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Abstract: Intuitive thinking is one approach that can be done in solving mathematical problems. This study
aims to analyze the process of the emergence of intuitive thinking of high-ability students in solving mathematical
problems related to number patterns in terms of gender. This research is a descriptive study using a qualitative
approach with four class X students with high mathematical abilities, each of two male and female students used as
research subjects. Research data was obtained through written answers and interviews with subjects. Credible data
was obtained through time triangulation and was analyzed by interactive methods. The results show that the
emergence of intuitive thinking in male subjects uses an extension of intuitive thinking flow with a construction
strategy. This extension of thinking involves two components of intuitive thinking, feeling, and intervention. In
contrast, the emergence of intuitive thinking on female subjects uses intuitive thinking with the strategy of guess and
test. Intention thinking flow involves two components of intuitive thinking, feeling and intrinsic. The novelty of our
studies demonstrated that gender differences in students determine the method of solving the problem, especially
more pronounced in the guessing and re-checking stage, involving the intention thinking flow in female and
construction strategy in the male participants.
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1. Introduction

Mathematics is a fundamental part of human
knowledge that informs our decisions in life and is one
of the main foundations of the technological revolution
[1]. Learning mathematics aims to understand the
mathematical concepts and ideas applied in problem-

solving, investigating, reasoning, communication, and
making connections to everyday life [1, 2]. Regarding
the importance of mathematics, the vision of
mathematics learning must develop high-order thinking
abilities, namely mathematical creativity through
problem-solving, social empowerment through
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mathematics that contributes to critical citizenship, and
broader mathematical appreciation.

Mathematical problem solving is one of the most
important components in any mathematics program or
curriculum [3, 4]. It helps students improve and develop
standard abilities to solve real-life problems, develop
critical thinking and reasoning skills, gain a deeper
understanding of concepts, work in groups, work
together, and interact with each other [3]. Successful
mathematical problem solving depends on many factors
and skills with different characteristics. One of the main
difficulties in learning problem solving is that many of
the skills students need to acquire the skill of effective
problem solvers [3]. Skills, well-connected knowledge,
rich schemes, and self-confidence are critical for
becoming successful problem solvers [1, 3].

Mathematical problem solving is a complex
cognitive activity to find solutions using the stock of
mathematical knowledge and experience already
possessed. The problem-solving process can be done
through two approaches, namely rational or intuitive. A
rational approach occurs through formal/analytical step-
by-step such as using formulas and rules of logic. While
the intuitive approach can be described when someone
can solve it directly, spontaneously, quickly, and do not
have regular completion steps, not trying to solve
problems systematically and analytically [5].
Mathematical problem solving is still dominated by the
development of formal analytic thinking. If students stop
before getting the final results in problem-solving, they
cannot continue their work, so students are considered
to fail in solving problems.

Solving problems involves a student's skills and
creativity because, in general, problem-solving
problems cannot be directly resolved through daily or
routine procedures. Polya [6] compiled some procedures
that help to solve mathematical problems. They often
become a research reference relating to problem-
solving: understanding the problem, making plans,
carrying out plans, and re-checking. In addition, Polya
also wrote seven mathematical problem-solving
strategies: making drawings or diagrams, finding
patterns, making tables, systematically paying attention
to all possibilities, guessing and testing, backward work
strategies, and using open sentences [6]. The guess and
test strategy, which means guessing and checking again,
is Polya's strategy that can be used to support the
emergence of intuitive thinking.

Intuitive thinking is identified with spontaneous, fast,
and easy thinking processes based on past experiences,
including knowledge, skills, perceptions, and feelings
[7]. Intuitive thinking is a process of thinking through
feelings different from analytic thinking, where the
explanation of the truth of a statement will always be
proven. Intuitive thinking means explaining the truth of
a statement that emerges subjectively and is accepted
directly without any proof [5] and through feelings and
interventions [8]. Intuitive thinking is a cognitive

process that leads to ideas to solve problems. Intuitive
students answer written and oral problems
spontaneously, without analytical thinking [9]. Intuition
is a decision center where information has been stored
in long-term memory. In its execution, intuition thinking
is done spontaneously in problem-solving[10] and is
very important in learning mathematics [11]. Intuitive
understanding is needed as a bridge of thinking when
someone tries to solve a problem because, with intuition,
students have creative ideas in solving mathematical
problems [8].

