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Abstract: Generalization is the process of identifying common characteristics in mental objects
to find patterns, allowing for the application of general rules. It plays a crucial role in mathematics,
being a fundamental aspect of mathematical thinking. Generalization is closely related to number
patterns because number patterns can naturally lead to general expressions in generalizations.
This study aims to review research on generalizations in number pattern material from 2004 to
2024. The research method uses a Systematic Literature Review which collects primary data that
has been published in Sinta and Scopus-indexed journals. Data extraction is adjusted to the
selection criteria so that 18 articles are collected. Data analysis follows a qualitative approach.
Data grouping was carried out based on year of publication, level of education, research subject,
journal index, demographics, methods, and generalization topics analyzed. Results show that
2015 and 2023 were key years for publications on this topic in reputable national and international
journals. Researchers tend to focus on generalizations in number pattern problems at the junior
high school level. Most studies use qualitative methods, exploring generalization strategies,
representations, and processes.

Keywords: generalization, number pattern, systematic literature review, mathematics, education.

» INTRODUCTION

Generalization is the recognition of several common characteristics in a set of
mental objects (Dreyfus, 1991). Generalization is also defined as the process of finding
similarities or patterns in each example or case, so that they can be applied generally for
regularity (Brief, 2003). The introduction of these common characteristics generalizes a
component for finding general formulas where students can find formulas to become the
next pattern (Moguel, Landa, & Sachnex, 2019). Through generalizations, students are
involved in expanding the range of reasoning or communication to enrich the cognitive
structure in students' minds because there are activities that connect them (Kaput, 1999).

Generalization is crucial in mathematics because generalization has a role in
helping students to close the gap between previous knowledge and new ideas then make
connections from previous knowledge to reach new concepts (Stacey, 1989).
Furthermore, generalization plays an important role in mathematics because it is
considered inherent in mathematical thinking in general (Dindyal, 2017; Barbosa & Vale,
2015). Consideration of the important role of generalization in mathematics is not only
because generalization is inherent in mathematical thinking, more than that,
generalization is said to be the main goal in learning mathematics (Barbosa, et al., 2015).
Barbosa and Vale (2015) added that generalization plays an important role in
mathematical activities this is considered a general mathematical thinking ability.

This description leads to the conclusion that generalization is an important aspect
of mathematics with various considerations. The important role of generalization in
mathematics has led several researchers to conduct research on this topic. From several
studies it was found that generalization is recognized as an important component of
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mathematical activities but it is still difficult for students to do it successfully and for
teachers to support it effectively (Jurow, 2004; Lannin, 2005; Mason, 1996).

Research on generalization often explores various mathematical topics. Number
patterns are the most frequently researched material regarding generalization (Dindyal,
2007; Fadiana, 2018; Guner et al., 2013; Kusumaningtyas et al., 2017; Somasundram et
al., 2019; Yilzid & Durmaz, 2021). This is because every process passed in generalization
allows for the use of relationships in number patterns (Lannin, 2005; Zazkis & Liljedahl,
2002). Number patterns have been linked to the process of generalization, given that they
can naturally lead to general expressions. Each process passed in generalization allows
the use of relationships in patterns to make predictions about the next pattern (Lannin,
2005; Zazkis & Liljedahl, 2002).

The pattern referred to in this generalization is a regularity that can be in the form
of numerical, spatial, or logical relationships (Mulligan & Mitchelmore, 2009). They are
closely linked to various mathematical domains, including numbers, algebra, geometry,
measurement, and probability—areas identified as core content standards in mathematics
education by the National Council of Teachers of Mathematics (NCTM) (Tikekar, 2009).
The study of number patterns, therefore, holds a strategic position in the teaching and
learning of mathematics at both elementary and secondary school levels (Rusmawati,
2021). Almost all mathematics is based on patterns, and abstracting these patterns is the
goal of mathematics learning (Mulligan & Mitchelmore, 2009; Warren, 2005).

