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Abstract

Analogical reasoning plays a crucial part in problem-solving since it requires students to connect
prior knowledge with the issues at hand in learning mathematics. However, students struggle
when developing solutions to the issues utilizing analogies even if there is a connection between
mathematical creativity and analogical reasoning. The aims of this studywere to assess students’
use of Ruppert’s phases to solve problems and identify students’ analogy patterns to solve target
problems. This study is qualitative in nature. Of 19 research participants, six were then chosen
using the purposive sampling technique based on their levels of mathematical creative ability.
Test, interview, and documentation were the data gathering techniques used in this study. The
study’s findings suggested that good analogical reasoning skills did not serve as a prerequisite
for students with strong mathematical creative thinking skills. Only one subject out of three
who possessed necessary mathematical creative thinking abilities could go through the four
steps of analogical reasoning-structuring, mapping, applying, and verifying. All other subjects
were unable to complete the four steps of analogy, and even their creative thinking skills were
weak. This was because the students did not comprehend the idea and could not connect prior
knowledge with the issues at hand. In order to remind students of their prior knowledge and
experiences, it would therefore be necessary at this analogy stage to establish an initial stage
before structuring. The format and degree of difficulty of the questionswere assumed to be other
elements that might influence students’ responses. The results of this study are expected to be
a reference for further research, namely increasing analogical reasoning optimally as an effort
to increase students’ prior knowledge and students’ mathematical creative thinking abilities in
solving mathematical problems.
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1 Introduction

Mathematics has yet to become an interesting subject for most students, and sometimes it even
ends up being one of the most terrifying to them [32]. Even though mathematics is a compul-
sory subject taught in every educational institution. Mathematics proficiency is crucial because
this subject is the master of science [21]. Mathematics is needed in various fields, even in solving
life problems. Mathematics concerns real concepts, relations, and operations, as well as abstract
principles. Thus, to solve problems, it is not enough to only have a basic understanding; it will
require a high level of thinking process. Solving mathematical problems cannot be divorced from
the way individuals process their cognition. The process is linked to how they receive informa-
tion, how they process information, and determine the outcome. However, the evidence indicates
that numerous studentsmerelymemorize procedures for solvingmathematical problemswithout
comprehending the significance underlying these procedures [33].

Analogical reasoning is a cognitive process of establishing connections between representa-
tions, frequently between existing and new ones [30]. Analogies play a key role in higher-level
cognition, and because of their pervasiveness and broad influence, it is crucial to understand how
analogical reasoning develops in order to comprehend human cognition more broadly [11, 14].
When the answer to a current issue is discovered by drawing parallels between that issue and
an earlier one, this is known as analogical reasoning. In particular, analogical reasoning involves
drawing conclusions and formulating assumptions about a new situation (the so-called "target
problem") using a previous, well-known situation (referred to as the "source analogy" or the
"source problem") [10]. Analogical reasoning involves the use of adaptability, memory, and rea-
soning in order to solve difficult analogies [12]. According to [18], a problem-solving process
involves two steps, namely, recognition, which is the process of relating target problems to source
problems, and analogical reasoning. [18] also argued that identifying a primary problem is essen-
tial to resolving a target issue, where the source issue should be comparable to the target issue. To
address the target problem, new completion steps must be implemented after resolving the cause
problem.

In the present research, the process of resolving analogical problems used some analogical
reasoning components, namely, structuring, mapping, applying, and verifying [26]. Structuring
refers to determining each mathematical element present in the target issue by drawing conclu-
sions from identical links between the source problem and the target problem by encoding the
objects or properties. Finding identical character code linkages between the source problem and
the target problem is known as mapping. After drawing conclusions from the similarity or iden-
tity of the character code relationships between the source problem and the target problem, the
relationships are then mapped to the target problem. Applying means using the steps used to
solve the source problem to solve the target problem. Finally, verifying entails examining the tar-
get problem’s solution and determining whether it is appropriate with the source problem. This
study analyzed the analogical reasoning of students in solving target problems. Throughout the
process of solving these problems, two things were to be found:

