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Abstract.  

This current research aimed at exploring the students’ gestures on algebraic thinking 
process activity in generalizing pattern. Qualitative approach and exploratory type were 
employed. The subjects in this research were junior high school students. The subjects 
were selected by means of snow ball technique. The data were collected by think aloud, 
that was when completing the task of pattern generalization, the students stated their 
thought orally. In addition, interviews were also conducted to complement the data that 
had not been collected through think aloud. The results showed that the gesture shown 
by the students was mostly metaphoric, a gesture representing an abstract idea without 
any physical form. Moreover, deictic gesture, a gesture pointing to the existing objects, 
was also found. The gestures that appeared during the process of pattern generalization 
supported the schemes set up by the students.   
Keywords: gestures, algebraic thinking process, pattern generalizing  

 
INTRODUCTION  

Pattern is an important topic underlying mathematical learning and thinking.  

Pattern is a principle and key aspect to understand the concepts and knowledge of 

mathematics [22, 35]. Analyzing and reasoning the pattern are among the goals of 

mathematics [36, 23, 27]. [11] states that pattern is the rule amongst elements 

constructed from a series of mathematical objects. 

One of pattern analysis forms is generalization. Generalization is a fundamental 

activity in mathematics and is achieved when students are able to identify common 

patterns that emerge from some certain cases in order to apply the similarity obtained 

to other certain cases [4, 12]. However, [8, 40] found that the students had difficulty in 

creating and using the proper generalization.  

Generalization based on pattern observation and relationship amongst patterns 

which are further expressed in the form of words or sentences, diagrams, and symbols 

is a form of algebraic thinking process. Generalization can be said as a form of thinking 

or algebraic reasoning [7, 25]. Generalization in algebraic thinking lies on the ability to 

capture the similarity of a pattern and to realize that this similarity serves as 

requirement as well as to provide a general expression of the similarity in the abstract 

form. A study of [38] found that the students were not only able to think about the 

relationship of two sets of data related to pattern but also were able to express the 

relationship of the pattern in abstract form. 

Algebraic thinking is a cognitive process to solve quantitative problems 

emphasizing the common relational aspect by using symbols [14]. In this case, the 

symbols can be letters or pictures which are used to promote the ability to know algebra. 

This statement shows that algebraic thinking emphasizes more on the relational aspect 

to solve quantitative problems which are not covered arithmetically. This is in 

accordance with what the experts have expressed, namely algebraic thinking is 

interpreted as an approach to resolve the quantitative situation emphasizing on the 

common relational aspect by using symbols and it performs operation on an unknown 

quantity as if the quantity were known [18, 34]. 

Algebraic thinking in students can be developed through the pattern 

generalization.  Several ways to develop the algebraic thinking in beginner students are 
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through: 1) analysis of the relationship between quantity, 2) structure understanding, 

3) assessment of changes, 4) pattern generalization, 5) representation and problem 

solving, and 6) modeling [18, 37]. Establishing common rules of pattern on pattern 

generalization requires students' understanding towards the meaning of equal sign. A 

study of [5] showed that students in junior high school level found it difficult to solve 

algebraic equations and to understand the meaning of the equal sign. Furthermore, [21] 

found that in the process of problem solving, the thinking organization occurs when the 

affective behavior is controlled and metacognitive activity is directed by the mind. 

Several researches on algebraic thinking have been conducted [39, 18, 26, 16]. 

[39] used the SOLO taxonomy to determine the level of algebraic thinking. Moreover, 

[18] differentiated numerical and algebraic thinking. [26] explored the algebraic thinking 

through numerical, visual, and algebraic representation. In addition, [16] explored the 

understanding of the "=", and found that not all students succeeded well in making the 

substitution connection of "=" notation through the mastered calculation strategy. 

Several studies on algebraic thinking do not seem to relate to the pattern generalization. 

Accordingly, this research was more focused on algebraic thinking process in 

generalizing patterns.  

[29, 30] identify three pattern generalization strategies viewed from the aspect of 

semiotic, namely factual, contextual, and symbolic strategies. Some semiotic 

components that appear in the pattern generalization activity include gestures, words, 

and symbols [14]. The semiotic on the mathematics learning activity is a conceptual way 

that focuses on the symbol and its use as a way to understand the function and mental 

structures [9] of semiotic as an interpretation of mathematical expression [10]. In this 

research, the semiotic aspect studied in the process of pattern generalization was more 

focused on students’ gestures.   

