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Abstract

Inductive thinking is a method of thinking that involves recognizing patterns, understanding relationships, and
deconstructing general rules. This method of thinking develops through a variety of factors that support complex
problem solving. Using mathematical problems that describe the inductive thinking process within the context of
number problems helps investigate students' inductive thinking process. This study, employing a qualitative
descriptive research approach, seeks to develop a novel classification framework for students' inductive thinking
in the context of mathematical problem solving. The study was conducted in a structured manner on 21 students
enrolled in the Department of Mathematics during their fith semester at a university in Indonesia using number
sequence as the problem material. The collection of data was executed through the administration of tests and
the observations of problem-solving behaviors. The analysis was conducted using constant comparative
procedures (CCP). The instruments used in this study included mathematical problems and recording devices.
The findings of this study are presented in the form of three different classifications of inductive thinking: the use
of variables, the use of visual, and the use of formulae. The study offers significant theoretical insights for future
research and practical implications for the implementation of inductive thinking in improving mathematical
problem-solving.
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Mathematics is a vital part of daily life, affecting various aspects of personal and professional
development. Mathematics is also essential for problem solving, critical thinking, and effective
communication (Khan & Salman, 2020). Fields such as natural sciences, engineering, economics, and
the arts all make use of mathematics (Schiemer, 2019). Mathematics is a fundamental field of study with
applications in various fields including weather forecasting, banking, technology, and research (Khan &
Salman, 2020; Rani et al., 2023). The importance of mathematics is evident in its role in scientific
advancement, as advancements in mathematics often precede significant discoveries in the field of
science (Rani et al., 2023). Despite the perceived difficulties, mathematics is indispensable for progress
in the modern world (Barete & Taja-on, 2024). By understanding the real-life use of mathematics, students
can better appreciate the relevance and importance of mathematics in their education and future careers
(Tan, 2023; Vos et al., 2024). The Realistic Mathematics Education (RME) approach is generally
considered an effective method for achieving this objective (Sutarni et al., 2024).

Mathematics, in addition to its practical role in everyday life, involves a cognitive process that helps
students understand and solve complex problems with a more structured approach. Thinking is an
important component of solving mathematical problems (Kholid, Sa'dijah et al., 2022; Sa'dijah et al.,
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2020). Mathematical thinking is defined as a creative process involving making predictions, induction,
interpretation, description, abstraction, and reasoning (Adawiyah et al., 2017; Kasmer & Kim, 2011). This
process helps students understand complex structures and solve problems effectively. Mason's cognitive
framework subdivides the stages of thinking into three phases: input, impact, and evaluation. These
phases can be applied to the solution of trigonometric equations (Adawiyah et al., 2017). The concept of
mathematical thinking, as it is currently understood, originated from the book "Thinking Mathematically"
in 1982, a seminal work by Mason, Burton, and Stacey. This book introduced the concept of mathematical
thinking as a dual process, comprising two pairs of complementary activities: specialization and
generalization, and conjecture and convincing (Delima et al., 2018). Nevertheless, the conceptualization
of mathematical thinking has evolved over time. In the domain of mathematics education, the focus is on
the outcome and on the process (Kapur, 2014). The process helps students understand complex
structures and solve problems effectively (Sachdeva & Eggen, 2021; Supandi et al., 2019). One
mathematical thinking that can be used in problem solving is inductive thinking, which is a process of
deriving conclusions from specific observations to establish general principles (Vo & Csapo, 2022).

Inductive thinking, which falls into the category of mathematical thinking, plays an important role in
strengthening students' conceptual understanding and problem-solving skills (Sanjaya et al., 2018), as
well as in cognitive development and educational success. The Taba Inductive Thinking Model has
demonstrated effectiveness in improving academic achievement in science and cultivating creative
thinking skills, including originality, fluency, and flexibility, especially among high school students (Kauts
et al.,, 2020). In the context of mathematics education, the implementation of inductive-deductive
approach helps to foster reasoning skills and conceptual comprehension. Specifically, inductive thinking
helps to discern general patterns, while deductive thinking improves mathematical proofing and reasoning
skills (Rahmah, 2017). Inductive thinking involves the recognition of patterns, the understanding of
relationships, and the deconstruction of general rules, which develop through various factors that support
complex problem solving, as evidenced by the Raven Progressive Matrix test (Perret, 2015).