1. the reasoning of students in solving problems following Ruppert’s stages, where the stages
they could and could not perform were identified,

2. the analogy patterns established by the students when solving the target problems,

which were also based on the mathematical creative thinking abilities of the students.
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Reasoning and thinking together are imperative for students in order for them to be able to
represent their ideas in solving problems. Thinking creatively is at the highest level. Divergent
thinking is frequently used to define creative thinking. In an OECD-conducted PISA study, cre-
ative thinking is defined as the capacity to actively participate in the generation, assessment, and
refinement of ideas, which can result in novel and efficient solutions, developing knowledge and
expressions that affect imagination [4]. Additionally, creativity is acknowledged as being essen-
tial to the imaginative capacity of humans across all fields, and it is clear that its impact permeates
all aspects of life [22]. According to a growing body of research in recent years [6, 27] and [34],
creativity is a necessary 21st-century ability that can be fostered and should be incorporated into
the curriculum from an early age. In general, analogy research has prioritized analogical transfer
as a method for learning in development and education, as well as for analytical thinking and
problem-solving, placing less emphasis on creativity [2, 13].

According to research, training can be used to teach, learn, and enhance creative thinking
[28]. In amathematical setting, problem-solving is typically connectedwith creativemathematical
thinking, especially in open-ended inquiries [17, 29]. The fluency component looks at a student’s
active and accessible understanding of a particular mathematical activity. When tackling an open
mathematics problem, the flexibility component looks at how quickly one can switchmental states
(for instance, by using a different mathematical concept each time). Finally, the originality factor
determines how distinctive the student’s response is and whether it is the same as the majority of
other responses [8].

Analogical problems have been used in research by some researchers. For instance, [9] and
[7] used algebra and combinatorics analogical problems and analogical challenges involving sta-
tistical notions with combined difficulties and independent events, respectively. In this research,
analogical problems related to trigonometry were used. Previous research on analogy problems
in trigonometry has also been carried out by [5] with the aim of research to see students’ analog-
ical reasoning in solving trigonometric problems in terms of cognitive style. The results of this
study concluded that when viewed from a systematic cognitive style, students were able to un-
derstand the problems given, use information to solve problems, and apply their own methods
to solve problems in a structured manner, while students with intuitive cognitive styles were able
to understand problems and use information well, but in solving the problem is not yet struc-
tured. Students with an intuitive cognitive style prefer trial and error, rely on cues, and easily
jump from one solution to another and students with a systematic cognitive style tend to analyze
and interpret problems systematically, carefully, and carefully by making careful planning before
starting. settlement process. Thus, it was found that there were differences in previous research
and research conducted by this researcher, among others, in this study, the researcher reviewed
analogical reasoning based on students’ creative thinking abilities.

The purpose of this study was to assess the stages of analogical reasoning carried out by stu-
dents in solving target problems and identify patterns of reasoning carried out by students, es-
pecially in trigonometry problems. Because trigonometry is one of the material requirements
that must be mastered by students before studying and solving calculus problems. So far, what
has happened in learning mathematics in tertiary institutions, especially students in mathematics
education, is the lack of initial knowledge so that they will continue to experience difficulties in
learning and subsequent mathematical problems. Analogical reasoning is very important to do
in the Higher Education mathematics learning environment to be able to develop their reasoning
abilities by remembering the initial concepts that have been previously studied and then applied
to the problem to be solved. However, in analogical reasoning is still very rarely done in learn-
ing mathematics, even though analogical reasoning can also develop students’ creative thinking
skills through its stages, namely when digging up initial knowledge information, applying it to
the problem to be solved, and verifying answers.

