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Abstract— The present study aims at identifying students’
creative thinking in applying various representations to solve
mathematical problems. This descriptive study was done in a senior
high school in Makassar, Indonesia. The subjects were two selected
students with high spatial-visual intelligence taken from 62 grade
X1 students who participated in the pre-test. The data were gathered
from students’ written work in problem solving and visual-spatial
test, and interview. The analysis of data was done qualitatively
using deductive approach. The research showed that the students’
creative thinking was involving the symbolic and visual
representation, and visual-spatial intelligence. The steps of creative
thinking can be explained in four steps, as follows: (1) Preparation,
including information gathering (symbolic representation) and
problem translating, (2) Incubation, including ideas and conjectures
constructing, (visual and symbolic representations), connecting and
recalling the appropriate concepts to solve the problem (3)
Illumination, including ideas designing and applying (visual
representation) and (4) Verification, including solution testing
(symbolic representation) and conclusion making.
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I. INTRODUCTION

Creativity is one of the important aspects in learning
mathematics [1],[2]&[3]. According to Gardner, creativity is
a multiple intelligences that activate the brain function to
develop cognitive scheme which is beneficial to explain the
abstract concept that enable students to gain better
understanding in learning mathematics [4].

In 1950, Guilford et al. introduced Structure of Intellect
which emphasized three important aspects in creativity, i.e.
fluency, flexibility and originality [5]. Furthermore, Wallas
explained the four steps of critical thinking involving
Preparation, Incubation, Illumination and Verification [6],
while Anderson & Krathwohl formulated three stages of
creative thinking, i.e. Generating, Planning and Producing

[71.
Basically, every student has potency to be creative.

However, in traditional classroom, teacher mostly presents
routine problems which are algorithmic and mechanistic.
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This kind of problem usually has one correct answer. It
makes the students’ creativity is not fully developed.

Besides creative thinking, representation plays crucial
role as it is targeted as one of five important skills
accomplished through the learning of mathematics [8]. In
general, mathematical representation can be classified in to
visual (pictures, diagrams, graphics or tables) and symbolic
(mathematical statements, notation, numeric and algebraic
symbols) and verbal representations [9]. The ability to use
different type of representations reflects the students’
conceptual understanding of the problem [10].

The use of representation will support the student in
creating more concrete mathematical ideas since the complex
problem can be simplified by using appropriate mathematical
representation [8], [11], [12]. In addition, different uses of
representations can be useful support to enable students in
learning as can be seen in numerous studies (see [13],
[14]&[15]). In the previous studies, the students were
reported to be aware in using visual and symbolic
representations in their mathematical problem solving [16],
[17]&[18]. However, students’ lack of details contributed to
the inability of constructing a proper representation of
mathematical objects.

Generally, the students’ ability in making representation
are varied due to many factors, including their multiple
intelligences. It is further recognized to significantly
contributes to students’ learning achievement in mathematics
[19]&[20] and problem solving ability [21]. One type of
multiple intelligences is visual-spatial intelligence which is
the skill to accurately understand, transform and modify their
visual experiences [22]. It is also consiered as the ability to
imagine different position and shape or manipulate objects in
their minds [23].

Previous researches mostly focused on students’ creative
thinking in solving mathematical problems by using various
representation. In the presentreport, we investigated the
contribution of the students’ visual-spatial ability toward
their problem-solving ability by thinking creatively and
applying various representations. The results of the study
might be useful for teachers to guide the students in

Copyright © 2020 The Authors. Published by Atlantis Press SARL.
Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 99


mailto:nourmapw@unram.ac.id

ATLANTIS
PRESS

developing their critical thinking and flexibility in using
different representations.

Il. METHODS

As the aim of the study was to describe the students’
creative thinking in solving mathematics problems using
various representations, and descriptive study has been
chosen as the design of the research. The overall participants
were 62 students in grade eleventh of a senior high school in
Makassar, Indonesia. The participants were given a visual-
spatial test and from the population, 2 subjects with high
visual-spatial intelligence were chosen as the subject of the
present study.

The data were gathered from students’ work in problem
solving test and interview. The data were analyzed
qualitatively using qualitative content analysis with deductive
approach [25]. There are four steps in the analysis including
data preparation, organization, presentation and estimation.
This technique is deliberately chosen as it is usefulness to
clearly describe every creative thinking process.

The students’ responses were analyzed based on its
creativity and representation abilities using the following
indicators. There are four indicators in creative thinking
process as adapted from Wallas, Anderson & Krathwohl [7]
and Polya problem solving steps [24]. The first indicator was
Preparation, including information gathering (symbolic
representation) and problem translating. The second indicator
was Incubation, including ideas and conjectures constructing,
(visual and symbolic representations), connecting and
recalling the appropriate concepts to solve the problem. The
third indicator was Illumination, including ideas designing
and applying (visual representation). The fourth indicator
was Verification, including solution testing (symbolic
representation) and conclusion making.

In addition, the indicators for mathematical representation
can be classified as: (1) Visual Representation, e.g. making a
pictures, graphs or tables from available information; (2)
Symbolic Representation, e.g. making and applying the
mathematical equations or expressions to solve the problem
[18].

I1l. RESULTS AND DISCUSSION

In the following discussion, we describe how the subjects
worked on problem solving test to investigate their creative
thinking and the application of mathematical representations.

In the Preparation stage, both of the students were
gathering information given in the problem and wrote the
symbolic representation of it. S2 provided more details as can
be seen in Fig.1.
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Fig. 1. Symbolic Representation of S1 and S2

Translation
S1
Given :Volume of oil = 1.8liter = 1.8dm?®
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S2

Given :Danu bought 1.8liter oil put in a plastic and he wants to move it to a
container.