Several studies have yielded equivocal results regarding the effectiveness of inductive-deductive
approaches in mathematical problem solving. While one study did not find significant improvements in
mathematical comprehension or problem-solving skills using an inductive-deductive approach (Rahmah,
2017), the other found better problem-solving skills and confidence among students taught with this
approach than conventional learning (Wright, 1977). A study identified three main areas of inductive
thinking: data collection, pattern discovery, and hypothesis generation. Pattern discovery is of particular
importance in successful problem solving (Haverty et al., 2000). An analysis of students' mathematical
thinking types revealed that deductive and inductive thinking is used in problem-solving tasks. Some
students demonstrated proficiency in inductive thinking while others struggled to fully apply it (Miswanto
et al., 2019). Therefore, while the effectiveness of the inductive-deductive approach in enhancing
mathematical problem-solving remains inconclusive, the critical role of elements such as pattern
discovery in inductive thinking suggests that the success of this method largely depends on how well
these components are integrated into the learning process.

Mathematical problem solving involves complex cognitive processes and reasoning abilities.
Research has shown that students tend to rely on inductive thinking more often than deductive thinking
when confronted with mathematical problem-solving tasks (Miswanto et al., 2019; Sanjaya et al., 2018).
This inclination toward inductive thinking is attributed to its capacity to facilitate the transition from specific
examples to more general concepts (Miswanto et al., 2019). It is also considered to be advantageous for
students who demonstrate an aptitude for working with concrete examples to understand abstract
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concepts. When applied appropriately, inductive thinking has the potential to lead to more efficient
mathematical problem solving and improve intelligence. A study suggests that training in inductive
reasoning can enhance fluid intelligence and academic performance (Klauer et al., 2002). Additionally,
the process of conceptual thinking in mathematical problem solving involves important stages, including
the description of problems, the association of concepts, the determination of key concepts, and the
formulation of solutions (Hamda, 2018).

The importance of fostering inductive thinking through structured strategies and conceptual
thinking lies in their capacity to establish a foundation for profound mathematical understanding and
enhanced problem-solving effectiveness. The process of inductively solving mathematical problems
involves collecting data, discovering patterns, and creating hypotheses (Haverty et al., 2000). A strategy
commonly used in this context is known as "Pursuit", wherein students engage in the creation of new
quantities, the detection of patterns, and the subsequent expression of these patterns in terms of
variables (Haverty et al., 2000). To improve problem-solving skills, a conceptual thinking approach has
been proposed. This approach involves a series of steps: problem description, concept association, key
concept definition, and solution formulation (Hamda, 2018). In addition, there have been suggestions of
didactic strategies that focus on developing students' inductive thinking skills to improve their problem-
solving abilities in mathematics.

A comprehensive review of extant studies related to inductive thinking reveals three predominant
focuses. The focuses are as follows: (1) the application of inductive thinking methods in mathematics
learning; (2) the stages (indicators) of inductive thinking in solving mathematical problems; and (3) a
comparison between inductive thinking and other approaches.

A body of research has been conducted on the application of inductive thinking methods in
mathematics learning, and the following findings have been reported. The reflective learning model has
been demonstrated to improve students’ mathematical inductive thinking, surpassing the effectiveness
of conventional learning (Kurniawati et al., 2021). The integration of mathematical inductive thinking in
teaching has been shown to facilitate students' active construction of knowledge, thereby improving their
thinking and problem-solving skills (Li et al., 2022). However, the use of inductive-deductive approaches
in mathematics education has not been observed to result in significant improvements in comprehension
or problem-solving skills among junior high school students (Rahmah, 2017).

Several studies have been conducted on the stages (indicators) of inductive thinking in
mathematics learning. These include a study by Moguel et al. (2020) that reported six stages of inductive
thinking in teachers who solve generalization problems and emphasized the importance of associating
regularity with mathematical structure. Another study was conducted by Helviyana et al. (2020). The study
identified stages of inductive thinking in students’ mathematical thinking during an inquiry learning model,
which are: perception of an inquiry learning model, perception of generality, expression of generality, and
manipulation of generality. In the study by Haverty et al. (2000), three fundamental areas of inductive
activity were identified: data collection, pattern discovery, and hypothesis generation. The role of pattern
discovery was found to be significant.