427



Mutia et al. Malaysian J. Math. Sci. 17(3): 425–440(2023) 425 - 440

2 Methodology

This study was to analyze the analogical reasoning of students in solving problems following
Ruppert’s stages of structuring, mapping, applying, and verifying. It also attempted to find the
analogy patterns established by the students when solving target problems. This analysis was
based on the levels of mathematical creative thinking ability of the students: high, moderate, and
low.

Table 1: Levels of creative thinking ability.

Criteria Score
High ≥ 67

Moderate 33− 67

Low ≤ 33

A descriptive-qualitative approach is used in this study. The population of this study were
all even semester students who were taking trigonometry courses for the 2020/2021 academic
year, totaling 19 people (n=19). All these students were given a creative thinking ability test
and then six people were selected based on the score and level of mathematical creative thinking
ability, namely for a high creative level by using interval of score ≥ 67, for a moderate creative
level 33 < score < 67 and a score for a low creative level ≤ 33 [3]. The grouping of high,
moderate, and low creative thinking abilities is explained in Table 2. The six students were each
codedAL, LF, PU,NH,ZH, andTM. The selection of these six sampleswas also based onpurposive
sampling, namely a sampling technique from data sources based on certain considerations [31].
The considerations given are those that make the most mistakes.

Table 2: Research subjects.

No Code Level of mathematical creative
thinking ability

1 AL
2 LF Moderate
3 PU
4 NH
5 ZH Low
6 TM

In this study, no students were with high mathematical creative thinking ability. Thus, only
students withmoderate and lowmathematical creative thinking ability were involved. The instru-
ment used in this studywas a test composed of target problems regarding trigonometric equations.
The validation of the instrument was carried out by two experts, according to whose suggestions
the instrument was revised. Additionally, a reliability test was also carried out on the instrument.
Finally, the instrument was used to test the students’ analogical reasoning ability.

The data collection techniques employed in this study consisted of test, questionnaire survey,
and in-depth interview. Test was used to determine students’ problem-solving abilities according
to Ruppert’s analogical reasoning steps. Interview was used to determine the depth of students’
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answers in solving the functional problems presented to themwith special attention to the analog-
ical reasoning steps. The data collected were analyzed following the steps of data reduction, data
presentation, and conclusion drawing. Based on the data obtained from the research subjects’ test
results, interviews were carried out to confirm the research subjects’ work.

Data reduction was conducted to allow for an eventual drawing of acceptable and account-
able conclusions. After reduction, data were presented in a descriptive form. The last step was
drawing conclusions, which constituted an important activity in data analysis. After establishing
and verifying assumptions based on the data and information collected, several conclusions were
drawn.

3 Finding and Discussion

A summary of the achievements of the analogical reasoning steps of the six students, whowere
the research subjects and sources of data in this study, is presented in Table 3.

3.1 The mathematical analogical reasoning of students with moderate mathematical creative
thinking ability in the structuring and mapping stages

Not all students with mathematical creative thinking skills were able to solve trigonometric
equation problems well. At the structuring stage, it would be very important for students to re-
member the concepts that they had learned previously. However, students still found difficulties
in using the concepts that they had learned and in identifying the source problem that they would
use to solve the target problem. For example, the studentswere presentedwith the following prob-
lem: 4 sin2(x)− 4 sin(x) = 3 and were asked to find the solution to it. The following is an answer
given by PU:

4 sin2(x)− 4 sin(x) = 3,

4 sin(x)
(
sin(x)− 1

)
= 3,

4 sin(x)
(
sin(x)− 1

)
− 3 = 0.

Based on this answer, PU failed in the structuring stage and therefore could not proceed to solve
the problem. During an interview, PU expressed his confusion about where to start solving the
question. He was not able to recall the concept of factoring. Therefore, he could not finish the
following stage, which was mapping, either. The following is an excerpt of the interview:
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Table 3: Students’ mathematical analogical reasoning steps achievements.

Step Indicator Subject
AL LF PU NH TM ZH

Structuring:
Identify the form
of each equation
existing in the source
problem by coding
the source prob-
lem’s attributes or
characteristics, and
conclude identical
relationships in the
code of the source
problem.