Seeing the reality of the importance of intuitive
thinking in learning and problem solving, more
specifically mathematical problem solving, several
studies that examine the characteristics of intuitive
thinking in solving mathematical problems for
secondary school students [8, 12, 13], for students [10,
14] by paying attention to the mathematical abilities and
cognitive styles of research subjects, and the
development of intuitive thinking in mathematics
learning [15]. Besides, intuitive thinking is also studied
to solve physics problems [16].

Based on the results of previous studies, most of the
focus is on the exploration and characterization of
intuitive thinking in problem-solving, not on the
emergence of problem-solving intuitive thinking and has
not been viewed from gender. Research on gender
differences in classroom learning and mathematical
problem solving has been widely studied [17]; gender
(sex) has a significant effect on learning settings and
mathematical problem solving [18, 19]. Therefore, it is
essential to study observing how the role of gender in
using intuitive cognition in solving mathematical
problems. This research will analyze the process of the
emergence of intuition (intuitive thinking) of students in
solving mathematical problems based on gender. The
selection of students with high mathematical abilities is
expected to be a reference in developing intuitive
thinking for students whose abilities are mediocre or
low.

2. Literature Review

2.1. Intuitive Thinking in Solving Mathematical
Problems

The thought process or approach to solving problems
is an intellectual activity classified into an analytic or
intuitive process [20]. Analytic thinking is thinking to
describe, detail, and analyze information used to
understand knowledge using logical reasoning and
mind, not based on guesswork [20]. At the same time,
intuitive thinking is a cognitive process that can produce
hypotheses to develop further knowledge. The
characteristic of intuitive thinking is the process carried
out or occurs subconsciously individual, the
involvement of personal feelings and emotions in it, the
process occurs quickly seems like automatic, and is



holistic or comprehensive and not detailed or partial
[21].

Mathematicians define intuition as a way of
understanding evidence and conceptualizing problems.
At the same time, psychologists state that intuitive
thinking is useful in various domains, including clinical
diagnosis, creativity, decision making, reasoning, and
problem-solving [22]. Problem-solving is a set of
actions to identify the known and asked elements and
combine the knowledge possessed to arrive at the correct
solution [23, 24]. There needs to be staged for problem-
solving activities to run smoothly, namely
understanding the problem, making plans, resolutions,
and re-checking [6]. Many students who are good at
solving math problems often use intelligent ways
beyond expectations and habits to give short and
accurate answers. However, medium and low-ability
students do not do this. That shows the relationship
between mathematical abilities possessed by students
with intuition used by students in solving mathematical
problems.

Regarding problem-solving, intuition is grouped into
affirmatory, conjecture, anticipatory and conclusive
intuition [25]. Affirmatory is intuition to understand
problems while anticipating, planning, and solving
problems. These intuitions must solve problems so that
maximum results will be obtained. Intuitive thinking
processes that can be passed in understanding the
problem are direct cognition (self-evident), intrinsic
certainty, coerciveness, prediction (extrapolativeness),
and overall (globally). [26] explains that intuitive
thinking is a cognitive process through instincts and
perceptions involving global intervention. Instinct is
used in understanding the problem at hand, while
perception, intervention, and global are related to the
overall problem-solving process.

Intuitive thinking in solving mathematical problems
has two parts: intention and extension. The intention is
a spontaneous answer that appears suddenly and is
associated with a guess and test strategy based on feeling
and intrinsic in solving problems. In contrast, extension
is a spontaneous answer that links to previous
knowledge based on feeling and intervention. Feeling
occurs when students guess an answer by looking and
reading the problem. At the same time, intrinsic occurs
when students suddenly answer directly from ideas that
arise in their minds with characteristics that do not need
external supporters, answer directly without knowing
the reason for the answer, and feel confident about what
is done. Feeling happens when students understand a
problem and try to find a solution, while intrinsically
done by students in generating ideas to solve problems
with the help of the strategies used. In addition to feeling
and intrinsic, intuitive thinking also arises because it is
supported by feeling and intervention. In contrast to

intrinsic explanation, the interventions referred to
associating ideas that arise in students' minds with
knowledge that they have previously learned [27].