A number of studies that compared inductive thinking with other approaches yielded the following
findings: (1) Inductive approaches are more effective than deductive approaches in teaching EFL
grammar to high school students (Benitez-Correa et al., 2019); (2) Inductive teaching methods are
generally more effective than traditional deductive methods in achieving a variety of learning outcomes
(Prince & Felder, 2006); and (3) The deductive approach is more effective than the inductive approach
in improving students' conceptual understanding, while the inductive approach is more effective for theory
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(Wardani et al., 2020). Following a review of studies related to inductive thinking, the topics identified for
further research were categorized into three classifications: (1) the application of inductive thinking to
solve mathematical problems; (2) the integration of collaborative learning to improve inductive thinking;
and (3) the development of STEAM-based learning media to promote inductive thinking.

The present study focuses on the classification of students' inductive thinking in the context of
solving mathematical problems. The results of the study are expected to provide an overview of the
classification of students' inductive thinking based on indicators of inductive thinking in the context of
mathematical problem solving. These results can be used as a guide to assess the extent of students'
inductive thinking in solving mathematical problems. Moreover, the present study can serve as a
foundational framework for further research endeavours that focused on the improvement of students'
inductive thinking, thereby underscoring its significance.

The objective of this study is to examine the manner in which students employ inductive thinking
to solve mathematical problems. The goal is to categorize students' inductive thinking when confronted
with mathematical problems. As Rahmah (2017) stated, the application of inductive thinking can facilitate
the development of mathematical problem-solving skills.

METHODS

Research Design

Given the purpose of the present study, which is to describe the classification of inductive thinking in
mathematical problem solving, and in consideration of the qualitative nature of the data, a qualitative
method and a descriptive approach were employed. Qualitative research is a systematic approach to
understanding human experiences, behaviours, and beliefs that cannot be easily measured (Awasthy,
2019; Mistry, 2012). Descriptive qualitative research is an approach that aims to systematically describe
current conditions by providing detailed explanations and portrayals of the phenomenon under study,
without testing hypotheses or seeking causal relationships (Creswell, 2012). This approach is particularly
valuable for gaining an in-depth understanding of current conditions, perceptions, or practices, and often
serves as a foundation for subsequent stages of research.

Participants

The subjects of this study were 21 fifth-semester students from the Department of Mathematics at a
university in Indonesia. These students were selected using the purposive sampling method because the
results of their problem-solving supported the research objectives (Kholid, Swastika et al., 2022).
Participants were selected based on their willingness to volunteer in this study and their ability to work
on mathematical problem solving by implementing think-aloud and to use inductive thinking to solve
problems. Students who did not engage in inductive thinking, students who engaged in inductive thinking
but could not implement think-aloud, and students who were not willing to participate as research subjects
were not selected as research participants. Of the 21 students, only 10 employed inductive thinking
systematically in their problem-solving process. Through comprehensive analysis, three distinct
classifications of inductive thinking were identified, with their distribution detailed in Table 1. In the Results
and Discussion section, one subject representative from each classification is presented. These subjects
were selected based on the strength and clarity with which they exhibited the defining features of inductive
thinking within their respective group.
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Table 1. Distribution of participants

Classification Inductive Thinking Number

Classification 1 3
Classification 2 5
Classification 3 2

Sum 10

Instruments

The main instruments employed in qualitative research are researchers, who plan and execute data
collection, analyse results, formulate conclusions, and compose reports (Kholid, Sa'dijah et al., 2022).
The present study incorporated additional instruments, including mathematical problems and audio-visual
recording devices. Prior to its utilization for data collection, the test instrument underwent a validation
process. The validation process was carried out by a qualitative research expert in mathematics
education and an expert in inductive mathematics problem solving. The suggestions provided by the
validators included adjustments to the dictions to enhance the test's manageability for students, and
improvements to the image quality to render it more straightforward and engaging. The participants were
not provided with any specific instructions to ensure that the data obtained were natural. Figure 1 shows
an example of a question used to classify students' inductive thinking.

Determine the general
formula for the following
number sequence:

2,5,10,17.26, ...