1. Be able to give examples of lin-
ear and quadratic equations in
the source problem

✓ ✓ ✓ ✓ ✓ ✓

2. Identify the trigonomet-
ric identity in the source
problem which will then be
applied to the target problem

✗ ✓ ✓ ✗ ✗ ✗

3. Identify the numerator and
denominator in the source
problem to solve the target
problem

✗ ✓ ✓ ✗ ✗ ✗

Mapping:
Look for identical
relationship between
the source prob-
lem and the target
problem and draw
conclusions from the
similarity/identical
relationship between
the source prob-
lem and the target
problem.

1. Find the displacement rule in
linear equations in the source
problem and the target prob-
lem

✓ ✓ ✓ ✓ ✓ ✓

2. Find the factoring in the
quadratic equations in the
source problem and the target
problem

✗ ✓ ✗ ✗ ✗ ✓

Applying:
Apply the conclu-
sions from the source
problem to the target
problem to solve the
target problem

Apply the steps in solving the
source problem regarding the
following rules:

1. Moving segments ✓ ✓ ✓ ✓ ✓ ✓

2. Factoring ✗ ✓ ✗ ✗ ✗ ✓

3. Using numerators and de-
nominators

✗ ✓ ✓ ✗ ✗ ✓

4. Using trigonometric identities
for target problems

✗ ✓ ✓ ✗ ✗ ✗

Verifying:
Re-check the correct-
ness of the solution of
the target problem by
checking the agree-
ment between the tar-
get problem and the
source problem

Solve the target problem by per-
forming calculations using the
concept or method applied in
solving the source problem

✗ ✓ ✓ ✗ ✗ ✗
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Q : How did you end up with that answer?
PU : I apologize, I did not know how to solve the problem.
Q : Have you learned factoring?
PU : I have, Ma’am, during high school and college.
Q : Did it not occur to you that the question is like a quadratic equation? Please look at it

again.
PU : (Looking back at the answer). I am confused, Ma’am.
Q : Well, the trigonometric equation has this form: 4 sin2(x) − 4 sin(x) = 3. If we make an

analogy of it in a quadratic equation (source problem), we canwrite it as 4x2−4x−3 = 0,
where x can be substituted for sin(x).

PU : Oh, yes, Ma’am. I did not think of it that way at all.
Q : Why didn’t you think of it that way?
PU : Maybe because the first thing that occurred to my mind when I saw the problem was

that it was difficult. But then I realized that it was not as difficult as I thought. If that is
how it should be done, then I can do factoring and solve the problem, Ma’am.

Another student, AL, was able to complete the problem well. He could identify the source
problem by recognizing the target problem as a form of ordinary quadratic equation. He could
also perform factoringwell by converting 4 sin2(x)−4 sin(x)−3 = 0 into

(
2 sin(x)−3

)(
2 sin(x)+1

)
.

He could perform the structuring stage by recognizing the concept of quadratic equations, but he
made some factoring errors in the mapping stage. The following is an excerpt of the interview
where he confirmed his answer:

Q : Do you know about factoring?
AL : Yes, Ma’am. I do.
Q : If factoring is performed on the equation 4A2 − 4A− 3 = 0, then what is the result?
AL : The result is (2A+ 3)(2A− 1), Ma’am.
Q : Are you sure?
AL : Very sure, Ma’am.
Q : Okay then. Try the reverse operationwith (2A+3)(2A−1). Do you get 4A2−4A−3 = 0

too?
AL : Okay, Ma’am. I write (2A + 3)(2A − 1) = (2A)(2A) − (2A)(1) + (3)(2A) − 3 = 4A2 −

2A+ 6A− 3 = 4A2− 4A− 3. Here is the result, Ma’am.
Q : Are you sure it is −2A+ 6A = −4A?
AL : Yes, ma’am.