 In contrast to the studies by [29, 30] and research on algebraic thinking 

mentioned earlier, this research examined the gestures of junior high school students 

in the algebraic thinking process on linear pattern generalization. This was because the 

learning process related to patterns performed in schools paid less attention to the 

students' gestures as well as their prior knowledge. The students’ gestures and prior 

knowledge greatly assist the thinking process and facilitate the students' understanding 

on mathematics. A study conducted by [17] found that mathematics learning done by 

connecting to the prior knowledge was able to make the students understand better. 

Accordingly, the purpose of this research was to explore the gestures as one of the 

semiotic components in algebraic thinking process in term of generalizing patterns. The 

generalization of symbolic algebra through a semiotic approach needs to be studied 

further. This is in accordance with [19] who states that the generalization of symbolic 

algebra is the highest level of algebra generalization in the students’ algebraic 

experience, and it needs to be further investigated. 

 

METHOD 

Research Approach 

Qualitative approach was employed in this current research. The data obtained 

were described based on the real circumstances to obtain a natural picture of the 
students’ algebraic thinking process gestures in generalizing patterns. Therefore, the 

type of this research was exploratory qualitative research. As stated by [2], qualitative 

research has the following characteristics: 1) naturalistic, 2) descriptive data, 3) concern 

on process, 4) inductive, and 5) meaning.  

Participants 

 This research was conducted in Junior High Schools in Malang. The subjects 
were the seventh-grade students, with the consideration that the students were in the 

early stage of formal operations, meaning they were able to consider different points of 

view simultaneously, to see the rules, and to think inductively as well to make 



 

4
th

International Conference the Community Development in ASEAN ®2017  

 

 

713 

 

hypotheses. The students were given task of pattern generalization. When the students 

used the symbolic algebra strategy, they were recruited as the subjects; if not, the 
researcher looked for other subjects. This process was repeated until the students 

completing the pattern generalization by using the symbolic algebra strategy were 

obtained. In addition, the subjects were selected based on their communication skills, 

which were easy to be interviewed and were able to express their thinking process. 

Accordingly, the subject selection technique employed was snow ball; the recruited 
subjects should meet the criteria, could express their ideas clearly, and fulfill the 

contents of algebraic thinking process in generalizing patterns.  

Data Collection 

The data collection to obtain the students’ gestures on algebraic thinking process 

in generalizing pattern was completed by giving the pattern generalization task and 

interviewing the subjects. At first, the subjects were given the pattern generalization 

task in writing. While completing the task, the subjects were asked to express all of their 

thoughts verbally as well as using gestures. Therefore, the data collection in this 

research was said as think aloud [33]. This activity was recorded by audiovisual devices. 

Furthermore, the interview with the subjects was conducted based on the results of 

pattern generalization task. This interview was held to collect the gesture data on the 

students’ thinking process in generalizing pattern that had not been obtained through 

think aloud. 

Data Analysis 

The data from the results of pattern generalization task in writing, think aloud, 

observation, and interview, either in verbal form or behavior were analyzed by: 1) 

transcribing the entire verbal data, 2) analyzing the data from the results of pattern 

generalization task in writing, think aloud, observation, field note, and interview, 3) 

reducing the data by making abstraction of the students’ gestures on the algebraic 

thinking process in generalizing patterns, 4) arranging the data into units and 

categorizing them with coding, 5) analyzing the students’ gestures on algebraic thinking 

process and other unique and interesting things, and 6) making the conclusion to obtain 

theory development findings related to gestures in the algebraic thinking process.  

RESULTS 

 Seven subjects were recruited during the data collection process. Based on the 

problem solving of pattern generalization performed by the subjects, the data were 

obtained from the think aloud, interview, field note, and the works of the subjects. To 

meet the gesture consistency on the students’ algebraic thinking process in generalizing 

patterns, two subjects were studied, namely S1 and S2. 

S1 found the quantity on the recognized pattern sequence. S1 found the number 

of black circles on the first, second, and third sequences. The following is the excerpt of 

S1’s think aloud. 