Figure 1. The written test question

Data Collection Procedure

The data collection procedure began with the formulation of a test containing mathematical problems
designed to elicit students' use of inductive thinking. The selection of questions was informed by
indicators of inductive thinking, such as pattern identification, generalization, and hypothesis formulation.
Subsequently, the subjects of the study were instructed to solve the problem using the think-aloud
method. This entailed the subjects verbally reporting their thought process during the problem-solving
process, thereby allowing for the acquisition of first-hand data concerning students' problem-solving
cognitive strategies.

The entire think-aloud process was recorded using audiovisual devices to allow for more thorough
observation and ensure the accuracy of the subsequent data analysis. The students' answer sheets were
collected to examine their final results and finishing steps, which were then compared to the thought
processes revealed from the think-aloud sessions.

A data analysis was conducted by examining answer sheets and audio-visual recordings to identify
inductive thinking classification patterns and to evaluate the strategies used by students. The results of
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the analysis were used to categorize the students' inductive thinking and to determine the stages that
often arise and the level of use of inductive strategies in solving mathematical problems. The findings of
the study were subsequently compiled into a report, which included a detailed classification of students'
inductive thinking abilities and recommendations for teaching strategies designated to improve these
abilities.

Data Analysis

The data were collected and subsequently categorized, and indicators of inductive thinking were
employed to facilitate the classification process. Hewitt-Taylor (2001) and Jobes et al. (1997) described
this procedure as a constant comparative procedure (CCP). In qualitative research, CCP is an inductive
data analysis method used to generalize and classify data into specific categories to develop new
theories.

In this study, CCP was applied by processing original data derived from think-aloud session
transcripts and student answer sheets. The data were collected from various subjects through two data
collection techniques. During the analysis process, the indicators of inductive thinking that appeared in
each data set were compared to the categories that had been created. New data were continually
compared with existing categories to identify patterns, similarities, and differences. This process yielded
evidence that lends support to the classification of students' inductive thinking and helped eliminate
redundant data.

The present study aims to classify students' inductive thinking in the context of mathematical
problem-solving. The results of the CCP analysis enabled the development of a classification of inductive
thinking in mathematical problem solving. This classification includes a variety of indicators such as
pattern identification, generalization, and hypothesis formulation. Figure 2 shows the CCP used in this
study.

Classification of e  Variable use
» | inductive thinking in e  Visual
¥ | mathematical problem e Formula use
solving
Stages of inductive e Data collection
s thinking e  Pattern discovery
v e  Making
hypothesis
Raw data e Answer sheets
.| ®  Think aloud
A transcripts
B
Notes:
- : Consist of

: Constant comparative

Figure 2. Implementation of CCP in data analysis
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RESULTS AND DISCUSSION

The data analysis yielded three classifications of students' inductive thinking in the context of solving
mathematical problems. Subject 1 exemplified a student who employed inductive thinking by using
variables. Subject 2 exemplified a student who used visual inductive thinking. Finally, Subject 3
exemplified a student who utilized inductive thinking through the application of formulae.

Classification I: Variable Use

The first step taken by Subject 1 was to analyze the differences of each expression in order. Upon
determining that the number sequence was a multi-level sequence of numbers, Subject 1 elected to use
second-degree polynomial regression to solve the problem, thereby ascertaining the general formula of
the number sequence. Subject 1 applied the first, second, and third terms to the general formula of
second-degree polynomials, i.e., U, = an?® + bn + c¢. From U, = 2, it can be deduced that a + b +
¢ = 2. Subsequent to this, with U, = 5, it can be established that 4a + 2b + ¢ = 5. Furthermore,
from U; = 10, it can be concluded that 9a + 3b + ¢ = 10. Consequently, Subject 1 derived the
system of equations (1) a+ b +c=2,(2) 4a+ 2b+c =5, and (3) 9a + 3b + ¢ = 10. In this
step, Subject 1 gathered the information needed to solve the problem, as shown in Figure 3.