Based on the interview excerpt above, the student still did not understand the concept of
adding integers. For example, he could not perform operations when a negative integer met a
positive integer correctly. It was also figured out that the student had difficulties in 1) writing
the addition of integers and drawing a number line, 2) understanding the concept of subtraction
andmixed-integer operations, and 3) determining the results of subtracting integers as he was not
being thorough and did not understand the meaning. Indeed, the material on integer operations
is difficult for students to understand, and the same holds true even for college students. One
of the reasons for this is that students did not understand the basic concepts on this topic when
they were in elementary school. Other reasons include, among other things, motivation, learning
interest, teaching materials, and the ability level of the student. Difficulties related to operations
and principles are most frequently experienced by students (79.4%) [19].
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Other findings were found from the students’ solutions to the problem

2 cos(x) cot(x)−
√
2 cot(x) = 0.

LF was able to identify the question. He could change the form of the question using the trigono-

metric identity cot(x) =
cos (x)

sin (x)
in order to map the target problem. Still using the trigonometric

identity, LF was also able to restructure the equation 2 cos2(x)−
√
2 cos(x) = 0 into the quadratic

equation 2a2−
√
2a = 0, whichwas thenmapped to the target problem in order to derive a solution

from the equation.

Based on students’ answers to the problem 2 cos (x) cot (x) −
√
2 cot (x) = 0, the flexibility of

each student in answering the problem was identified. There was a difference in how LF and
AL answered this problem. LF used mapping by assuming cos(x) as a, while AL neither used
mapping by assuming cos(x) nor used a quadratic equation. Instead, AL applied mapping by
moving equations. The following is a comparison of how LF and AL solved the problem:

Table 4: Comparison of LF’s and AL’s answers.

Problem: 2 cos(x) cot(x) =
√
2 cot(x) = 0

LF’s Answer AL’s Answer
2 cos (x) cot (x)−

√
2 cot (x) = 0 2 cos (x) cot (x)−

√
2 cot (x) = 0

2 cos (x)
cos (x)

sin (x)
−
√
2
cos (x)

sin (x)
= 0 2 cos (x)

cos (x)

sin (x)
−
√
2
cos (x)

sin (x)
= 0

2
cos2(x)

sin (x)
−
√
2
cos (x)

sin (x)
= 0

2 cos (x)
cos (x)

sin (x)
=

√
2
cos (x)

sin (x)

}
→

identify fractions
(have the same
denominator)

2 cos (x)
cos (x)

sin (x)
=

√
2
cos (x)

sin (x)

2 cos (x)
cos (x)

sin (x)
=

√
2
cos (x)

sin (x)

2 cos (x) =
√
2
cos (x)

sin (x)

sin (x)

cos (x)

Performing mapping:
cos(x) =

√
2

2Make a distinction of cos(x) = a:

2a2 −
√
2a

sin (x)
= 0 →

2a2 −
√
2 a = 0(

2a−
√
2
)
(a) = 0

The difference between students in structuring and mapping reflected the creativity of each
student in arriving at the same and correct answer. LF’s answer was closer to the actual answer.
The problem 2 cos (x) cot (x)−

√
2 cot (x) = 0 does not only have one solution. The problem is an

open problem without any limit as to the value of cos(x), so the angle can be anywhere from 0◦ to
360◦.

In answering the problem 2 sin (2x)− 3 sin (x) = 0, LFwas also able to perform structuring and
mapping well. LF was able to use trigonometric identities to identify the source problem using
sin(2x) = 2 sin(x) cos(x). Meanwhile, AL performed mapping by using 2A = 2 sin(A) when it
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should have been sin(2A) = 2 sin(A) cos(A). Thus, at the structuring and mapping stages, even
though the students had sufficient quality for creative thinking, it turned out that errors were
still found. Errors were found in structuring and mapping the source problem. This could be
caused by students’ inaccuracies, forgetting factors, and lack of conceptual understanding. The
ability to correctly differentiate between a variety of potentially relevant source analogies when
tackling new problems is a requirement for mathematical proficiency. Experimental results in
two different mathematical contexts demonstrated that introducing cues to support comparative
reasoning during an initial instructional analogy resulted in an improved ability to distinguish
between pertinent analogies at a later test. This is in contrast to teaching the same analogy and
solution strategies without such cues [25].

