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ABSTRACT 

Generalization has been recognized as a challenge for students as a part of mathematical abstraction. This research is a 

descriptive study that aims to describe the mathematical abstraction type generalization in exponential problem. The 

subjects in this research were 3 students of one of the junior high school in Palembang. The students were at grade IX. 

This study was design research which consists: preliminary design, focus group discussion, trial, interview, and 

retrospective analysis. The problems are the creative problem solving. Problem 1 show that subject 1 succeed in 

indicator of perception of generality, expression of generality, symbolic expression of generality and manipulation of 

generality. Subject 2 only succeed in indicator of perception of generality. Subject 3 succeed in indicator of perception 

of generality and expression of generality. Problem 2 show that subject 1 and 3 succeed in indicator of perception of 

generality, symbolic expression of generality, expression of generality, and manipulation of generality. Subject 2 

succeed in indicator of perception of generality. Problem 3 show that subject 1 and subject 2 succeed in indicator of 

perception of generality, expression of generality, and manipulation of generality. Subject 3 can’t answer the problem 

3.  
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1. INTRODUCTION

Mathematical thinking is defined as activity

developing a mathematical point of view, assessing 

mathematical processes and abstractions, and always 

having a tendency to apply them [1]. It is possible to 

categorize these thinking skills in various ways. 

Karadag categorize them into seven major themes: 

modeling, reasoning, symbolization, representation, 

proving, abstraction, and mathematician [2]. One of 

the first and foremost strategies of mathematical 

creation is the process of abstraction. Abstraction is the 

step of isolating essential ingredients in a complex or 

subtle situation and pinning it down to create 

definitions and insights [3]. Abstraction as a process in 

which students vertically reorganize previously 

constructed mathematics into a new mathematical 

structure. Students use the outcomes of their previous 

processes of abstraction in order to make connections 

and to develop a new and vertical hypothesis or 

generalization. By this definition, two important 

aspects of abstraction emerge: abstraction may occur at 

any level of mathematical activity and abstraction 

demands high cognitive-mental work [4]. There are 

five indicator of abstraction; generalization, 

specialization, observation of patterns, conjecturing 

and testing conjecture [5][6]. Generalization is the 

heart and soul of mathematics. Process of 

generalization is one of the most powerful thinking 

processes, and to understand its decomposition when 

we examine a mathematical situation [7]. The ontology 

of mathematical entities are connected in 

generalization [8]. Mathematical generalization has 

four indicators: perception of generality, expression of 

generality, symbolic expression of generality, and 

manipulation of generality. The concept of 

generalization is most commonly understood as a 

duality between going from particular to general and 

seeing the particular through the general [2].  

The process of generalization is one of the most 
powerful thinking processes, and to understand its 
decomposition when we examine a mathematical 
situation [9]. Generality is so central to all of 
mathematics that many professionals no longer notice 
its presence in what is, for them, elementary. But, it is 
precisely the shifts of attention that experts have 
integrated into their thinking, which are problematic 
for novices [10]. Mathematical generalization has been 
widely recognized as a challenge for many students 
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[11,12,13]. The main cause of students’ difficulties in 
generalizing can be re-conducted to Duval’s argument 
that mathematical objects are ideal and inaccessible 
[14]. The student does not seem to be able to overcome 
particular difficulties, seen as steps in a process of 
generalization [8]. Students who are comfortable 
working with specific cases, have difficulty in 
expressing generality [15]. This study aims to describe 
the mathematical abstraction type of generalization in 
exponential problem. How students solve exponential 
question using mathematical abstraction types 
generalization. 

2. METHOD  

2.1 Research design 

This study used a design research [16]. The aim of 
study to describe mathematical abstraction type 
generalization ability in exponential problems. The 
study focuses on the generalization aspects. This study 
was design research which consists: preliminary 
design, focus group discussion, trial, interview, and 
retrospective analysis. 

2.2 Subject 

The research subjects were a class IX SMP Negeri 
54 Palembang. The sample of the research took 
randomly. There were three students in grade 9. 

2.3 Instrument 

The instrument in this study were three essay 
problems and interview. This problem designed to 
explore students' generalization.  

