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Abstract. This paper provides an analysis of the existing literature on the mathematical generalization focusing on 

empirical research findings. Out of all searched citations, a total of 5 publication from mathematics education met the 

inclusion criteria. The analysis was based on the types of generalizations’ category (process and product), topic 

(material of mathematical learning), and some indicator to determine mathematical generalization of students. The 

generalization process can be known by looking at the students in relating, searching relationship, and extending two 

or more problems, situations, ideas, or mathematical objects. The generalization product indicates specific indicator 

of the mathematical generalization abilities. Indicators of mathematical generalization ability are grouped into three 

main categories, namely identification or statement, definition, and influence. The aspect of identification or statement, 

students can identify or express the properties, similarities or general principles of rules, patterns, strategies or 

procedures, and general rules of an object, situation or phenomenon. The aspect of the definition, students can define 

an object class that satisfies a given relationship, pattern, or phenomenon. The aspect of influence, students can apply 

or modify general ideas or strategies to solve situations or problems in mathematics. In addition, these findings provide 

insights into certain challenges and confounding factors involved in designing new assessment instruments for each 

indicator of the mathematical generalization abilities. And mathematical generalization abilities of students cannot be 

seen only in certain material, but more broadly such as numerical, algebraic, and statistic.  

INTRODUCTION 

Generalization, a process of deducing certain things into the form of a general statement or concept, has 

received attention as one of the focuses of curriculum development of school mathematics [1]. Mathematical 

generalization has been widely recognized as a challenge for many students [2,3,4,5,6]. Students can be adept at 

making all kinds of generalizations, but this does not mean that they will be able to generalize in ways that are 

productive in terms of being mathematically useful, or helpful in achieving the mathematical goals of a lesson or 

a unit [7,8,4]. Not only is important in school learning, students' mathematical generalization abilities are also 

useful in real life.  

In learning, as a social-cognitive process, generalizations can train students to be more communicative. This 

is because in the individual cognitive occurs a psychological process, and generalization is one of them. Such 

generalization would result in a cognitive construction product which processes are always conditioned and 

socially mediated for using and relying on the means provided and prepared by society such as language [9]. In 

addition, students also become more creative in solving problems or math in a real context by combining their 

knowledge and experience  [10]. Without generalization, there is no way for teachers and students to cope with 

an unlimited amount of information in both the abstract and the real world [11]. 

Generalizations in mathematics are heartbeat and life-blood. A mathematical thinking in learning occurs only 

when the teachers aware of generalization form and students inhabit to express their generalizations. In other 

words, as an intrinsic element for activity and thinking, generalization is what makes it mathematical [12, 13, 14].  

[15] argues that mathematical generalization has to do with noticing patterns and properties common to several 

situations. Mathematical generalization is not only the basic and characteristics way of thinking and reasoning to 

indicate the process by which concepts are seen in the wider context, but also the product of the process [16,17]. 

The first step in the generalizing process is the formation of a clear concept. First, students give the idea of 
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"common attributes" to a group of specific objects. Then, by differentiating attributes, students will assign labels 

or categories to group members. This labeling or category is used to differentiate and find similarities between 

concepts. If the students can see the relationship of a concept with another concept in a particular situation, then 

they have reached the level of generalization [18]. The product which is the level of generalization is certainly 

related to the possession of student’s mathematical generalization abilities. 

Generalization ability defined by [19] as an ability to grasp what is common in different problems and 

examples and, correspondingly, to see what is different in the common begins to take shape earlier than all other 

components. This is in line with the [20] that defines that mathematical generalization ability is an ability to relay 

the patterns, determine the structure, data, images, or the next terms, and formulate a general symbolic. Thus, the 

ability of mathematical generalization is the ability of students to relay the patterns, determine the structure, data, 

images, or the form, and formulate a general symbolic from problem and example that vary. 

The attempt to design the instruction to improve mathematical generalization ability had relied on a theoretical 

framework about the mathematical generalization, which analyzes the constituent components into two broad 

categories, which is generalizing actions and reflection generalization. Generalizing action is a process that could 

direct to improve student’s generalization. Meanwhile, reflection generalization represents a student's ability to 

identify or use existing generalizations [21]. 

Generalizing actions consists of three major categories, they are relating, searching, and extending. In relating,  

students connect two or more problems, situations, ideas, or mathematical objects. In searching, students look for 

relationships, patterns, and solutions or similar results. In searching, students look for relationships, patterns, and 

solutions or similar results. In extending, students extend the pattern, relationship, or rule into a more mathematics' 

general structure. Then, reflection generalizations can be seen through several aspects, they are identification or 

statement, definition, and influence. In the aspect of identification or statement, students can identify or express 

the properties, similarities or general principles of rules, patterns, strategies or procedures, and general rules of an 

object, situation or phenomenon. In the aspect of the definition, students can define an object class that satisfies a 

given relationship, pattern, or phenomenon. Finally, in the aspect of influence, students can apply or modify 

general ideas or strategies to solve situations or problems in mathematics [21, 22]. (fig 1). 