3.2 Themathematical analogical reasoning of students with lowmathematical creative think-
ing ability in the structuring and mapping stages

In solving trigonometric problems, students with low creative thinking skills were not able to
carry out the problem-solving process properly. NH and ZH could only answer two of the four
questions given. NH looked hesitant in answering the following problem:

4 sin2(x)− 4 sin (x)− 3 = 0.

Figure 1: NH’s answer in the structuring and mapping stages.

As shown in Figure 1, NH appeared unsure of using her answer to solve the problem. This can
be seen from the first and second lines in NH’s answer, which read:

4 sin (x)
(
sin (x)− 1

)
= 3,

4 sin (x)
(
sin (x)− 1

)
− 3 = 0.

These lines were then followed by factoring. However, the factoring process carried out by NH
was correct. This led the researcher to ask her in person through an interview to confirm the
answer. It turned out that when structuring the target problem, NH was confused and unable to
solve it. In the end, NH admitted that she copied her friend’s answer. Meanwhile, there were no
errors found in ZH’s answer. From his answer, ZH looked capable of structuring and mapping
problems and even demonstrative of flexibility and originality in thinking. As shown in Figure 2,
ZH provided an additional explanation of the completion of the answer, which was not necessary.
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Figure 2: ZH’s answer in the structuring and mapping stages.

The next answer to be discussed is that by TM. In solving a trigonometric equation, TM could
perform structuring and mapping well by assuming sin(x) = a. However, he performed factor-
ing incorrectly. Meanwhile, in answering the problem 2 sin (2x)− 3 sin(x) = 0, TM was unable to
carry out structuring well. By assuming sin(x) = a, TMmade mistakes in using the trigonometric
identity sin(2x). TM assumed that sin(2x) = 2 sin(x), so hewrote the example sin(x) = a as shown
in Figure 3:

Figure 3: TM’s answer in the structuring and mapping stages.

To the next problem 2 cosx cotx −
√
2 cotx = 0, alike to ZH and NH, TM could not answer

either.

3.3 The analytical mathematical reasoning of students with moderate mathematical creative
thinking ability in the applying and verifying stages

In the applying and verifying stages, students were asked to apply the conclusions from the
source problem to the target problem. In this stage, students could solve the target problem and
re-examine the correctness of the target problem solution. Students with moderate mathematical
creative thinking skills could also apply the conclusions they had derived, but they were often
not careful in using concepts and performing calculations, which caused errors in their answers.
Contrarily, the students were not as good in the verifying stage. When arriving at an answer, the
students did not re-check the target problem against the source problem. Students often made
simple answers and were hesitant to think further to check the agreement between the target and
source problems. In addition, some students were also found to work on the questions only half-
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way to the end, as was shown by AL in the following:

sin (2x)− 3 sin (x) = 0.

For example:

sin(x) = A,

2(2A)− 3A = 0,

4A− 3A = 0,

A = 0,

sin(x) = 0,

sin(x) = sin(0).

In this answer, students did not make any further explanation as to A = sin(x) and the value of
x as the solution of the equation. This was because the students were not accustomed to using
verbal language in solving math problems. Consequently, the researchers found it difficult to
understand what the students intended to explain. Based on interviews, it was found that the
students themselves did not understand the problems that theywere going to solve. Students often
did not think andwork hard enough in solving problems. Theyworked on problems perfunctorily.
In the next problem, AL also did not verify the form of the quadratic equation, which should be
made equal to 0 first before being factored. After factoring, it turned out that AL left out the

verifying or re-checking step. For instance, he only went as far as writing sin(x) = −3

2
, while he

was supposed to calculate the size of the angle x. Likewise, from his answer sin(x) = 1

2
= 300, it

appears that AL could not differentiate between the value of sin(x) and the size of the angle x.