Despite the importance of number patterns in mathematics learning, errors and
learning obstacles frequently arise when students encounter this material. This has been
explained in several recent studies. Some of these errors are unable to recognize the
pattern that is formed and inability to communicate or express the patterns that have been
obtained. The results of the analysis carried out showed that the subjects were unable to
identify patterns formed from the problems presented (Fauzi & Masduki, 2022; Jelahu et
al., 2023). There is previous research which reveals that students experience difficulty
when expressing patterns that have been found in mathematical form (Spangenberg &
Pithmajor, 2020).

Considering the importance of generalization and the relationship between number
patterns, research on generalization in mathematics, especially in number patterns, has
developed in several specific topics. Amit & Neria (2007) emphasized that generalization
of number patterns is the foundation of students' algebraic thinking, with recursive and
explicit strategies helping in making local and global generalizations. Akkan (2013)
added that although recursive strategies are used more often, students' generalization
abilities increase with increasing grade level, especially in linear patterns compared to
quadratic. Firdaus (2022) found that visual learning styles facilitate students in processing
information better than auditory and kinesthetic, making them more effective in pattern
generalization.

Although many studies have explored the concept of generalization in mathematics,
a comprehensive review specifically focused on the generalization of number pattern
problems has yet to be conducted. Previous reviews, such as Suwanto’s (2018) systematic
literature review, examined the existing literature on mathematical generalization and
emphasized the importance of this process in mathematics learning. The study
categorized mathematical generalization into two main aspects, namely the generalization
process and the generalization product, which cover various mathematical topics such as
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numeracy, algebra, and statistics. However, this study emphasized that mathematical
generalization is often studied in general without a specific focus on certain materials or
topics. Generalization of number patterns is one of the basic concepts in mathematics, but
this study did not provide an in-depth exploration of how students understand and
generalize number patterns specifically.

There is a research gap related to generalization of number patterns in students at
various levels of education. SLR research that focuses on generalization of number
pattern material can fill this gap and provide a more specific understanding of the learning
methods and challenges faced by students in generalizing number patterns.

Given the various approaches and challenges identified in previous studies, there is
a clear need for a comprehensive review. A comprehensive review that specifically
focuses on generalization of number pattern problems has not been conducted. A
Systematic Literature Review (SLR) would help summarize existing findings and provide
clearer guidance on how to support students in understanding and generalizing number
patterns effectively. From the various studies that have been conducted in recent years, a
comprehensive review of generalization in solving number pattern materials is needed to
see research related to trends in this topic.

The researcher conducted this study to describe the results of research on
generalization in solving number pattern problems in articles published in 2005-2024
obtained from the Google Scholar, Semantic Scholar, and ERIC databases. This study
uses the Systematic Literature Review (SLR) method. The SLR research method aims to
collect and synthesize comprehensive research data based on specific questions,
organized, transparent and replicable procedures at each step of the process (Kek &
Huijser, 2011; Juandi & Tamur, 2021). The SLR method allows for a more objective
assessment of evidence than traditional narrative reviews and can contribute to resolving
uncertainties and identifying areas requiring further study (Egger et al., 2009).

= METHOD
Research Design

The research design used in this study is Systematic Literature Review (SLR),
where this method is carried out by synthesizing the results of scientific studies to answer
certain research questions in a transparent and reproducible manner (Lame, 2019). This
study focuses on studies related to mathematical generalization, especially on number
patterns.

Search Strategy

The search strategy was conducted through the use of relevant keywords such as
"generalization,” "number patterns,” and "mathematics education” to ensure that the
research searched was related to this topic. The search process was conducted in the
Google Scholar, Semantic Scholar, and ERIC databases, with articles selected only from
journals indexed by Sinta and Scopus. Initial screening was conducted to identify studies
that were appropriate to the context of this study. At this stage, 29 initial studies were
generated, which were then further screened based on the inclusion and exclusion criteria
set.
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Inclusion and Exclusion Criteria

The population in this study is all studies about generalization in solving number
pattern problems. The studies collected amounted to 29 studies. The sample for this
research was carefully selected based on the inclusion criteria. The inclusion criteria
applied in this study are as follows: (a) Research in the field of mathematics education;
(b) Studies that focus on generalization in solving number pattern problems; (c) Research
at the elementary, secondary, and tertiary education levels; (d) Research published in the
last 20 years (2005-2024); and (e) Articles published in journals indexed by Sinta and
Scopus. After the selection process, out of 29 articles, 16 articles were selected based on
these criteria.