S1: "At first, there are four black circles. In the second, there are one, two, three, four, 
five, six, seven, eight, nine, ten black circles. In the third, there are one, two, 
three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, 
fifteen, sixteen black circles. " 

 
 The discovery of the number of black circles in the first, second, and third 

sequences was accompanied by gestures, namely the index finger of the right hand 

pointing the black circles one by one, as shown in Figure 1. 
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Figure 1. S1’s gestures in determining the quantity of pattern 

   
Figure 1 showed the deictic gestures performed by S1 in determining the 

quantitative analysis. When calculating the number of black circles in the first image, 

the index finger of the left hand pointed the black circle in the first image. Furthermore, 

when calculating the number of black circles in the second image, the index finger of 

the left hand and the pen tip held by the right hand pointed the black circles one by 

one. When calculating the number of black circles in the third image, the index finger 

of the left hand and the pen tip held by the right hand pointed the black circles one by 

one. The S1’s deictic gesture only pointed once in quantitative analysis of the first 

sequence. This was because the number of black circles on the first sequence could be 

determined by simply looking at a glance without appointing the black circles one by 

one. 

In generalizing the pattern, S1 understood that the first, second, and third 

sequences formed a pattern, i.e. six black circles increased in each sequence. S1 

performed quantitative analysis, namely looking for associations of the number of black 

circles among sequences. The following is the excerpt of S1’s think aloud. 

 
S1: "The six black circles increase in every sequence. Accordingly, the number of 
black circles in the fourth sequence is twenty-two ". 

 
S1 found the correlation of the number of black circles in the first, second, and 

third sequences and the number of black circles in the further sequence, i.e. the one 

hundredth sequence. When determining the number of black circles on the one 

hundredth sequence, S1 used the number of black circles on the first sequence as the 

initial rate and the number of black circle differences among sequences as the 

differentiator. S1’s gestures when determining the number of black circles in the one 

hundredth image were the thumb of the left hand pointing the first image accompanied 

by eyes; then S1 looked at the number of black circle differences among the images, as 

shown in Figure 2 below. 
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Figure 2. S1’s gestures pointing the first sequence as the initial rate 

 

  Figure 2 showed the deictic gestures performed by S1 in determining the 

quantitative analysis on a later sequence. S1 determined the quantity on the coming 

sequence and demonstrated the relationship occurring in the pattern. S1’s analysis on 

the pattern relationships appeared on the work presented in Figure 3 below.  

 

 
Figure 3 The results of S1’s Quantitative Analysis of Black Circles 

 

 S1 found the relationship among the numbers of white circle on the first, second, 

and third sequences and the number of white circles on the coming sequence, i.e. the 

one hundredth sequence. S1 determined the quantity on the coming sequence and 

demonstrated the relationship that occurred in the pattern. S1’s analysis on the pattern 

relationships appeared on the work presented in Figure 4 below. 

 

 
 
  Figure 4. The results of S1’s Quantitative Analysis of White Circles 

 

  S1 found the relationship among the numbers of black and white circle 

on the first, second, and third sequences. S1’s gestures in determining the relationship 
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of the pattern quantity were demonstrated through hand gestures, which were making 

the arrow sign starting from the first sequence to the second sequence and from the 

second sequence to the third sequence, as shown in Figure 5 below. 

 

 
    

  Figure 5. S1’s gestures showing the relationship of pattern quantity 

 

 Figure 5 showed the metaphoric gesture performed by S1 in determining the 

quantitative analysis. S1 created curved arrows to illustrate the relationship among the 

pattern quantities. 

S1 found the number of black and white circles on the coming sequence, i.e. the 

one hundredth sequence. S1 determined the quantity on the coming sequence and 

demonstrated the relationship that occurred in the pattern. S1’s analysis on the pattern 

relationships appeared on the work presented in Figure 6 below.  

 

 
 

Figure 6 The Results of S1’s Quantitative Analysis of Black and White Circles 

 
  S1 used symbols such as alphabets to generalize the patterns. The use of the 

symbols in generalizing patterns associated with the number of black, white, and 

black and white circles consecutively appeared on the work presented in Figure 7 

below.  
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 Figure 7. The Results of S1’s Use of Alphabet Symbols  

 

 Similar to S1, S2’s gesture in generalizing the patterns was dominated by 

deictic gestures. S2 found the quantity on the recognized pattern sequence. S2 found 

the number of black circles on the first, second, and third sequences. The following 

was the excerpt of S2’s think aloud. 