Table 5: AL’s answer.

Problem: 4 sin2(x)− 4 sin(x)− 3 = 0

Example:
sin(x) = A

4A2− 4A− 3 = 0

(2A+ 3)(2A− 1) → Not made equal to zero

2A+ 3 = 0 2A− 1 = 0

2A = −3 2A = 1

A = −3

2
A =

1

2

sin(x) = −3

2
sin(x) =

1

2
= 30◦ → Still wrong in verifying answer

Should be → x = 30◦

On the other hand, LF could solve the trigonometric equation problems. LF could demonstrate
a quite flexible thinking process by offering more than one interpretation of the problems. To the
problem 4 sin2(x) − 4 sin(x) − 3 = 0 , LF offered two answers, namely x = 210◦ and x = 330◦,
in which case x was written as a solution set. In the problem to which students were given the
freedom to give more than one answer, it was not stated whether the angle should be between 0◦

and 90◦ (0◦ ≤ x ≤ 90◦) or between 0◦ and 360◦ (0◦ ≤ x ≤ 360◦).
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3.4 The analytical mathematical reasoning of students with lowmathematical creative think-
ing ability in the applying and verifying stages

Students with low mathematical creative thinking skills were not able to complete the ap-
plying and verifying stages, as shown by the answers of the three students, NH, ZH, and TM.
NH was not able to solve problems and admitted that she copied her friends’ answers. Mean-
while, ZH had performed verification, but it was not in accordance with what was expected in
the question. Likewise, TM was not able to apply the two stages to the source problems. TM’s
knowledge and conceptual understanding about quadratic equations were still weak, so he failed
to solve the trigonometric problems completely. The following is TM’s answer to the problem
4 sin2(x)− 4 sin(x)− 3 = 0.

Figure 4: TM’s answer in the applying and verifying stages.

In order to create something new, one needs to combine divergent and rational thinking into
creative thinking. One sign of mathematical creativity is the creation of something novel, whereas
the other signs pertain to logical reasoning and divergent thinking [24]. Based on level of creative
thinking abilities, the subjects in this study were divided into students with moderate mathemat-
ical creative thinking ability and students with low mathematical creative thinking ability. Of
the 19 second-semester students in the 2020/2021 academic year who were given trigonometric
equation problems, four students or 21.05% of all students were in the category of students with
moderate mathematical creative thinking ability, fifteen students or 78.95% of all students were
in the category of students with low mathematical creative thinking ability, and no one was in
the category of students with high mathematical creative thinking ability. Due to the absence of
students with high mathematical creative thinking ability, the subjects selected in this study were
representatives of students with moderate and low mathematical creative thinking ability only.
There were six subjects selected, who were coded by their initials as AL, LF, PU, NH, TM, and ZH.

Based on Table 3, the student with moderate mathematical creative thinking ability, LF, had
been able to use trigonometric identities at the structuring stage. Meanwhile, PU and AL had
not been able to identify all the information contained in the source and target questions, such
as information regarding suitable trigonometric identities which could be applied to solve the
target questions, correctly. This could be because PU and AL lacked a good understanding of the
concept. Their memories of past material, namely the form of quadratic equations, were still weak,
whereas in analogical reasoning, solving problems would involve relating past knowledge to the
problems to be solved [16]. Thus, at the structuring and mapping stages, students with moderate
mathematical creative thinking ability were not considered to be able to carry out the structuring
and mapping excellently as there were students who did poorly in identifying information, such
as trigonometric identities as well as the quantifiers and denominators in trigonometric equation
fractions, in source and target problems.
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On the other hand, students with low creative thinking ability, NH, TM, and ZH, were not
able to perform structuring andmapping properly at all when identifying trigonometric identities
to solve trigonometric equation problems. However, when it came to identifying the forms of
quadratic equations and trigonometric equations, ZH and TM were quite good. They were also
able to mention the relationship of information between the two. As for NH, she was unable to
do so, and when asked for confirmation in an interview, she admitted that she copied her friends’
answers. It is assumed that the errors in analogical reasoning were due to a lack of analysis when
connecting the conditions of the source problems and those of the target problems [23]. In the
mapping stage, the students made mistakes in identifying the relationship between the source
and target questions of the same object [20].

