced errors at the stage of understanding the concept of combined flat shapes. The subject
looked for the perimeter of the combined flat shape by adding up all sides including the inner side.
Furthermore, the thinking process of students is not creative at the initial stage, namely preparation.
The subject is unable to understand the problem in depth. Thus, it causes the subject unable to solve
the problem properly.

Keywords: creative thinking, flat Shape, geometry, thinking process, Wallas

INTRODUCTION

Creative thinking is an important 21st century skill to be developed for success in
education, career and life. Creative thinking in mathematics learning is one of the aspects
that must be mastered by students (Yenti et al., 2023). Mathematics learning at school plays
a significant role in making students think logically, analytically, and creatively.
Mathematics learning has one of thm)als of encouraging students to find various ways to
solve problems, especially on open-ended problems. Open-ended problems provide
opportunities for students to explore various possible solutions, thus honing their creative
thinking (Pratiwi et al., 2023). In addition, according to research by Kurniawati (2018),
creative thinking is the skill of students in generating new ideas to create a product.

Creative thinking is very relevant to geometry material that teaches the concept of
space and mathematizes sp@l situations that require deep understanding and open thinking
(Gravemeijer et al., 2016). Geometry is one of the math topics that is considered important
because it connects mathematical concepts with applications in everyday life (Putri et al.,
2023). Geometry materials, such as flat shapes, have direct application in everyday life, thus
helping students understand the properties of flat shapes and apply them in solving
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appropriate problems. Flat shapes not only focus on mastering formulas, but also teach the
analysis of relationships between geometric components, such as length, area, and angle, in
real contexts. The open-ended approach to this material allows learners to explore a variety
of unique and diw;e solution strategies (Wulandari et al., 2021). Research by Schoevers et
al. (2022) shows that cregvity is a significant predictor of student performance on geometry
problems, especially in non-routine and open-ended problems, where students with higher
levels of creativity perform better.

The level of creativity or creative thinking ﬁlity can be observed by paying attention
to indicators of fluency flexibility, and originality. The ability to think creatively is certainly
inseparable from the creative thinking process. The creative thinking process refers to the
stages or steps that students go through to produce original ideas, solu'gns, or works. The
thinking process, according to Wallas (1926), the theory has four stages, namely preparation,
ubation, illumination, and verification. In the preparation stage, students consciously
collect information relevant to the problem presented. The information is analyzed using
logical rules, so that students can lmerstancl the problem thoroughly. In addition, students
begin to formulate initial strategies to solve the problem. The second is the incubation stage.
At this stage, it involves settling or resting from the activity of thinking consciously about
the problem. Students can turn their attention to other things or take a break to give the
unconscious process room to work. Incubation is often necessary for more complex types of
problem solving, where interruptions or constant thinking can inhibit the creative process.
At the Illumination stage, there is a sudden "flash" of an idea or insight often referred to as
an "aha!" moment. This flash of ideas is preceded by a psychological process called
intimation, which is the feeling that a solution is approaching. This process involves an
interaction between the conscious and subconscious mind, which can be triggered or
amplified by paying attention to intuitive signs or initial ideas that arise. The last is the
verification stage. It is the evaluation of the idea or solution that emerged during the
illumination stage. The individual consciously re-examines the idea with logical rules and
compares it with the original problem to ensure the validity and effectiveness of the resulting
solution. 5

However, studies show that students' creative thinking skills in Indonesia still need
to be improved. According to the 2018 Program for International Student
Assessment (PISA) data, only 24% Indonesian students reached the minimum level in
mathematics skills (OECD, 2019). The results of the Trends in International Mathematics
and Science Study (TIMSS) survey in 2015 ao showed that Indonesia was in the bottom
six positions, which showed the low level of students' higher order thinking skills, including
creative thinking. This condition indicates a serious challenge in mathematics education in
Indonesia. One of the contributing factors is learning methods that tend to be oriented
towards a single solution and provide less space for exploration of ideas. Previous research,
entitled “Students' Creative Thinking in Solving Open-Ended Problems in Junior High
School Flat Building Materials”, showed students' thinking abilities without paying
attention to the creative thinking process that occurs dualg the process. Therefore, in this
context, it is important to explore more deeply how the students' creative thinking process
works in solving open-ended mathematics problems, especially on flat building materials
(Vitara et al., 2022).
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The research aims to describe students' creativﬂinking process in solving open-

ended problems on flat shapes based on Wallas' theory. The results of thisgudy can be the
basis for designing learning strategies that are more effective in improving creative thinking
skills in mathematics.