2.4 Data Collection and Analysis 

The data collection procedure three essay problems 
and interviews that were recorded using Zoom 
Education.  

3. RESULT AND DISCUSSION 

This research followed the stages of design 
research.  

3.1. Preliminary Design  

In this stage, the focus of theories abstraction and 

generalization. The research designed the problem 

based on the study literature. There were three 

questions that designed relate to mathematical 

abstraction type generalization. The three problems 

have been designed are shown in Table 1. 

3.2 Focus group discussion 
 

The three problems were discussed with 2 
Mathematics Education Lecturers. Table 2 summarizes 
the result of the discussion.  

 

 

Table 1. Designed problems. 

Problem 
number 

Problem 

1 
If ,  

then determine the value of x? 

2 
If ,  

then determine the value of 

? 

 
Table 2. Group Discussion 

Lecturer Comment and Advise about Problems 

1 Consider the indicator of the problems 
with curriculum indicator 

2 Consider indicator of problems  

 
After the group discussion with the lecturers, the 

researcher considers the advice. There wasn’t any 
change on the problems. 

3.3 Trial 

The problems tested on three subjects. The trial 
shows that the students understand the problems and 
tried to solve it. There weren’t any questions about the 
problems. The students did the problems in one hour. 

3.4 Interview 

The interview was after the written test. The interview 

aims to confirm the student’s difficulty and experience 

during solve problems. It was conducted to clarify which 

indicator of generalization appears. 

3.5 Retrospective Analysis 

3.5.1 The analysis of subject’s answer in 
problem number 1 

 

  
Figure 1. Subject 1’s answer 

Figure 1 shows generalization indicator of 

subject 1 in answering problem number 1. Generally, 

subject 1 solve problem 1. Subject 1 formulate the sum 

of the number is 401 that show the appearance of a 

perception of generality. Subject 1 formulate that 

expression 

of generality 

manipulation 

of generality 

symbolic 

expression 

of generality 

perception 

of generality 
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 then started doing exponential 

algebraic that show the appearance of the expression 

of generality. Subject 1 show the appearance of 

symbolic expression of generality by propose that 

 and . Subject 1 made a calculate that 

400=2020. Subject 1 use the root concept rather than 

exponential concept. Subject misunderstanding that 

 so .  In interview, subject 1 

suspected that 20 must connected to the result 401. 

Subject 1 guessed the sum of 20 and value of  that 

give a result 401. But, subject 1 made mistake in 

calculation of 400=2020 by misunderstanding the 

concept of root of 400. Subject 1 formulate it by 

mistake that it supposed be 400=202. Subject 1 can’t 

formulated that  .  
 

 
Figure 2. Subject 2’s answer 

 
Figure 2 shows generalization indicator of subject 

2 in answering problem number 1. Subject 2 formulate 

the sum of the number is 401 that show the appearance 

of a perception of generality.  Subject 2 succeed to 

make a perception of generality then failed to make the 

expression of generality. Subject 2 formulate that 

 then started confuse to connect it 

with exponential concept. In the interview, subject 2 

told that can’t figure the pattern and haven’t 

exponential understanding the failed in manipulation 

generality. Subject 2 also failed to show the 

appearance of symbolic expression of generality and 

manipulation of generality. 

 
 

 

  

 
 
Figure 3. Subject 3’s answer 

Figure 3 shows generalization indicator of subject 

3 in answering problem number 1. Subject 3 formulate 

 that show the appearance of a 

perception of generality. Subject 3 propose that 

 and . It means subject 3 

has exponential understanding to solve the problem. 

Subject 3 show the appearance of symbolic of 

generality. Subject 3 didn’t formulate the value of x 

that  perfectly. Subject 3 state in the beginning of 

the answer that value of x is 0.   In the interview, 

Subject 3 formulate that  by trial 

and error. In the end, Subject 3 suspect the pattern of 

 and . Subject 3 also show the 

appearance of manipulation of generality by formulate  

. Subject 3 didn’t show the process 

of the generalization thinking in order. But, base in the 

interview, subject 3 show generalization indicator. 
3.5.2 The analysis of subject’s answer in problem 
number 2. 
 