In the applying and verifying stages, students were asked to solve the problems presented and
draw conclusions. LF and PU were able to carry out the applying and verifying stages well by
applying the information previously obtained from the source problems to the target problems.
Meanwhile, AL could not perform verifying well, as can be seen from him only working on the
example. He was unable to perform the reverse operation to arrive at the equation presented in
the question. In addition, he did not confirm the angle value, which was the answer sought to the
given problem, thus giving a different interpretation. In an interview, AL confirmed that he did
not understand the concept of how to write the measure of an angle (e.g., xwith sin(x)). Students
with low mathematical creative thinking ability, NH, TM, and ZH, on the other hand, could not
perform the applying and verifying stages well. The students had a difficulty in not only finding
answers based on the information in the source and target questions, but also in determining the
relationship between the source and target questions. As revealed by research, studentsmaymake
mistakes in several stages of analogical reasoning, namely, the stages of inferring and applying. In
this study, students made mistakes in several stages of analogical reasoning too. In the applying
stage of analogical reasoning, students made mistakes in adapting the steps to solve the source
problems to the target problems.

As explained above, only LF could go through the four stages of analogical reasoning, namely
structuring, mapping, applying, and verifying. PU could carry out the applying and verifying
stages but failed to carry out the structuring and mapping stages, precisely in linking ordinary
quadratic equations to trigonometric quadratic equations. Meanwhile, AL was not able to carry
out all the analogical reasoning stages. AL made many mistakes in writing down mathematical
symbols such as large angles and trigonometric forms. He also made errors in multiplying pos-
itive integers by negative integers when factoring. Thus, it can be concluded that students with
moderate mathematical creative thinking abilities do not necessarily have high analogical reason-
ing abilities. This finding is in line with the statement of [1] that not all students in the high
analogical reasoning ability category have high creative thinking ability, and not all students in
the low analogical reasoning ability category have low creative thinking ability. However, when
the ability to think creatively in mathematics is lacking, students will not be able to perform the
analogical reasoning stages. Analogical reasoning errors are not a matter of reasoning itself. The
question support could also lead students to make mistakes in solving mathematical problems.
The form and level of difficulty of the questions could affect students’ answers. Students prefer
solving problems that are easy and familiar to solving new problems that will require past con-
ceptual knowledge [15].
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4 Conclusions

Analogical reasoning has a very important role in mathematics learning, precisely in solving
problems that involve the application of past knowledge to the problem to be solved. In theory,
analogical reasoning can develop students’ critical and creative abilities. This means that analogy
and creativity have a very close relationship. Research on analogical reasoning has not beenwidely
carried out in mathematics education. Research on this topic has mostly been carried out in fields
such as physics and biology. Students with low mathematical creative thinking ability are not
necessarily unable to perform analogical reasoning well. Instead, through analogical reasoning,
their mathematical creative thinking ability will grow. The stages of analogical reasoning help stu-
dents think creatively by enabling them to find analogical forms that they can apply to solve target
problems. Almost all problems in everyday life require creative thinking and analogical reason-
ing processes, but educators have not optimally incorporated them in students’ problem-solving
in learning. Therefore, it is necessary to increase the use of analogies in mathematics learnings.
The limitation of this study lay in the use of questions that were not relevant to everyday life,
whereas the form and level of difficulty of the questions could influence how students answered
the questions. In addition, due to the COVID-19 pandemic, interviews were conducted online,
and therefore, the character of each informant in answering was not revealed to a high degree.
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