Based on the above stages of problem-solving, the
components of intuitive thinking in problem-solving that
will be examined in this study are seen from the step of
understanding the problem, planning/strategy, and
problem-solving as formulated through feelings with
intrinsic and intervention.

2.2. Gender and Student Abilities in Mathematics

Gender and academic performance in mathematics
found in the literature have many different views [28].
Gender differs significantly in the perseverance factor
and self-concept towards mathematics. Females tend to
last longer but have lower mathematical self-concepts
than males [29]. Gender differences in mathematics
show that males are dominant in mathematics and
science [17]. However, there are no gender differences
in attitudes to study mathematics [30]. Gender
differences in mathematical abilities are so small that
men and women do the same in math [28]. Male students
were more successful than female students in solving
mathematical problems, but there were no statistically
significant differences [18]. Male students are better
than women in counting, while women are superior to
men in reading, writing, spelling, and grammar [31].

Cognitive ability factors, information processing
speed, and learning styles contribute to gender
differences in mathematical problem-solving. The
influence of gender factors in mathematics is due to
biological differences in the brains of males and females,
that women are generally superior in language and
writing, while men are superior in mathematics because
of their better spatial abilities. The difference between
spatial and verbal abilities also influences women's and
men's strategies. Male tend to be more flexible using
more abstract strategies and retrieval strategies, while
females use manipulative and more concrete strategies.

Many mathematical problems can be solved either by
spatial or verbal approaches or by both; the difference
between spatial and verbal abilities will affect how
students approach mathematical solutions. Therefore, a
hypothetical conclusion can be drawn that males and
females have different patterns (strategies) in problem-
solving. There are differences in the emergence of
intuitive thinking in problem-solving in terms of gender.
Thus, this conceptual framework paper deals with
students' intuitive thinking in understanding problems,
making plans/strategies, and solving problems based on
intrinsic feelings and interventions for male and female
students. This conceptual framework paper is illustrated
in Fig. 1.
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Fig. 1 Conceptual research framework

3. The Research Methods

3.1. Research Design

This research is a descriptive qualitative study with a
qualitative approach, research that describes the process
of the emergence of intuitive thinking in solving
mathematical problems in terms of gender without any
treatment of the subject [32].

3.2. Subjects

Four high school class X students with two men and
two women who have high mathematical abilities and
can communicate well were made the research subject.
Gender differences were chosen because of differences
in biological factors in the brains of people who are male
and female sexually, resulting in someone who is female
gender better in terms of language and writing. In
contrast, a sexed male is better in mathematics and
logical thinking [31]. Choosing subjects with high
mathematical ability is important because intuitive
thinking will appear in students with high mathematical
abilities. While good oral communication because the
solution written by the subject requires direct
confirmation to see how the emergence of intuitive
thinking when the subject is doing mathematical
problem-solving. The selected research subjects
represented each gender, namely two male gender
students, L1 and L2, while two female gender students
were P1 and P2.

3.3. Data Collection

The data in this study are in the form of the
emergence of intuitive thinking of research subjects in
solving problems of mathematical number patterns. The
process of the emergence of the subject's intuitive
thinking is obtained through written answers
(documents) when the subject solves a mathematical
problem, direct observation when the subject resolves
the problem, and records of semi-structured interviews

conducted to dig deeper about the emergence of ideas in
solving the given problem.

The instruments in this study area consisted of the
main instruments and supporting instruments. The main
instrument in this study is the researcher himself. At the
same time, the supporting instruments are a sheet of
problem-solving tests of mathematical numbers,
interview guidelines, and recording tools. The
instrument of problem-solving tests related to number
patterns consists of a single item in the description. Each
problem is expected to bring up the intuitive thought
flow indicator intention and extension thinking flow.
The instrument has been validated by experts who are
competent in mathematics related to the construct and
language of the questions and tested for readability by
high school students. The interview guide is designed
following the stage of problem-solving. It includes
questions about understanding the questions given and
leading to questions that will answer the category of
intuitive thinking flow. The interview is carried out after
the subject has finished writing and is semi-structured.
The interview guidelines used in this study are as
follows: 1) what do you understand about this problem;
2) how did you find this answer; 3) have you ever gotten
a question like this; 4) are you sure about this answer?
A recording device is used to document the interview
activities.