RESEARCH METHOD

This study used descriptive qualitative method to describe students' creative thinking
process in solving open-ended problems on flat shapes. The number of students of SMP
Negeri 1 Puri class IX is 32 students, but the data ﬁen were from three students who
represented each category of creativity level, namely very creative, q@a creative, and less
creative. Students were considered very creative if they met all the indicators of creative
thinking, namely fluency, flexibility, and originality. Students were considered fairly
creative if they met one or two of these indicators. Conversely, students were categorized as
non-creative if they did not meet any of the creative thinking indicators (Siswono, ZEO).
Creative thinking tests and interviews were the data collection techniques for this study. Data
analysis techniques, according o] Miles & Huberman (1994), consists of data reduction,
presenting data and conclusions and verification. Data reduction is the process of selecting,
focusing, simplifying, abstracting, and transforming data obtained from written field results.
Data presentation is a structured and concise collection of information, making it easier to
draw conclusions and take action. Conclusions also need to be verified as the researcher
continued the analysis process while verification is an important process in analysis and
writing that ensures the accuracy and credibility of the information. The creative thinking
process instruments used are test questions and interviews. The test questions consisted of
one problem of flat building material related to the perimeter of flat buildings. The following
is the research test question:

Draw a variety of flat shapes (as many as possible) that have a perimeter equal to the

perimeter of the flat shape drawn on the sheet!

Figure 1 Creative Thinking Test
The creative thinking process, according to the theory from Wallas (l(ﬁL has four
stages, namely preparation, incubation, illumination, and verification, which are presented
in Table 1.
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Table 1 Indicators of Creative Thinking Process
No Creative Indicators
Thinking
Process Stages

I Preparation Able to identify important relevant information, able to
understand the problem, and able to formulate initial steps; or
strategies to solve the problem.

2 Incubation Able to take a break from immediate thinking on the problem
without forgetting the goal and showing signs of subconscious
reflection, such as the emergence of new ideas after a rest
perio

3 Illumination Able to come up with original new ideas or solutions and able
to identify “aha!” moments that provide new directions in
problem solving.

4 Verification Able to evaluate ideas or solutions to ensure their correctness
and Able to provide logical explanations to support solutions.

Source : Wallas (1926)

gESULTS AND DISCUSSION
Based on the rems of the study, three subjects representing each creative thinking
category were selected to describe the creative thinking process.
a. Creative Thinking Process of Highly Creative Students
The results of research on highly creative students on creative thinking questions can
be seen in Figure 2.
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Figure 2 Student Answer Very Creative

Based on Figure 2, subjects with very creative categories were identified as being
able to work on prons well. It can be seen from his thought process at each stage, in the
first stage, namely the preparation stage, the subjegunderstands the information in the
problem Bovided properly which is shown through the results of the subject's answer by
knowing what is known and inquired. In addition, the subject understood that the flat figure
@es a combination of several geometric figures, such as right triangles and parallelogram.
The second stage is incubation. The subject paused for about three minutes to think about
the right strategy in solving the problem of the perimeter of the flat shape. Furthermore, at
the illumination stage, the subject began to compile the steps of the solution. Each point on
the flat shape is given a name, such as A, B, C, and so on. The subject used the Pythagorean
Theorem to determine the length of the hypotenuse of the triangle. The subject wrote the
side lengths are: AB = 4 unit, BC = 4 unit, CD = 5 unit, DE = 5 unit, EF = 7 unit,
and FA = 5 unit. The subject then calculated the perimeter of the flat shape by adding up
all the outer sides: 4+4+5+5+7+5 = 30units. The subject rechecked the
calculation result to ensure its correctness in the verification stage. Although the results were
correct, there were some small parts that were not considered during the verification process.

When making the first alternative of the flat shape, the subject re-read the result of
the perimeter of the flat shape given in the preparation stage. The process at the incubation
stage took place faster than before. At the illumination stage, the subject made a drawing by
combining flat shapes in the form of a rectangle, trapezoid, and square. Although the size
made is different from the initial drawing, the perimeter result rcmair“l the same, which is
30 units. In the second alternative, the subject performed similar steps in the preparation and
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incubation stages. At the illumination stage, the subject combined flat shapes in the form of

a rectangle, square, and isosceles triangle. The result of the perimeter of the flat is still 30

units. In the third alternative, the subject again made a combination of flat shapes. At the

illumination stage, the subject combines flat shapes in the form of a rectangle, square, and
two right triangles. The final result is a perimeter of 30 units, consistent with other
alternatives.

The following is an interview transcript as an attachment to verify the results of the
observation of the creative thinking process that has been written previously:

P : Do you understand the information in the problem? What was the first step before
you drew the flat shape?