Original Version: Translated Version:
[Ug =2  beda Us-Uy = 5-2 Usa=5 beda Us-Ua =5 U, =2 differencelU, —U; =5—2=3
lux=9 = Wp=10 U, =5 differenceUs — U, =10—-5=5
garisan Kuadrat —> Un = an* + bn+¢ Us =10
<M= (fuku pertama Up=2) Quadratic sequence = U, = an® +bn+c
auy*+ bl) +¢ = 2 - n =1 (first expression U; = 2)
a4+ b+Co=2...1) a(D?+b(D) +c=2
.n=a (Suku Kedua Uz =5 ) a+b+c = 25 (1)
AY*+b(R)+C =5 - n = 2 (second expression U, = 5)
04 + bx + C =5 a(2)?+bR)+c=5
Ho 4 3b + € =500 a-4+b-2+c =5
-N=3 (suku Kefiga Uz =10) 4a+2b+c =5..(2)
a(mn*+v() +C =10 - n = 3 (third expression Uz = 10)
a9 + 8y +c =1p a(3)®+b(3)+c=10
% £ +c =10....00) a-9+b-3+c =10
dperoleh persamaan 1 a 4 b + ¢ = 2 9a+3b+c  =10..(3)
Obtained a system of equations:
a Ya+abs C2D () a+b+c=2
2) 4a+2b+c=5
39a £ %tc v (3) 9a+3b+c=10

Figure 3. Answer sheet of Subject 1

In the next step, Subject 1 eliminated equations (1) and (2) so that b = 3 — 3a. Furthermore,
Subject 1 substituted b = 3 — 3a into equation (3), resulting in ¢ = 1. After obtaining the value, Subject
1 substituted ¢ = 1 and b = 3 — 3a into equation (1) and obtained a = 1. With a = 1, Subject 1
obtained b through substitution of a = 1 to b = 3 — 3a. This was followed by Subject 1 obtaining b =
0. Therefore, the final outcome for Subject 1 was a = 1, b = 0, and ¢ = 1, as presented in Figure 4.
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Original Version:

Persamaan (1) dan (11)
Ya + 2b+ C=5
a+b+C=a

3a +b =

substitusi b=%-%a ke persamaan 3

9 +%b +C =10

9a + %(%-%2) 4+ ¢ =10

90 +9-9a +¢ =10

9% -9a+94¢ =1p
C =10-9
C =1

Subshitusi ¢ ke persamaan 1

a+ b +¢ =9

qa +(%2-%20)+4 = 2

Q+%-% +1 =2

a-3a+%+1 =2
-%a + Y4 =
2 =Y
-2 = -2
Substitus a =1 ke =%-2%a
b =%-3%a
b =3 -3
b =%-%

Translated Version:
Equation (1) and (2)
4a+2b+c=5

a+b+c =2

3a+b =3

b =3—3a
Substitute b = 3 — 3a into equation (3)
9a+3b+c =10

9a+3(3—-3a)+c=10
9a+9—-9a+c =10

9a—=9a+9+4+¢ =10
c =10-9
c =1

Substitute b = 3 — 3a and ¢ = 1 into equation (1)
a+b+c =2
a+(B3-3a)+1=2
a+3—-3a+1 =2
a—3a+3+1 =2

—2a+4 =2
—2a =2—-4
—2a =-2
a =1
Substitutea = 1 into b = 3 — 3a
b=3-3a
b=3-3(1)
b=3-3

b=10

90di didapatkan a =1 ,b=0,c=1

So,itobtaineda =1,b=0,andc =1

Figure 4. Answer sheet of Subject 1

After obtaining the values of a, b, and ¢, Subject 1 proceeded to determine the general formula of
the sequence of numbers by substituting a = 1, b = 0, and ¢ = 1 into the general formula of the
second-degree polynomial, U,, = an? + bn + c. This substitution resulted in the following general
formula being derived from the number sequence 2,5,10,17,26, ... U, = n? + 1. At this stage,
Subject 1 drew conclusions using the information that had been obtained. This indicated that Subject 1
used an inductive thinking approach, whereby the subject collected a certain set of specific information
and subsequently used it to draw possible conclusions. Then, subject 1 verified the accuracy of the
formula by substitutingn = 1, 2, 3, .... This yielded U; = 2, U, = 5, and U; = 10, thereby confirming
the accuracy of the general formula U,, = n? + 1 for the sequence of numbers 2,5, 10,17, 26, ..., as
illustrated in Figure 5.