The Head of Research Centre and Community
Service University of Muhammadiyah Malang confirms
the data collection process to comply with all
regulations, and no ethical violation is observed. Data
credibility can be seen from the validity of the data in
the study by using several types of source triangulation
and triangulation methods [33]. Source triangulation is
done by comparing subjects 1 and 2 of each sex.
Triangulation method by comparing the interview data
and the contents of documents on the results of tests of
solving mathematical number patterns.



3.4. Data Analysis

Credible data are analyzed by interactive methods,
namely data reduction, data presentation, and
conclusions [32]. After data reduction, there is a
transcript of interview data. After the subject has solved
the problem of number patterns, there is re-checking the
transcript results by playing back the recording to hear
the answers of the subjects during the interview. There
is also a transcript of the results of documents from the
test of solving the number pattern problem and reducing
the transcript results by selecting and disposing of data
that is not needed. Then it is focused on the main things
relating to indicators of students' intuitive thinking in
solving numbers problem patterns.

Presentation of the data is done in a descriptive
manner intended to dig up the information obtained in-
depth and is described as following the results obtained.
Data is described in the form of information coherently
and clearly so that it is possible to conclude. The next
step is concluding. Conclusions are intended to explain
the data meaning of what has been presented and
adjusted to the research objectives of the emergence of
intuition of male and female students in solving
problems.

4. Results

4.1. The Process of the Emergence of Intuitive
Thinking in Female Subjects

The results of interviews conducted on female
subjects showed that they still had difficulty
understanding the problem when they first read the
questions. Their understanding of the problem occurs
when both subjects read the problem for a second time.
With understanding the problem, spontaneous ideas
arise to solve the problem. Further demonstrating that
female subjects understand the problem and solve it is
when mentioning that to get 15 and 43 must operate
three other numbers, namely 138, 3, and 9, by using two
different number operations, spontaneous answers. The
answer is an idea that appears suddenly and then will be
processed to answer the problems given. The feeling that
occurs with three given numbers and two different
number operations. This feeling appears by not linking
new information obtained with prior knowledge.

The answer written by the female subject is the
correct answer that to get 15 is by way of (138 — 3): 9
and to get 43 is the way (138 — 9): 3. It shows that for
getting the results 15 and 43 of the other three known
numbers, the subject uses two number operations: the
subtraction and division operation of the three given
numbers as in Fig. 2.
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Fig. 2 The process of female subjects solving problems

If seen from the operations and numbers used to get
results 15 and 43, then the method or strategy used by
the subject is to try to arrange the three numbers and
guess the calculated operation used. It is in line with the
interview results, the idea that arises from the subject
that three numbers, namely 3, 9, and 138, will be
operated with two different number operations resulting
in 15 and 43. From the ideas that emerge, then the
subject can do problem-solving. Interview excerpts are
presented below.

Researcher: how do you arrange the three numbers
and determine the two number operations you then use?

Subject: I did it by experimenting with numbers 9, 3,
and 138 and experimenting with several number
operations. | remember that the first try was bigger than
what was asked. Then I tried again until I got 15 and 43
results.

Researcher: When experimenting, do you use prior
knowledge?

Subject: No, I only use what is in the problem.

In solving problems that occur, first, the subject
makes feelings towards three different numbers given
and two different number operations. Furthermore, with
intrinsic assistance, the subject gave rise to obtaining 15
and 43 using the subtraction operation and the division
operation against these three numbers. From the feeling
and intrinsic that happened, the two subjects used the
guess and test strategy to get results 15 and 43. The
guess and test strategy were carried out when the subject
tried to answer the question by guessing and dabbling
with the right number operations for the other three
numbers, thus getting the results 15 and 43. The subject's
problem-solving is a decision that is believed to be
correct and executed correctly through ideas that
suddenly appear in his mind and are not based on prior
knowledge.