SK ! Yes, I understand the problem. First, you have to know the perimeter of the given flat
shape, then you can draw other flat shapes. I made a drawing of a flat shape of an
arbitrary size and then combined it with other flat shapes until the perimeter of the flat
shape I made was the same as the given flat shape.

P : How long did it take you to come up with a picture of a flat shape that was different
from the one given? What do you do when you haven't found an idea to make another
picture?

SK  : About 3 minutes but each picture is different, the longest when making the first
picture because 1 was still figuring out how to make it. After that, the second and third
pictures were quite fast because I already knew how to do it. I just stayed quiet while
thinking.

P :Tell us how you came up with the idea to draw the flat shapes and came up with 3
alternatives!

SK  : [ started by drawing the first flat shape, a rectangle with a length of 4 units and a
width of 1 unit. The second building is a trapezoid with an upper side of 4 g, a
lower side of 10 and a height of 4 units. I added up all of them and added a square
with a side of 2 units. I added the square with a side of 2 units and the sum of the sides
turned out to be the same as the perimeter of the flat shape in the example, which is
30. Then I Iookeﬂfar more flat shapes and sizes in trial and error, I thought of an
arrow so I drew a rectangular shape with a length of 3 uni d a width of 4 units
and a square with a size of 4 units and the last isgpy isr}sc‘efes'g:ngle with a base size
of 6 units and a height of 4 units. Finally, I took a right triangle with a base of 4 units
and a height of 3 units and combined it with a square whose size was 4 units, combined
it again with a right triangle of the same size ahe previous one, then I looked for the
circumference and it was still lacking, I added a rectangle with a length of 2 units and
a width of 3 units, so that the circumference of this flat shape was accurate.

P : Did you check your work again and when was the verification time?

SK  :Yes, I checked again when the time was tight but there was still time left, so I checked
again at the end.

b. Creative Thinking Process of Fairly Creative Students
The results of research on fairly creative students on creative thinking questions can
be seen in Figure 3.
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Figure 3 Students’ answers are fairly creative

Based on Figure 3, subjects with fairly creative category (CK) were identified as able
to understand the problem. The subject showed an understanding of the image of a flat shape
consisting of a combination of three right triangles and gpe square. At the incubation stage,
the subject paused and thought for abouﬁive minutes to find a way to solve the problem
about the perimeter of the flat shape. At the illumination stage, the subject tried to find the
length of each side of the given flat shape. The subject then applied the perimeter formulas
learned at school to calculate the combined perimeter of the flat shapes. However, several
errors occurred, such as; the subject incorrectly used the perimeter formula by replacing it
with the triangle area formula and the subject misunderstood the concept of the combined
perimeter of a flat by adding up all sides, including the inner side, which should only be the
outer side of the flat. After completing the calculation, the subject did not re-examine his
work so that the errors that occurred in the previous stage were not identified, but the subject
only verified the image visually. Next, the subject made an alternative drawing combining
flat shapes consisting of a triangle and three squares of different sizes. The subject tried to
calculate the perimeter of this alternative drawing, but the errors in the previous stage still
existed, especially related to the concept and formula of perimeter.

The above analysis was obtained from the results of class analysis and supported by
subject interviews. The following is a transcript of the CK subject interview:
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P

CK

CK

CK

CK

CK

CK

P
CK

C.

: Did you understand the information given in the problem and did you experience any
difficulties?

: Yes, I understood the question and I didn't have any difficulties.

: How many pictures did you make?

2 Just one picture

: What is the first step before you draw the flat shape?

: Finding the length of the sides of the shape, if it is known, finding the perimeter of
the flat shape.

s How long did it take you to find a flat shape that is different from the given shape?

21 found the perimeter to be about the same, but it took me about 7 minutes to draw
the different flat shapes.

: What did you do while you weren't coming up with ideas for other images?

s Yes, I just stay quiet while thinking, other than that, 1 play with pencils and doodles.
s In this alternative, tell us how you came up with the idea to draw the flat shape?

: First, I drew a triangle with a height of 3 and a base of 4, then I made a square with
4 sides and added them up, but it still didn't fulfill my need to make a square with size
2 and another square with size 1.