 
S2: "At first, there are four black circles. In the second, there are one, two, three, 

four, five, six, seven, eight, nine, ten black circles. In the third, there are one, 
two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, 
fourteen, fifteen, sixteen. There are sixteen black circles. " 

 

  S2’s discovery of the number of black circles in the first, second, and third 
sequences was accompanied by gestures, namely the index finger of the right hand 

pointing the black circles one by one, as shown in Figure 8. 

 

 

   

Figure 8. S2’s Gestures in Determining the Quantity of Pattern 

 
  Figure 8 showed the deictic gesture performed by S2 in determining the 

quantitative analysis. When calculating the number of black circles in the first image, 
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the pen tip held by the right hand pointed the black circle in the first image. 

Furthermore, when calculating the number of black circles in the second image, the pen 
tip held by the right hand pointed the black circles one by one in the second image. 

When calculating the number of black circles in the third image, the pen tip held by the 

right hand pointed the black circles one by one in the third image. S2’s deictic gesture 

only pointed once in the first sequence of quantitative analysis. This was because the 

number of black circles on the first sequence could be determined by simply looking at 
a glance without appointing the black circles one by one. 
 
  In generalizing the patterns, S2 understood that the first, second, and 
third sequences formed a pattern, i.e. six black circles increased in each 
sequence. The S2 performed quantitative analysis, namely looking for 
associations of the number of black circles among sequences. The following is 
the excerpt of S2’s think aloud.  
 
  S2: "The difference on the number of black circle in each sequence is six. 

Accordingly, the number of black circles in the fourth sequence is twenty-two 
". 

 
 S2 found the correlation of the number of black circles in the first, second, and 

third sequences and the number of black circles in the coming sequence, i.e. the fourth 

sequence. During the interview, S2 showed the fourth image accompanied by gestures 

as shown in Figure 9 below. 

 

 
  Figure 9. S2’s gestures stating the Quantity of the Fourth Sequence 

 

  Figure 9 showed the metaphoric gesture performed by S2 in determining the 

quantitative analysis. The movement of pen tip held by the right hand followed by 

appointing the next point as if to describe the fourth sequence was an abstract idea.  

  S2 found the relationship among the numbers of black circles on the first, 

second, and third sequences and the black circles on the coming sequence, i.e. the one 

hundredth sequence. S2 determined the quantity on the coming sequence and 

demonstrated the relationship that occurred in the pattern. S2’s analysis on the pattern 

relationships appeared on the work presented in Figure 10 below. 
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Figure 10. The Results of S2’s Black Circle Quantitative Analysis 

 

  S2 found the relationship among the numbers of white circles on the first, 

second, and third sequences and the white circles on the coming sequence, i.e. the one 

hundredth sequence. S2 determined the quantity on the coming sequence and 

demonstrated the relationship that occurred in the pattern. S2’s analysis on the pattern 

relationships appeared on the work presented in Figure 11 below. 

 
 

 
 

Figure 11. The Results of S2’s White Circle Quantitative Analysis 

 

  S2 found the relationship among the numbers of black and white circles on the 

first, second, and third sequences and the black and white circles on the coming 

sequence, i.e. the one hundredth sequence. S2 determined the quantity on the coming 

sequence and demonstrated the relationship that occurred in the pattern. S2’s analysis 
on the pattern relationships appeared on the work presented in Figure 12 below. 

   

 

 
 
    Figure 12. The Results of S2’s Quantitative Analysis of Black and White Circles  

 

  S2 used symbols such as alphabets to generalize the patterns. The use of the 

symbols in generalizing patterns associated with the number of black, white, and black 

and white circles consecutively appeared on the work presented in the Figure 13 below.  
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Figure 13. The Results of S2’s Use of Alphabet Symbols 

 

  To determine the –n sequence of the given pattern, the gestures accompanying 
S2 are shown in Figure 14 below.  

 

 
 

Figure 14. S2’s gestures in analyzing the –n Sequence 

 
 Figure 14 showed deictic gestures performed by S2. When determining the 

general form of the pattern, namely the general formula of the number of black and 
white circles on the –n sequence, S2’s gestures were the fingers pointing to a pattern in 

the form of pictures and the eyes looking at the general formula of the determined 

pattern. This showed that S2 performed a pattern quantity relationship known in the 

first, second, and third sequences to the –n sequence. S2 conducted a variable cognition 

to determine the –n sequence. 