Intuitive thinking arises when the subject places
feelings and intrinsic on three numbers 3,9 and 138 with
the corresponding number operations so that the
numbers are sought, (138-3): 9 = 15 and (138-9): 3 = 43.
It shows that for getting 15 and 43, subjects use the
numbers 138, 3, and 9 and use subtraction and division.
So the subject's thought process in problem-solving can
be called intended intuitive thinking. Overall, the
emergence of intuitive thinking from the subject is
shown in Fig. 3.
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Fig. 3 Emergence of female intuitive thinking from the subject

4.2 The Process of the Emergence of Intuitive
Thinking in Male Subjects

The results of interviews related to the process of
male subjects in understanding the problem showed that
the subjects obtained can immediately understand the
problem after reading the questions by thinking about
obtaining results 15 and 43, which must use three other
numbers with two arithmetic operations. For getting this
result, the subject thinks first and takes the largest
number, 138. It means that intuition and feeling occur
when selecting the largest number happens,
understanding this problem as an idea that arises
spontaneously to determine the answer to the problem.

The answer written by male subjects and women is
the correct answer, in which to get 15 is by way of (138
- 3): 9 and to get 43 is by the way (138 - 9): 3. It shows
that to get the results 15 and 43 of the other three known
numbers and use two number operations, the subtraction
and division operation for the three numbers given is
following the subject's understanding and interview. The
subject's written answers are presented in Fig. 4.

Penyelesaian:
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Fig. 4 The process of problem-solving by male subjects

Interview quotes relating to the problem-solving
process are presented as follows.

Researcher: How do you arrange these three
numbers and determine what number operations to use
to get the results in question?

Subject: | first thought | had to take the largest
number, 138

Researcher: Why 138?

Subject: Because 138 minus 3 results as 135, and 135
divided by 9 is 15

Researcher: How do you get 43?

Subject: That means the opposite of 15. Because the
numbers and operations used are the same. But the
numbers just need to be arranged again to produce 43

In the problem-solving process, the subject first
makes a feeling of a completed number that is 138.
Then, by using prior knowledge about the operation of
the subject numbers using a construction strategy to
produce the desired answer by performing a count
reduction operation (division) of 138 numbers followed
by division operations (reduction) so that results in 15
and 43 are obtained. The subject's problem-solving is a
decision that is believed to be right and executed
correctly through ideas that suddenly appear in his mind
and are based on prior knowledge.

Intuitive thinking arises when subjects place feelings
and interventions on numbers by the corresponding
number operations involving numbers 138, 3, and 9 so
that they get the number sought, (138 - 3): 9 = 15 and
(138 - 9): 3 = 43. So the subject's thought process in
problem-solving can be called an intuitive thinking



extension. Overall, the emergence of intuitive thinking
from the subject is shown in Fig. 5.
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Fig. 5 Emergence of male intuitive thinking from the subject

5. Discussion

The problem-solving process carried out by male
subjects uses an intuitive thinking flow extension with
components supporting feelings and interventions and
construction strategies. The feeling means the
emergence of ideas in students' minds to solve existing
problems and decide to produce spontaneous answers
[34, 35]. While intervention is an attempt by students to
associate ideas that arise in their minds with the
knowledge they have previously learned related to
selecting two arithmetical operations. The process of
intervention that links the problem with already
possessed knowledge starts when the subject
understands the problem resulting in building a
construction strategy in problem-solving. The subject's
response to such problems involves instinct, a
component of intuitive thinking.

The emergence process of intuitive thinking is a male
subject when understanding problems start when it
spontaneously compiles numbers other than 15 and 43
using two number operations. In this context, the subject
performs relations between given numbers to answer the
problem called intuition affirmation [25]. Developing a
problem-solving strategy with a construction strategy
starts with intuitive thinking when the subject
spontaneously (feeling) focuses on the largest number,
called intuition conjecture [25]. Based on his
knowledge, the subject chooses several arithmetic
operations at the largest number to get the solution to the
problem. When the subject develops a strategy and
solves the problem, he relates it to the intervention
component. When a male subject spontaneously uses
several arithmetic operations in the greatest number, his
intuition emerges as an awareness that is accepted as a
feeling without further checking and verification
because empirical data and prior knowledge support it.