 

 
Fig 1. Mathematical Generalization Framework  

 

In developing mathematical generalization ability, attempts are made to investigate the level of students' ability 

to generalize [23]. [12] describe that students who have generalization ability can be seen at least through three 

questions as follows: ‘what seems likely to be true (a conjecture), why it is likely to be true (a justification), and 

where it is likely to be true, that is a more general setting of the question. Meanwhile, according to [20] which 

formulate five indicators to determine students' mathematical generalization ability, they are to recognize a 

rule/pattern, to describe a rule or pattern in numerical or verbal, to produce a general rule and pattern, to apply 

rule or pattern from various problems, and to formulate a general symbolic. 

The fragmented view of how to know students’ mathematical generalization and the need for generalization 

implementation in learning, highlights the need for a systematic review of mathematical generalization. This 

review study aims to contribute to process and reflection generalization in mathematics learning by systematically 

compiling the available empirical evidence on the various approaches as published in journal articles. In particular, 

this paper answers the following research question: how to know students' mathematical generalization abilities? 
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METHODS 

This review paper followed [24] methodological guidelines for conducting a systematic literature review.  We 

chose this method because the steps are clear enough to classify the data. Some of the main steps for conducting 

the literature search are as follows: 

Constructing Search Terms 

The following details will help in determining the search terms of our research question. Mathematical 

generalization: generalization, mathematical generalization, generalizing process, generalizing action, reflection 

generalization, mathematical generalization ability. The question containing the above detail is: how to know the 

ability of student's mathematical generalization?  

Search Strategy 

A search of international peer-reviewed published literature was undertaken with a focus on empirical studies 

that emphasized mathematical generalization. We searched keywords, titles and abstracts in four databases using 

the following keyword combinations: (generalization OR mathematical generalization) AND (student). Databases 

that used to search and filter out the relevant papers are JSTOR, Springer, Scopus, and SAGE. 

Publication Selection 

The study selection process is based on several criteria. This study selected papers that: 

 related to the search term used, such as generalization, mathematical generalization, generalizing 

proccess, generalizing action, reflection generalization, mathematical generalization ability.; 

 scope in mathematics education; 

 used quantitative or qualitative empirical measures; 

 described research involving students of any age in any educational system, who attended private or public 

schools; 

 were written in English; 

Coding Study Characteristics 

Characteristics central to review and analyzed the articles selected on basis as follows: 

 Name of study, the first author and the year of publication are stated 

 Category of generalization, consist of generalizations’ process and product  

 Topic, learning materials used in empirical research  

 Indicator, used of point view to determine the student's mathematical generalization 

RESULTS AND DISCUSSIONS 

After screening all titles of searching, this study assessing 33 abstract and full texts for eligibility, and then 

identified 5 publications that met the inclusion criteria. This can be seen in the following table. 

 

 

 

 

 

TABLE 1 Data Sources and Results for Literature Search 

 

Data Source Primary Selection Final Selection 

Springer 16 1 

SAGE 3 1 

Scopus 2 0 

JSTOR 12 3 
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Then, 5 data publications that have been analyzed, summarized in the table as follows: 

 

TABLE 2 Summary of Studies in Term of Category, Topic, and Indicator in Mathematical Generalization 

 

Reference Category of 

Generalization 

Topic Indicator 

[24] Product Statistic (a) the ability to write a mathematical illustration exemplifying 

the same relationship as in several given illustrations of the 

relationship 

(b) the ability to write a word statement of the general truth or 

fact exemplified by several given illustrations of a 

mathematical relationship 

(c) the ability to illustrate a word statement of a general truth or 

fact in mathematics by writing a mathematical relationship  
    

[14] Proccess Algebra (a) identifying commonality across cases, 

(b) extending one’s reasoning beyond the range in which it 

originated, 

(c) deriving broader results from particular cases 

 

[25] Proccess Numeric (a) counting, drawing a picture or constructing a model to 

represent the situation and counting the desired attribute 

(b) recursion, building on a previous term or terms in the 

sequence to construct the next term 

(c) whole-object, using a portion as a unit to onstruct a larger 

unit using multiples of the unit. This strategy may or may not 

require an adjustment for over-or undercounting 

(d) contextual, constructing a rule on the basis of a relationship 

that is determined from the problem situation 

(e) guess and check, guessing a rule without regard to why the 

rule may work 

(f) rate-adjust, using the constant rate of change as a 

multiplying factor. An adjustment is then made by adding or 

substracting a constant to attain a particular value of 

dependent variable 

 

[26] Proccess Algebra (a) grasping a commonality noticed on some particulars 

(b) extending or generalizing this commonality to all subsequent 

terms 

(c) being able to use the commonality to provide a direct 

expression of any term of the sequence 

 