It was observed that Subject 1 used a variable to identify relationships between terms and
determine the general formula for the sequence of numbers. Subject 1 derived a conclusion or general
formula from the number sequence through information or data obtained using variables, namely the use
of second-degree polynomial regression. The data obtained were in the form of a system of equations
that were substituted and eliminated. The aforementioned steps demonstrate that Subject 1 used an
inductive thinking method, predominantly involving variables in mathematical problems.
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Original Version: Translated Version:
Didapatkan rumus umum The general formula for the number sequence
dr bansan 2,5,10,17, 26,.... 2 510.17. 26. .. i
adalah »9, 1V, , 40, ... 18 =

Proof:
— 12
Pembuktian - = = At
IR =1+1
=1+ =2
2 - Up=22+1
L =4+1
= 4 o+ —s
.5 =
Uy = 341 = U3=3 +1
=9 +1 =9+1
=10 =10
dst. etc.

Figure 5. Answer sheet of Subject 1

Classification Il: Visual Use

In order to solve the presented problem, Subject 2 employed a visual representation of the problem to
obtain pertinent information. The sequence of numbers 2, 5,10, 17, 26, ... was represented as a series
of dots arranged in a pattern. This method facilitated the acquisition of information regarding each
expression by Subject 2. It was observed by Subject 2 that the sequence of numbers can form a particular
pattern in the formation of the dots. Then, Subject 2 identified the pattern and obtained that U; = 1% +
1=2U,=224+1=5,U;=33+1=10,U, =4+ 1=17,andUs = 52 + 1 = 26.From
this identification, Subject 2 arrived at the conclusion that the sequence of numbers 2, 5,10,17, 26, ...
should be expressed as U,, = n? + 1, as shown in Figure 6.

Original Version: Translated Version:
3 it T (I
% a0 . v o o000 o °
2 U R e00 o000
4 0 ot oo oo oooe
. 00 000 0000 00000
Gy =2 U= Us=10 Us=17 Uy =26
>
e w sl
> ( X}
Uy = 1241
) 2741 =V
4 =i o0
o oo
U, = 2241
_ oo
g oo
ol o000
. R
5 U= 3*+1
I eo00
v Euy 50 eses
e Y=l = Yy eoo0e
— T
2 )
Yy U= 4°+1
00000
N 0 b ee000
cuone = 00000
cese 265528, eo000
vor 0 o0000O
g* = B52+1
So, it can be conclude that the general formula for the number
L 40ROy QISWPOROn  FUNG =p> > A g
. AP a derey biohgan Un=n"+ ! sequence is U, =n? + 1

Figure 6. Answer sheet of Subject 2
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The problem-completion steps taken by Subject 2 demonstrate that the subject employed inductive
thinking, which is the process of formulating conclusions based on specific information observed. The
subject's attempt to obtain information through visual representation and subsequent conclusions
regarding the specific information obtained were demonstrated. Subject 2 used visual representations in
the form of dots to facilitate problem solving and stimulate inductive thinking during the problem-solving
process. Subject 2 derived great benefit from the implementation of visual representation, a strategy that
facilitated the identification of a solution to the problem presented.

Classification Ill: Formula Use

The first step in solving the problem presented by Subject 3 was to analyze the differences between
consecutive terms. This step was an effort made by Subject 3 to obtain information to solve the problem.
It was found by Subject 3 that the difference between the expressions forms an arithmetic sequence:
3,5,7,9,.... The sequence has a general pattern, with d,, = 2n + 1. With this information, the next
step taken by subject 3 was to deduce the general formula for the sequence of numbers
2,5,10,17, 26, .... This was achieved by summing the 1st quarter of the number line with the number
of rows of difference from 1 ton — 1, or U,, = U; + Y.?=1 dk. In this process, Subject 3 demonstrated
an application of an inductive thinking method by formulating conclusions from the information obtained
to solve the problem. Upon determining that U; = 2 and d;, = 2k + 1, through the simplification of the
formula, Subject 3 arrived at the general formula for the number sequence, U,, = n? + 1, as shown in
the Figure 7.