: Did you check your work again?

s Yes, I went back to look at the drawing I made

Creative Thinking Process of Non-Creative Students

The results of research on uncreative students on creative thinking questions can be

seen in Figure 4.
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Figure 4 Students' Answers Not Creative
Based on Figure 4, subjects with the u)n-creative category (TK) were identified as
having difficulty in working on problems. At the preparation stage, the subject did not
understand the problem given. The subject seems confused in distinguishing between
perimeter and area, as well as finding both in the flat shape. The subject also realized that
the flat figure was a combination of three right triangles and a square. At the incubation
stage, the subject took about five minutes to think about how to solve the perimeter problem.
The subject seemed to have difficulty finding the right solution, so it took longer to consider
various possibilities. At the illumination stage, the subject began to look for the length of
each side of the flat shape. However, at this stage of illumination, the subject experienced
errors in understanding the concept of the combination of flat shapes. After completing the
calculation, the subject did not re-examine the problem given. It caused the errors that
occurred in the illumination stage not to be detected and corrected.
The following is a transcript of the subject's interview as the verification of the
observations above:

P : Did you understand the information given in the problem?

TK :Actually, no, because I was still confused so I calculated the perimeter and area of
the flat shape.

P : Did you have difficulty understanding and writing down the information in the
problem?

TK :Yes, Mam.

P :How many figures did you make?

TK  :Just one figure
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P : What was the first step before you drew the flat shape?

TK : Finding the length of the sides of the shape, if it is already known, finding the
perimeter and area of the flat shape.

P : How long did it take you to find a picture of a flat shape that is different from the
given picture?

TK : It took me about 10 minutes to come up with the idea because it's hard to have the
same perimeter and area. Sometimes the perimeter is the same but the area is different.

P : What did you do while you haven't come up with an idea to create another image?

TK : Yes, just keep silent while thinking, besides playing with pencils and making
scribbles.

P :Inthis alternative, tell us how you came up with the idea to draw the flat shape?

TK : First, I drew a rectangle with length 10 and width 5, then I drew a triangle with base
2 and height 4. Then [ find the perimeter and area and the results are the same.

P :Didyou check your work again?

TK :No, because the time is up 23

Based on the exposure of the research results, the creative thinking process of
creative students met thB'ndicators of fluency, flexibility and originality. It was carried out
completely through the stages of creative thinking, namely at thmreparation, incubation,
illumination, verification stages resulting in a good solution. In the preparation stage, the
subject was able to understand the information in the problem. At the incubation stage, the
subject carried out activities and did not take long to find a solution idea so that at the
illumination stage the subject made a drawing of 3 clifb'ent flat shapes. The subject also
checked again even though the time was almost over. Es finding is consistent with the
research by Alimuddin et al. (2019) that students who are able to fulfill all indicators of
creative thinking tend to provide answers based on their experience of similar problems that
have been faced in the decision-making process.

Students with fairly creative categories have some deficiencies in their thinking
process. The error occurred at the illumination stage. The subject incorrectly used the
required formula. Not only that, the subject made an error at the stage of understanding the
concept of a combined flat shape. The subject looked for the perimeter of the combined flat
shape by adding up all sides including the inner side. Based on the research results found by
Sari & Yuwono (2020), one of the mistakes that students often make is the lack of accuracy
in understanding and solving problems.

Furthermore, the thinking process of students in the non-creative category showed
many deficiencies in the thinking process. At the initial stage, namely preparation, the
subject was unable to understand the pBblem in depth. Thus, it caused the subject unable to
solve the problem properly. This result is in line with research by Kushendri & Zanthy (2019)
which states that students often do not understand problems well. As a result, they have
difficulty in applying stragies, performing calculations, and not double-checking correctly.

This study shows that there are differences in the creative thinking process among
students with very creative, fairly creative, and non-crive categories in solving flat
building problems based on Wallas' theory. This finding is in line with research by Khasanah
& Sugiarti (2018) which states that differences in creative thinking processes can be seen
from the way students understand initial information, plan solution ideas, and carry out
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solutions in various ways. These differences can be influenced by the level of motivation,
attitude towards learning, as well as students' responses to certain environments and
classroom practices (Potur & Barkul, 2009).

20
E)NCLUSION

Based on the results of tharesearch and discussion, it shows that very creative
students can successfully complete the four stages of the creative thinking process according
to Wallas' theory, and produce optimal solutions. Fairly creative students have some
shortcomings, especially at the illumination stage, such as using the wrong formula. In
addition, there were errors at the stage of understanding geometry concepts, where students
added up all sides, including the inner side, to calculate the perimeter of the combined flat.
Meanwhile, non-creative students showed many obstacles in their thinking process. At the
preparation stage, students were unable to understand the problem comprehensively, so they
failed to solve the problem propea'.

This research focused on students' creative thinking process in solving open-ended
problems on flat shems based on Wallas' stages. It is recommended for future research to
develop a study on students' creative thinking process based on other theories in solving
open-ended problems by considering their level of creativity in different content.
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