Baiduri et al. The Intuitive Thinking Process of High Ability Students in Mathematical Problem Solving, 49 No. 2 February 2022

8

That is the one by [25] as self-evident and
extrapolativeness in intuitive thinking, so the subject
tends to reject alternative interpretations that contradict
his intuition (coerciveness). The problem-solving
process produced by female subjects begins with
understanding the problem, choosing a strategy, and
implementing the problem-solving. When
understanding a problem, the subject is only based on
the information given to the problem and, by reading it
repeatedly, does not relate to previous experience. In
understanding the problem, female subjects immediately
used the feeling of three other numbers other than those
asked. Furthermore, spontaneously the female subject
dabbled in several arithmetic operations to get the
desired answer. It means that an idea that comes to mind
suddenly as a strategy for making a decision produces
spontaneous answers in solving intrinsic problems. In
solving problems, female subjects do not use a particular
process such as linking with prior knowledge,
illustrating, or making diagrams. Thus, the subject
follows intuitive thinking with two supporting
components: the feeling and intrinsic components and
the guess and test strategy. Understanding the subject
matter of women was obtained shortly after reading the
questions. That means the subject understands the
problem using accepted direct cognition without further
checking and proof of the problem at hand. Such thought
processes are referred to as intuitive self-evident [36].
Furthermore, understanding the subject matter does not
use the external support needed to obtain an immediate
certainty, both formally and empirically. Intuitive
thinking is called an intrinsic certainty component [13,
36]. Furthermore, if associated with opinions, there is an
instinctual component that means understanding the
problem with the emergence of response in thinking of
the problem being faced. The similarities occurring on
men and women when making plans and solving
problems based on the explanation above can be related
to opinions of [25] that the anticipatory component is the
resolution of the problem contrary to the allegations in
general. It means that students claim an unusual
statement, method, or procedure, and the claim feels
right. Meanwhile, suppose it is associated with the
opinion of [19]. In that case, the method used by male
and female subjects is included in the perception and
global components because students perceive the
solution to the answers generated and then resolve to
obtain results. At the same time, the difference between
males and females lies in subjects’ strategy in
understanding and solving the problem of number forms
[17].

6. Conclusion

6.1. Scope of Results

Based on the data gathered and the findings of this
study, it demonstrates how students' intuitive thinking
emerges when solving problems. The emergence of

intuitive thinking on male subjects begins when
understanding the problem using intuition of relational
affirmation followed by building a construction strategy
to solve the problem as a result of feeling and
intervention. Such thought processes are referred to as
intuitive thought flow extension. While the subject of
women uses self-evident intuition to understand the
problem, the confidence obtained from the problem is
provided by the strategy of guessing and testing due to
feeling and intrinsic. The process of thinking in solving
problems like this uses the intuitive thinking flow of
intention.

6.2 Novelty and Limitation

The novelty in our study revealed that intuitive
thinking in Poya's stage of guessing and re-checking
occurred, where the gender factor characterizes the
difference of intuitive thinking nature. We observed that
the intention thinking according to feeling and intrinsic
in intuitive thinking was more pronounced in females
while solving the problem. On the contrary, the
construction strategy was carried out in male students
through feeling and intervention. These differences
should be further elaborated using an inter-disciplinary
approach to explain the phenomenon. Further research
may employ the factor of patriarchy dominance as a
social construct that supports the idea and how its
development in Indonesia fast-changing society, thus
making the differences trait of intuitive thinking and
problem solving between male and female students in
Indonesia.

The study conducted in this article has identified in a
practical sense the cultural values of the education
system in Indonesia, which appears to have broader
challenges, which affect many aspects, including the
mathematic ability between gender differences.
Notably, one interaction/lecturing is still the most
accepted method in the day-to-day basis of teaching,
where the student is a passive-received participant in the
class setting. Thus, the prior intelligence profile and
student experiences were determined the intuitive
thinking process between gender in Indonesia.

This research is limited to examining the emergence
of intuitive thinking in solving the problem of number
patterns with highly capable subjects viewed from
gender. Therefore, further research is still on intuitive
thinking with various subject characteristics, such as
moderate or low ability, learning style, and cognitive
style with problems other than number patterns. Since
problem-solving can use analytic and intuitive thinking,
mathematics teachers should allow students to use their
intuitive thinking to solve mathematical problems. Thus,
they are not always focused on solving problems by
analytic thinking alone. One way that teachers can use is
to train students by giving practice questions that can
lead to intuitive thinking.
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