Original Version: Translated Version:
Saisih Finding the difference between consecutive tribes
Uy vy = §-23 Uy—U =5-2=3

U;—U,=10-5=

LUy = = \0-S =%
3 -t U, =Us=17=10'=7

i g AR Us—U,=26=17=9

Yg -Wy=26-17=9 Differences form arithmetic sequences with common patterns:
¥ eoa dpzan+\ d, =2n+1
-\ n-1
un FU Y S Ak u,l=u,+de
¥z k=1

et By 2 ok =N KnownU; =2 andd, = 2k + 1
WOz 23X 2 (apn) n-1
[

e . Uy =2+ ) @k+1)
un:14(€ ”‘21\ k=1

J n—1 n—1
o < x ":2+<sz+21>

u"""(:iv I =1 K=

A ¥ "Z

<

<
]
N
+

Y T
N
o
+

n
Un =24 (2 ((0-N0 i ) k=1 k
5 Q ("T_\‘(‘H\ <((n—1)l> )
U,=2+(2 +(n-1)
un T2 X (mrn 0 % (0'\\3
Up=2+((n=Dn+@n-1))
U,=2+m*—n+n-1)
. Up=2+m2-1)
up 0¥\ U,=n*+1
Vo0 AN So, the general formula of the sequences is U, = n? + 1
e

ag a8 (0*-a x01)
ez T (07“\

cumuy BN deet BAGRan A0y

Figure 7. Answer sheet of Subject 3

The problem was solved by Subject 3 through the collection of pertinent information by
implementing the formula d,, = 2n + 1 as a general pattern of divergence for arithmetic sequences.
Subsequently, Subject 3 used the information obtained to formulate a potential conclusion aimed at
solving the problem through the application of a simplified formula. Therefore, Subject 3 was regarded
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as demonstrating an inductive thinking process, whereby general conclusions were derived from specific
data or information through the implementation of mathematical formulae.

Discussion

According to the results of the analysis, students in the Department of Mathematics in their fifth semester
exhibited a tendency to use all stages of inductive thinking, although not all stages were fully actualized.
Of the 21 students, only 10 applied inductive thinking to solve problems (Belcastro, 1966; Rizzuto, 1970).
In the context of mathematical problem solving, students often have difficulty understanding the intended
purpose of the problem, which impedes their ability to effectively utilize their prior experiences and
conceptual ideas (Kholid et al., 2020; 2021). Despite the assertion that inductive thinking is more effective
than other approaches, the reality is that students in the Department of Mathematics have a low level of
inductive thinking. Some students have been observed making incorrect generalizations or hastily
formulating generalizations without sufficient observation (Téth et al., 2021). This finding suggests a lack
of skills in developing and validating patterns more systematically. Students often encounter patterns that
are either irrelevant or incorrect, especially when mathematical problems have some potential patterns.
This underscores the need for teaching strategies to help students recognize patterns more precisely.

A more innovative learning approach is necessary to improve students' inductive thinking.
Technology-based approaches, such as interactive software, have demonstrated effectiveness in
assisting students in accurately identifying patterns and systematically validating generalizations (Kholid,
Putri et al., 2022). Other innovative approaches, such as the portfolio-based think-pair-share (TPS)
strategy, have also been shown to improve students' inductive thinking and mathematics learning
outcomes by fostering a collaborative and active learning environment (Kholid et al., 2019). The
integration of metacognitive strategies, encompassing planning, monitoring, and evaluation, has been
demonstrated to enhance students' comprehension of problems and cultivate systematic and consistent
solution strategies (Masduki et al., 2020). This approach aligns with the importance of integrating teaching
methods that promote the development of critical and analytical thinking skills in the context of
mathematics learning (Sa'dijah et al., 2020). The present study found that students employed inductive
thinking methods to solve mathematical problems. These methods include identifying patterns or
information, generalizing or drawing conclusions from patterns found, and proving formula (Haverty et
al., 2000).