 
 

Figure 4. Subject 1’s answer problem 2 

 

  
Figure 5. Subject 2’s answer problem 2 

 

Figure 4 shows generalization indicator of subject 

1 in answering problem number 2. Subject 1 show the 

appearance of a perception of generality that 

 … . Subject 1 generated the 

formulate without exponential algebraic that show 

. Subject 1 show the expression of 

generality by proposed that  . Subject 3 

perception of 

generality 

perception 

of generality 

perception 

of generality 

expression 

of generality 

manipulation 

of generality 

symbolic expression of generality 

perception 

of generality 

expression 

of generality 

manipulation 

of generality 

symbolic 

expression 

of generality 
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succeed to conclude that  and found the value of 

. Subject 1 show the appearance 

of symbolic expression of generality and manipulation 

of generality. In the inverview show that subject 1 has 

exponential concept to solve problem 2 and 

generalization indicator. 

Figure 5 shows generalization indicator of subject 

2 in answering problem number 2. Subject 2 show the 

appearance of a perception of generality that 

 …  wrongly. Subject 2 can’t 

generated exponential algebraic to solve  and 

also . In the interview, subject 2 was 

confused to apply the exponential concept. Subject 2 

can’t recognize the pattern of exponential of 5. Subject 

2 didn’t understand the connection between  and 

 factor. 

 

 

 

 
Figure 6. Subject 3’s answer problem 2 

 

Figure 6 shows generalization indicator of subject 

3 in answering problem number 2. Subject 3 show the 

appearance of a perception of generality. Subject 3 

generated the formulate exponential algebraic that 

. Subject 3 show the expression of 

generality by proposed that . 

Subject 3 concluded that  that show the 

appearance of symbolic expression of generality. 

Subject 3 found the value of  that 

show manipulation of generality. In the inverview 

show that subject 3 has exponential concept and 

generalization indicator. 

Generalizing is the most authentic practice of the 

mathematics classroom [17]. It is really important for 

student to have generalization ability in problem 

solving. The process of generalizing a set of particular 

instances, and justifying and formalizing the 

generalization is fundamental to mathematics [17]. The 

difficulty in generalization shown in problem 1, 2 and 

3. Some student can fully have indicator in 

generalization: perception of generality, expression of 

generality, symbolic expression of generality, and 

manipulation of generality. Problem 1 show that 

subject 1 succeed in indicator of perception of 

generality, expression of generality, symbolic 

expression of generality and manipulation of 

generality. Subject 2 only succeed in indicator of 

perception of generality. Subject 3 succeed in indicator 

of perception of generality and expression of 

generality. Problem 2 show that subject 1 and 3 

succeed in indicator of perception of generality, 

symbolic expression of generality, expression of 

generality, and manipulation of generality. Subject 2 

succeed in indicator of perception of generality. 

Problem 3 show that subject 1 and subject 2 succeed in 

indicator of perception of generality, expression of 

generality, and manipulation of generality. Subject 3 

can’t answer the problem 3. Base on the interview with 

subject 3, It’s hard to comprehend expression of 

generality, the symbolic expression of generality, and 

manipulation of generality. Some researchers even 

argue that generalizing is a natural way of thinking for 

students, and suggest that the inclination to notice and 

discuss regularities and patterns in the number system 

is the foundation for constructing, testing, and 

justifying generalizations [18]. Subject 3 can’t 

comprehend the patterns in the exponential problems.  

During the interview, the interviewer and subject 3 

discuss the pattern. Subject 3 able to find the pattern. 

Subject 2 and 3 have difficulty in symbolic of the 

generality. In symbolic world generalization happens 

when the transition from operational procept to 

potential operation is occurred and this kind of 

generalization is reconstructive generalization [19]. 

The types of generalization in symbolic aspect which 

the main difficulties of students in focusing on this 

aspect [20,21].  
 

4. CONCLUSION  

Based on data analysis that has been done above, it 

can be concluded that the problems can used to 

measure the mathematical abstraction type 

generalization on junior high school student. 
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