Data Analysis

A descriptive qualitative data analysis approach was used to interpret the results
from the selected studies. The analysis followed four steps. First, reading and
understanding the entire content of each article. The researcher thoroughly reviewed each
selected study to gain a deep understanding of its findings and relevance. Second,
summarizing the findings from each article. Each study's key findings were summarized,
with a focus on how generalization was approached in the context of solving number
pattern problems. Third, relating the findings to identify common themes. The researcher
compared the findings of different studies to identify common themes, trends, or gaps
across the research. Fourth, drawing conclusions based on the synthesized findings. The
final step involved drawing comprehensive conclusions about the generalization process
in solving number pattern problems, including identifying areas that require further
research or practical application.

= RESULT AND DISSCUSSION

There are three stages of research article selection using the PRISMA flowchart.
Figure 1 shows the PRISMA flowchart that illustrates the study screening process in a
systematic review. This process begins with the identification of records retrieved from
various sources, namely Google Scholar (n=18), Sematic Scholar (n=7), and ERIC (n=4).
A total of 1 record was removed before screening because it did not have a source. The
next stage is screening, where existing records are screened and some studies are excluded
because they require more in-depth screening. Relevant reports are then searched for
retrieval, but some reports cannot be obtained. Furthermore, the retrieved reports are
assessed for eligibility, and 5 reports are excluded because they do not meet the criteria
of the CASP (Critical Appraisal Skills Programme) Checklist. Ultimately, a total of 16
research reports were successfully included in this systematic review after passing all
stages of screening and assessment. This diagram shows the study selection flow from
identification to final selection, ensuring that only quality and relevant studies are
included in the review.

Tdentification of studies via database and registers
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Figure 1. Search strategy using PRISMA

Tabel 1. Studies highlighting generalization in solving number pattern problems
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No

Title

Generalization in Solving Number Pattern Problems

1

A Learning Trajectory in 6-
Year-Olds’ Thinking About

Generalizing Functional
Relationships

Children as young as 6 years old are able to
recognize and generalize functional relationships in
repeating patterns.

The main challenge is the difficulty in representing
mathematical relationships symbolically.

Children at a young age have a deeper understanding
of patterns than expected.

2  Comparison of 6th-8th - Students in grades 6-8 use recursive strategies more
Graders’ Efficiencies, often in solving linear patterns.
Strategies and - Students have difficulty generalizing quadratic
Representations Regarding patterns because they focus on the differences
Generalization Patterns between the nearest terms.

- Generalization skills increase with grade level.

3 A Gifted High School - Gifted students find it easier to generalize linear
Student’s Generalization patterns using figural reasoning.
Strategies of Linear and - Gauss's approach helps simplify the generalization of
Nonlinear Patterns via non-linear patterns.
Gauss’s Approach - The main challenge is students' difficulty in finding

common patterns in non-linear patterns.
4 Visual templates in pattern - Visual templates help students build algebraic

generalization activity

structures from figural patterns.

Difficulties occur with non-linear patterns with
complex structures.

With linear patterns, simple visual templates are
more successful in helping generalization.
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“‘Rising to the challenge’’:
using generalization in
pattern problems to unearth
the algebraic skills of
talented pre-algebra
students

Students use both recursive-local and functional-
global approaches in pattern generalization.

The main challenge occurs when students switch
from a recursive to a functional approach to non-
linear patterns.

The reflection process is important to ensure the
consistency of the generalizations made.

Profil Generalisasi
Berdasarkan Perspektif
Semiotik Siswa
Operasional Konkret dan
Operasional Formal

Concrete students observe patterns, formal students
calculate patterns.