[27] Proccess Algebra (a) counting from a drawing by which the students count the 

elements of a particular figural term in a pattern 

(b) recursive where the students points out the common 

difference between pairs of consecutive terms and use it to 

repetitively add from term to term to extend the pattern 

(c) chunking that involves the students in multiplying common 

difference between pairs of consecutive terms in the pattern 

by the number of steps and in adding the result to an initial 

figural term 

(d) functional that is characterized by relating parts of the pattern 

to the figural step number 

(e) whole-object that involves identifying the value of a term by 

using multiples of a previous term or by adding two previous 

terms 
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Based on the results of the research in Table 2, The mathematical generalization of students does not depend 

on a particular material. The material that can be used to view generalizations of student mathematics is broad 

enough, including numeric, algebra, and statistic. The results also show that there are some indicators that can be 

used to find out the mathematical generalization of student both in the process (generalizing actions) and products 

(reflection generalizations) [21, 22].  That details of the indicator can be seen in in the table as follows: 

 

TABLE 3 Classification Indicator of Mathematical Generalization 

 

Reference Indicator Major Category  

[21, 22] 

Category of 

Generalization [21,22] 

[25] (a) the ability to write a mathematical illustration 

exemplifying the same relationship as in several 

given illustrations of the relationship 

(b) the ability to write a word statement of the 

general truth or fact exemplified by several 

given illustrations of a mathematical 

relationship 

(c) the ability to illustrate a word statement of a 

general truth or fact in mathematics by writing a 

mathematical relationship  

identification or 

statement 

 

definition 

 

 

 

definition 

product 

 

    

[14] (a) identifying commonality across cases, 

(b) extending one’s reasoning beyond the range in 

which it originated, 

(c) deriving broader results from particular cases 

 

searching 

extending 

 

extending 

 

proccess 

[26] (a) counting, drawing a picture or constructing a 

model to represent the situation and counting the 

desired attribute 

(b) recursion, building on a previous term or terms 

in the sequence to construct the next term 

(c) whole-object, using a portion as a unit to 

construct a larger unit using multiples of the 

unit. This strategy may or may not require an 

adjustment for over-or undercounting 

(d) contextual, constructing a rule on the basis of a 

relationship that is determined from the problem 

situation 

(e) guess and check, guessing a rule without regard 

to why the rule may work 

(f) rate-adjust, using the constant rate of change as 

a multiplying factor. An adjustment is then 

made by adding or substracting a constant to 

attain a particular value of dependent variable 

 

influence 

 

 

influence 

 

definition 

 

 

 

definition 

 

 

influence 

 

influence 

product 
 

[27] (a) grasping a commonality noticed on some 

particulars 

(b) extending or generalizing this commonality to 

all subsequent terms 

(c) being able to use the commonality to provide a 

direct expression of any term of the sequence 

 

identification 

 

definition 

 

influence 

 

 

product 

 

[28] (a) counting from a drawing by which the students 

count the elements of a particular figural term in 

a pattern 

influence 

 

 

product 
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(b) recursive where the students points out the 

common difference between pairs of 

consecutive terms and use it to repetitively add 

from term to term to extend the pattern 

(c) chunking that involves the students in 

multiplying common difference between pairs 

of consecutive terms in the pattern by the 

number of steps and in adding the result to an 

initial figural term 

(d) functional that is characterized by relating parts 

of the pattern to the figural step number 

(e) whole-object that involves identifying the value 

of a term by using multiples of a previous term 

or by adding two previous terms 

influence 

 

 

 

influence 

 

 

 

 

identification 

 

definition 

    

 

Based on the mathematical generalization indicator classification in Table 3, the generalization process can be 

known by looking at the students in relating, searching relationship, and extending two or more problems, 

situations, ideas, or mathematical objects. The generalization product indicates specific indicator of the 

mathematical generalization abilities. Results of the generalization process as indicators of mathematical 

generalization ability are grouped into three main categories, namely identification or statement, definition, and 

influence. The aspect of identification or statement, students can identify or express the properties, similarities or 

general principles of rules, patterns, strategies or procedures, and general rules of an object, situation or 

phenomenon. The aspect of the definition, students can define an object class that satisfies a given relationship, 

pattern, or phenomenon. The aspect of influence, students can apply or modify general ideas or strategies to solve 

situations or problems in mathematics. 

CONCLUSIONS 

This paper has presented over seven decade's systematic review on mathematical generalization. This paper 

has also outlined several future insights on educational data clustering based on the existing literature reviewed, 

and further avenues for further research are identified. In summary, mathematical generalization abilities of 

student can be seen on many learning materials such as numeric, algebra, and statistic. Then, for knowing the 

mathematical generalization abilities of students can be done in two ways, namely by looking at the generalization 

process of students and see the results of the generalization process or mathematical generalization ability.  
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