Students are expected to identify patterns and formulate solutions to problems. The present study
has yielded that allow for the classification of inductive thinking in mathematical problem solving into three
classifications. The first classification, designated as the use of variables, involves the use of variables to
facilitate the collection of information, thereby enabling problem solving. In the context of mathematical
problem solving, the use of variables is important, as it has been demonstrated to improve understanding
and efficiency. These variables function as placeholders, facilitating the understanding and manipulation
of algebraic expressions (Moss et al., 2019). The use of variables in lieu of numbers during problem-
solving processes has been shown to influence the efficiency of a given strategy, especially among
students with advanced algebraic competencies (Chan et al. 2022). Substitution, the primary method
involving variables, is effective when simplifying expressions and exploiting symmetry or special
properties in equations (Lingefjard, 2023). However, the effectiveness of this approach depends on the
student's algebraic proficiency and the complexity of the problem at hand (Chan et al., 2022). In the
context of mathematics education, contents play an important role in helping students express unknown
numbers, define functions, and engage in mathematical discourse more effectively (Moss et al., 2019).
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The second classification (visual use) involves the process of problem solving through the
collection of information through visual representations. Visualization strategies have been shown to
improve students' performance in solving mathematical word problems (Clements, 2014). lllustration and
visualization interventions improve students' ability to solve problems, select the correct operation, and
identify equations (Benson et al., 2023; Kohen et al., 2022). Visual use positively correlates with higher
math problem-solving performance (Hegarty & Kozhevnikov, 1999). Using visual strategies when solving
math problems can facilitate the demonstration of student understanding (Zulu & Mudaly, 2023). The use
of visualization strategies helps students develop problem-solving skills by allowing them to interpret and
understand mathematical concepts with greater ease (Kholid, Rofi'ah et al., 2022). Visualization can
improve problem-solving utility and performance, although individual and contextual factors can influence
its effectiveness (Carden et al., 2015). Visual thinking skills are crucial, as they help in comprehending
complex problems, breaking them down into simpler components, and recognizing connections to related
issues (Sholihah & Maryono, 2020; Sosa & Aguilar, 2021).

In the third classification (use of formulae), students typically use formulae to obtain the information
necessary to solve problems. Mathematical formulae are often considered challenging by students,
frequently leading to mathematical anxiety (Ngu et al., 2017; Ramirez et al., 2018; Trigueros et al., 2020),
However, they can also be utilized as a method for solving mathematical problems through optimization
and simplification. Hosseini et al. (2014) presented a new approach, namely, the use of formulae to solve
arithmetic word problems through a process of sentence analysis, variable identification, and equation
generation. The use of existing mathematical formulae, their simplification, and the application of
optimization techniques have been shown to be beneficial for solving problems efficiently across various
domains (lwane & Anai, 2017). In the context of mathematics education, the implementation of these
strategies can improve students' problem-solving abilities and prepare them for more complex
mathematical challenges (Anggo et al., 2021). Finally, Ishartono et al. (2022) further posit that students'
self-regulated learning is a contributing factor to their problem-solving abilities.

CONCLUSION

This study has identified and elaborated three distinct classifications of inductive thinking strategies
employed by students in solving mathematical problems: variable-based, visual-based, and formula-
based strategies. These classifications differ in the cognitive pathways through which individuals extract,
process, and synthesize information to arrive at a solution. In the variable-based strategy, students utilize
symbolic representations (variables) to encode given information, which they then manipulate to infer
general patterns or reach conclusions—this approach emerged as the most prevalent among
participants. In the visual-based strategy, learners construct or interpret diagrams and other forms of
visual representation to support data organization and pattern recognition, thereby enhancing inductive
reasoning processes. The formula-based strategy involves applying known mathematical formulae to
derive new relationships or simplify expressions to resolve the problem at hand. These findings
underscore the multifaceted nature of inductive reasoning in mathematical problem-solving and suggest
that students engage in varied yet interconnected modes of reasoning that can be systematically
categorized.

Despite its contributions, the study is limited by the relatively small and homogeneous sample,
which restricts the generalizability of its findings. A more diverse participant pool with varying educational
backgrounds and levels of mathematical proficiency could potentially yield a broader and more nuanced
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taxonomy of inductive thinking strategies. Nevertheless, the study offers valuable theoretical insights for
both educational research and instructional practice. For practitioners, understanding the distinct
inductive reasoning strategies may inform more responsive pedagogical approaches that support
students’ cognitive development in mathematics. For future research, it is recommended to investigate
the progression and fragmentation of inductive thinking across different educational stages and problem
types. Furthermore, the design and implementation of instructional materials tailored to each identified
strategy may enhance the effectiveness of mathematics education and support differentiated instruction
aligned with students' cognitive profiles.
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