Concrete students struggle with variables, formal
students generate formulas.

Main challenge: concrete students cannot validate
formulas.

Penalaran Generalisasi
Siswa SMP alam
Memecahkan Masalah ada
Materi Barisan Bilangan
Ditinjau Berdasarkan Tipe
Kepribadian

Generalization reasoning is important in mathematics
Personality influences how students generalize
Choleric and sanguine are quick but less accurate,
phlegmatic and melancholic are more careful.

The Influence of Reasoning
with Emergent Quantities
on Students'
Generalizations

Comparing number pattern generalization strategies
and guantitative relationships.

Quantitative reasoning is stronger in generalization.
Students who focus on number patterns tend to be
less explicit.

Kemampuan Generalisasi
Matematis Ditinjau dari
Gaya Kognitif Siswa SMP

Field independent students are more independent in
generalization.

Field dependent students need external assistance.
Field independents are better at formulating,
dependents are better at being assisted.

10

Proses berpikir dalam
menggeneralisasi pola
bilangan berdasarkan gaya
belajar pada siswa kelas
VIIl SMP

Visual learners are better at retaining information.
Visual and kinesthetic learners excel at finding
additional information.

Auditory learners have difficulty concluding, visual
learners are more precise.

11

Analisis strategi siswa
sekolah dasar dalam
memecahkan masalah
generalisasi pola ditinjau
dari gaya kognitif

Field independent students are more analytical and
stable in solving numerical and symbolic patterns.
Field dependent students need visual aids or tables to
understand and verify patterns.

Field independents maintain strategies, while field
dependents are more influenced by context.

12

The Distributed Nature of
Pattern Generalization

Pattern generalization is influenced by cognitive and
sociocultural factors.

The cognitive shift from recursive to functional
affects the understanding of algebraic structures.
The main challenge is to get students to see
functional patterns, not just recursive calculations.

13

Pemecahan Masalah
Generalisasi Pola Siswa
Kelas VII SMP Ditinjau
Dari Gaya Kognitif Field

FI students are more analytical in solving number
patterns and using mathematical notation.
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Independendt Dan Field - FD students rely more on visual and recursive
Dependent patterns, having difficulty in determining the nth
term.

- Fl successfully uses explicit rules to find the nth
term, FD tends to have difficulty planning long-term
solutions.

Visual learners are better at recognizing and writing

14  Proses Generalisasi Pola

Bilangan Siswa SMP dalam down complete patterns.

Memecahkan Masalah - Auditory learners are often distracted and do not

Matematika Berdasarkan write down their understanding completely.

Gaya Belajar - Kinesthetic learners are more intuitive, but often
overlook problem-solving steps.

15  Analisis Kesalahan - Low problem-solving students often make
Konseptual dan Prosedural conceptual errors in mathematical operations.
Siswa Sekolah Dasar - Medium problem-solving students are less careful in
Dalam Menggeneralisasi calculating and writing algebraic patterns.

Pola Bilangan - High problem-solving students generally make
procedural errors in constructing patterns.

16  Conjecturing dalam - Conjecturing is the process of formulating an
Pemecahan Masalah unverified hypothesis in solving a pattern.
Generalisasi Pola - The conjecturing process involves observation,

formulation, validation, and generalization.

- Students often have difficulty formulating and
validating conjectures, especially in more complex
patterns.

The sixteen included studies were derived from articles in Sinta and Scopus indexed
journals. Generalizations on number patterns from the 16 studies are described as shown
in Table 1 which were analyzed using a thematic analysis approach. The results of the
thematic analysis produced five themes, namely: (1) errors in generalizing number
patterns; (2) generalizations based on learning and cognitive styles; (3) generalizations
based on personality types: (4) generalization strategies and mathematical approaches;
and (5) the influence of using visual representations and technological aids.