DISCUSSION 

The results of this research indicated that in the pattern generalizing process, the 

students found similarities and differences from the examples forming the pattern. The 

students’ gestures by pointing the quantity of pattern when conducting the process of 

determining similarities and differences in the pattern are included into the type of 

deictic gestures. Furthermore, the metaphoric gestures, gesture representing an 

abstract idea without physical form, also appeared. The students moved their fingertips 

into the right side of the third sequence which seemed to describe the next sequence, 

namely the fourth, fifth, and so on that had not been recognized yet. This has supported 

the findings of [29] which showed that children generalized pattern through gesture, 

observation, and sound. In addition, it was also in accordance with the findings of [20] 

which stated that one of the students' mathematical communications through gestures 

was the freedom of students’ deictic attitude.  

The process to determine the similarities and differences of a pattern could be 

observed from the expression of fingers or expressions shown by the students towards 

pictorial patterns. The expressions of the students’ fingers led to changes in the first, 
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second, and third sequences. The changes were shown from the left, right, top, and 

bottom, or the position of rows and columns. The expressions of the students’ finger 

movements followed the activities in calculating the quantity of pictorial patterns. This 

has showed that gestures helped the students’ thinking process in generalizing the 

patterns. The findings of this research supported the findings of [13] which showed that 

gestures helped mathematical thinking and learning.    

The expression of finger movements in determining the similarity of pictorial 

pattern was the first step in making pattern generalization. The expression of finger 

movements was one of the semiotic components often termed as gestures. Therefore, 

the expression of the fingers showed the attempt to understand the differences or 

similarities in the pattern. The process to obtain the similarity in determining the choice 

of the found quantity depended on the gestures previously indicated by the students. 

This supported the results of the study of [32] which stated that whether the derivation 

process during the choice making of what was calculated in the process of generalization 

was relevant or irrelevant highly depended on the activity of the previous gesture as one 

of the semiotic components.  

The results of this current research indicated that the expression of fingers in the 

pattern generalizing process accompanied the words expressed by the students. The 

gestures expressed by the students in pattern generalizing activity were in accordance 

with the words expressed by the students. This was consistent with the findings of [29] 

which stated that there was compatibility in gestures, observation, and sound when a 

child generalized a pattern.  In addition, the findings of [6] stated that gesture was 

integrated with words expressed in learning mathematics. In this current research, the 

gestures used during the students’ thinking process in generalizing patterns revealed a 

reflection that thinking was a combination of ideas and activities materially. This was 

in accordance with the results of the study by [28] which found that thinking was a form 

of reflection and action between the material and ideas, including words that were 

revealed or not, imagination and visualization, gestures, and rhythms (symbols and 

artifacts). The students’ gestures in this research greatly assisted the thinking process 

in pattern generalization. The findings of [13, 24] state that gestures facilitate 

mathematical thinking and learning. 

Based on the similarities and differences of the pattern that had been found, the 

students predicted the next sequence. The students identified the similarities occurring 

in one pattern to be applied to the next pattern. This supported the findings of the study 

by [5, 4] which stated that in the process of generalization, the students identified some 

specific cases and applied them to the next cases or referring to the possibility of 

something to determine the next possibility.  Then the general similarity found was given 

a general prediction expressed by using variables. This was consistent with the 

statement from [31] that the general prediction played an important role in pattern 

formation and generalization. 

The students’ gestures in this research accompanied the generalization process 

when determining the quantity of pattern. If the analyzed quantity was less than five, 

the students’ gesture was only shown in the form of staring. However, if the quantity to 

be counted was more than five, the gesture was pointing the objects one by one. This 

supported the results of studies by [35, 1] who found that visualization played an 

important role in the activity of generalization; visual and numerical approaches were 

used by the students in generalizing patterns. 

 
CONCLUSION 

The gesture shown by the students on the algebraic thinking process in 

generalizing pattern was mostly deictic, a gesture that points the existing object. The 

students pointed the quantity of objects forming the pattern one by one. Furthermore, 

there was also metaphoric gesture, a gesture that represents an abstract idea without 
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physical form. Here, the students moved their fingertips into the right side of the third 

sequence which seemed to describe the next sequence, namely the fourth, fifth, and so 

on that had not been known previously. The students moved their hand tip from the 

first to the second sequence and from the second to the third sequence on the pattern 

object that describes differently. The gesture that appeared during the process of pattern 

generalization has supported the schemes set up by the students.  
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