Asked :Draw as many as possible three-dimensional spaces [as container]
and determine its size

During the interview, it was found that in this process,
both of subjects were translated the problem visually in their
mind and then wrote the symbolic representation to help
them in constructing strategies to solve the problem.

In the Incubation stage, both S1 and S2 employed their
visual-spatial intelligences to imagine or represent the shape
of the container that will be used as the solution for the given
problem. S1 connected the concepts and principles relate to
any three-dimensional shape will be able to create with
adjusted size, except cube since it has to have equal sizes.

Since S1 thought the ideas were ready to be implemented
and he proved in in Verification stage, S1 made another
conjecture by combining two three-dimensional shapes.
Here, S1 modified the visual experiences into visual

representations.
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Fig. 2. Symbolic and Visual Representation of S1

In the Illumination stage, S1 started the work by choosing
the arbitrary size for each sides of the shape which is
represented visually using a picture. S1 firstly used the
rectangular prism and then combine 2 three-dimensional
spaces into 1 shape using the ability to transform and modify
the visual experiences. S1 checked the volume in the
combination objects and ensured that the total of volume will
be 1.8 liter. As can be seen in Fig.2, there are seven solutions
S1 offered towards the problem.

Meanwhile S2 had difficulty in his trial if the shape of the
container was cylinder. Using the similar process as S1, S2
offered five solutions as can be seen in Fig.3. The S2 works
involved an accurate skill in perceiving visual world, one of
the indicators of visual-spatial intelligence.
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Fig. 3. Symbolic and Visual Representation of S2

In the Verification stage, both of the subjects verify the
correctness of the solution using working backward
procedures. They also created a conclusion and explained it
verbally during interview, even though they not wrote it on
their test. Overall, the creative thinking using various
mathematics representations of the students with high visual-
spatial intelligence can be illustrated as in Fig.4.
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Fig. 4. Creative Thinking Process Using Various Representations
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TABLE 1. CODE FOR STUDENTS’ THINKING PROCESS

Representation Code
Symbolic Representation Sym Rep
Visual Representation Vis Rep
Visual Representation Creation Vis Rep Crt
Mathematical Expression Creation Mat Exp Crt
Visual Representation Application to Solve Vis Rep App
Mathematics Problem

Mathematical Expression Application to Solve Mat Exp App
Mathematics Problem

Visual Spatial Intelligences to Transform Visual VSI Trf
Experiences

Visual Spatial Intelligences to Modify Visual VS| Mdf
Experiences

Visual Spatial Intelligences to Perceiving Visual VSI Prc
Experiences

Problem Observation/Translation Prb Obs
Information Gathering Inf Gat
Ideas Construction Ide Con
Remember Concepts, Ideas and Principles Con Rem
Ideas Design Ide Dsg
Ideas Application Ide App
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Representation Code
Solution Testing Sol Tes
Valid Conclusion Val Ccl

General Ideas Gl

Construct 1 three-dimensional shape, determine its size Pattern 1
by trial and error strategy
Construct 2 three-dimensional shape, determine its size Pattern 2

by trial and error strategy
Preparation Stage
Incubation Stage
Illumination Stage
Verification Stage

Based on Fig.5, the creative thinking process of the
students with high visual-spatial intelligence were slightly
different with the developed model by Wallas and Anderson
& Krathwohl. The differences were found in Preparation and
Incubation stages. During Preparation, subjects gathered all
of the relevant information before looking at the problem.
While in Incubation, the subjects constructed conjectures
first, before recalling and connecting the relevant concepts,
principles or properties. After that, the subjects solve the
problem with the support of their abilities in transforming
visual experiences. The next stages in Illumination and
Verification were proceed in line with the results of Wallas
and Anderson & Krathwohl.

The students were also performed good abilities in
planning and perceiving the visual experiences into their
problem-solving procedures. It is show that their creative
thinking process involved in more than one types of
representation, in this case visual and symbolic
representations. Using the support of representation, the
students got better understanding to solve the problem [12],
[17], [26].

Furthermore, the visual-spatial abilities of the subject
played important roles in their problem solving. It can be
seen that students’ ability in creating appropriate pictures
[19], [20], [22], [27]. One remark according to this, even
though both students fluently proposed the solutions and
provided more than four alternatives, if we closely observe
their works, it can be seen that both of them made a non-
equivalent measurement in their drawing. In Fig.5., S1 made
the length of 20cm longer than 43cm and 2cm seemed to be
too long, not in proper proportion. Also, S2 made the size of
27cm, 2cm and 100cm without significant difference.
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Fig.5. Non-proportional Size in Visual Representation of S1 and S2

Regarding the flexibility aspect, the students applied their
ideas differently, but using one three ideas as follows: (1)
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single shape, (2) combine two similar shapes and (3)
combine two different shapes. In term of originality, the
students’ ideas to combine two three-dimensional spaces
were new for them and it was originally developed by their
own thinking after imaging what kind of container that will
be useful to keep the oil.

IV. CONCLUSION

Based on the analysis of the study, it can be concluded
that the steps of creative thinking can be explained in four
steps, which are Preparation, including information
gathering (symbolic representation) and problem translating;
Incubation, including ideas and conjectures constructing,
(visual and symbolic representations), connecting and
recalling the appropriate concepts to solve the problem;
IHlumination, including ideas designing and applying (visual
representation); and Verification, including solution testing
(symbolic representation) and conclusion making.

During the process, the students made mistakes in
creating visual representation, i.e. inaccurate size
comparison of the sides of the three-dimensional shape.
Furthermore, the creativity in problem solving involved two
types of representation, symbolic and visualization. Also,
the visual-spatial intelligence of the students was applied
when they accurately transforming, modifying and
perceiving their visual. Reflected from the results, teachers
should encourage students to develop critical thinking
abilities by using various representations.
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