Theme 1. Errors in Generalizing Number Patterns

Conceptual and procedural errors often occur when students face number pattern
problems. Mega (2021) revealed that students with low problem-solving abilities are
more likely to make conceptual errors, such as misunderstanding mathematical operations
or algebraic expressions. Meanwhile, students with high abilities more often make
procedural errors in applying the solution steps. Amy Ellis (2007) added that students
who focus only on number patterns are often unable to identify deeper quantitative
relationships, which hinders their ability to make explicit generalizations. These errors
indicate the importance of balanced teaching between procedural and conceptual.

Theme 2. Generalizations Based on Learning and Cognitive Styles

Various learning and cognitive styles greatly influence the process of generalizing
number patterns. Nirfayanti (2023) stated that students with a field independent cognitive
style are superior in formulating generalizations symbolically, while field dependent
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students need external assistance such as teacher guidance or peers to understand patterns.
Andi Firdaus (2022) found that students with a visual learning style tend to be better at
recognizing and arranging patterns structurally than students with an auditory or
kinesthetic learning style. Kusumaningtiyas (2017) added that students with a field-
independent cognitive style are more analytical and succeed in solving number patterns
with an explicit approach, while field-dependent students rely more on visual
representations and often have difficulty in determining global patterns. These results
indicate that the teaching approach must be adjusted to the cognitive style and learning
style of students so that the generalization process can run optimally.

Theme 3. Generalizations Based on Personality Types

Personality plays a role in how students generalize number pattern problems. Endah
(2018) explains that students with choleric personalities tend to be quick in making
decisions but often make mistakes, especially if the pattern is not clearly visible. On the
other hand, students with melancholic personalities are more thorough and analytical,
although they take longer to solve problems. Phlegmatic and sanguine show unique
characteristics in processing information and facing challenges, where sanguine students
tend to give up when faced with difficulties, while phlegmatic students choose easier
solutions even though the results are less than perfect.

Theme 4. Generalization Strategies and Mathematical Approaches

In the generalization process, the strategies used by students greatly determine their
success. Yassar (2013) compared the use of recursive and explicit strategies in students
in grades 6 to 8. Students were more likely to use recursive strategies, especially for linear
patterns, although explicit strategies were more effective in more complex patterns.
Yildiz (2021) studied gifted students who used the Gaussian approach in generalizing
linear and non-linear patterns. This approach allowed gifted students to overcome
challenges in more complex patterns. Rivera (2009) added that the use of visual templates
helps students in generalizing figurative patterns, especially in non-linear patterns,
although some students have difficulty applying visual templates to less structured
patterns. Sutarto (2015) highlighted the importance of guessing in generalization, where
students make initial guesses, validate them, and finally build generalizations. This
process is often non-linear, and students often have to go back to previous steps to refine
their guesses.

Theme 5. The Influence of Using Visual Representations and Technological Aids
The use of visual representations and technology, such as graphing calculators,
plays a significant role in helping students understand and generalize number patterns.
Rivera (2015) suggests that pattern generalization is influenced not only by cognitive
abilities but also by social and class factors. The use of technology such as graphing
calculators helps students better visualize patterns and shift from recursive to functional
strategies. Barbosa (2015) notes that children as young as six are able to understand
functional relationships through the use of figurative and numerical representations,
which were previously considered too abstract for their age. Miriam Amit (2007) also
highlights that gifted students in mathematics are able to switch between recursive and
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functional strategies, especially in non-linear patterns, although challenges in moving
from one strategy to the other remain.

» CONCLUSION

In conclusion, this study uses the Systematic Literature Review (SLR) method by
synthesizing 16 studies from journals indexed by Sinta and Scopus to answer questions
related to the generalization of number patterns in mathematics learning. Through
thematic analysis, this study produced five main themes: (1) errors in the generalization
of number patterns including conceptual and procedural errors, (2) the influence of
learning styles and cognition on the generalization process, (3) the role of personality type
in decision making when generalizing patterns, (4) generalization strategies and effective
mathematical approaches in solving number pattern problems, and (5) the influence of
visual representation and technology in helping students understand and generalize
patterns. The results of the study indicate that balanced learning between conceptual and
procedural knowledge, as well as the use of technology and visual representation, is very
important in improving students' ability to generalize number patterns.
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