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Abstract 

This study aims to comprehensively investigate students' learning approach in identifying, 

predicting, and generalizing object and number configuration. A qualitative method was applied with 

as many as 28 participants from eighth-grade students in Bandung, Indonesia. Students’ ability to 

recognize, predict, and generalize the configuration of objects and numbers was assessed. At the 

same time, the approaches employed in the process were analyzed. The research showed that students 

used different approaches to figure out the pattern of objects and number configuration. These 

approaches were: descriptive, operational, visual-descriptive, visual-operational, and descriptive-

visual-operational. Keywords were typically employed in the descriptive approach to predict 

unknown objects or numbers. However, the descriptive approach could not accurately predict 

specific patterns. Therefore, students employed other approaches, including operational, visual-

descriptive, visual-operational, and descriptive-visual-operational approaches. Unfortunately, all 

approaches have proven inadequate for formulating generalizations (general rules) independently. 

These results showed that when teaching students how numbers and objects are configured, they 

should be encouraged to try different ways of seeing patterns, such as descriptive, visual, operational, 

or a combination of the three. 
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1. INTRODUCTION 

The 2020 curriculum, also known as the independent curriculum, places the learning 

outcomes of object and number configurations in the algebraic group. The 2013 curriculum, on 

the other hand, stated that students should be able to do basic math and understand how numbers 

work (decree of the head of the Education Standards, Curriculum, and Assessment Agency of 

the Ministry of Education, Culture, Research, and Technology — Mendikbudristek, 2022). This 

new composition supports the student's comprehension of symbols and patterns as an effective 
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intermediary between numerical cognition and algebraic reasoning (Somasundram et al., 2019). 

In addition, many scholars consider that patterns constitute the foundation of mathematics 

(Liljedahl, 2004); the fundamentals of mathematics reside in the relations and transformations 

that generate patterns and generalizations (Warren, 2005). Furthermore, patterns serve as a 

mechanism to assist children in connecting various mathematical concepts and applications 

(Booker & Windsor, 2010; Reys et al., 1998). Consequently, the learning of object and number 

configuration needs to have a central role in the development of algebra reasoning, which is 

essential for learning advanced mathematics (Rittle-Johnson et al., 2017; Zippert et al., 2020). 

The material in stage D about objects and number configurations is grouped under 

algebraic components in the 2020 curriculum. It is then followed by a study of algebraic forms and 

equations. The learning outcomes explicitly include three cognitive verbs: recognizing, predicting, 

and generalizing. Having the ability to identify the configuration pattern is the initial step for 

students in discovering intuitive strategies to identify regularity. Students have to be able to identify 

the regularity of a configuration pattern and whether the pattern configuration of the analyzed 

object is repeating or evolving. This process bridges the arithmetic and algebra (Barbosa & Vale, 

2015), leading to the three phases that link the arithmetic and algebra, as noted by Kızıltoprak and 

Yavuzsoy Köse (2017): arithmetic, early algebra, and algebra. 

The development of generalization in classroom mathematics encourages students to 

create algebraic reasoning. Instead of just memorizing strategies and procedures (Booker & 

Windsor, 2010), algebra reasoning is based on general reasoning, which is also known as 

imitative reasoning (Lithner, 2008). The process of developing general reasoning requires 

effort. Meanwhile, the ability to hypothesize or make predictions is challenging for students 

and difficult to improve (Lazonder et al., 2021). This prediction is related to abduction, 

which is the first prediction that comes up with a good idea and guides investigations by 

picking the best pattern or regularity from a group of options (Cramer-Petersen, 2019). 

A study of junior high school students that looked at number patterns found that only 

34.7% of them could come up with general rules for number patterns and only 29.31% could 

guess what an object configuration pattern would be (Subekti & Zuhrotunnisa, 2021). In 

general, students’ results in solving number pattern problems did not differ much across 

gender, with females making errors by 57.14% compared to 41.86% for males (Siagian et 

al., 2022). Consequently, students encounter didactic, epistemological, and ontogenic 

obstacles in the number sequence. The ontogenic obstacles are influenced by students’ 

inability to recognize the identity number sequence pattern (Lamaizi et al., 2024). Studies 

by Setiawan and Sa’dijah (2020), and Comendador and Ching (2024) back up these results. 

They show that students often generalize and use the wrong patterns. These patterns include 

confusing coincidental patterns with general rules, not giving reasons or evidence for 

conjectures, not giving enough evidence, not validating arguments well enough, and not 

giving enough justification and supporting evidence. 

These investigations elaborate students’ overall competencies which also highlight 

the mistakes students make in the process of inductive reasoning, particularly in relation to 

patterns and generalizations. Understanding how students identify patterns in a configuration 

of objects and numbers, predict unknown objects and numbers, and develop generalizations 

is crucial. It is crucial for mathematical learning—specifically the material on object and 
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number configuration—to organize activities that enhance students’ abilities in recognizing, 

predicting, and formulating generalizations. 

This article aims to examine students' abilities and diversity in informal reasoning 

(recognition), synthesizing conjectures, and generalizing object configuration patterns of an 

assignment that contains open possibilities for pattern recognition. This is supported by 

studies that argue that scientific reasoning abilities at a certain age are necessary to ascertain 

students’ capabilities and limitations (Lazonder et al., 2021). 

 

2. METHOD 

The purpose of this study is to comprehensively examine the students’ thinking 

process in recognizing, predicting, and generalizing the configuration of objects and patterns 

through a qualitative case study research method. A case study is employed to examine a 

specific problem, event, and phenomenon, enabling an in-depth exploration of the subject 

matter (Crowe et al., 2011). In this study, the phenomenon examined was students’ thinking 

process in recognizing, predicting, and generalizing the configuration of objects and 

numbers. 

Participants in this study include 28 students who were purposefully selected based 

on the results of interviews with their mathematics teachers at the school where this study 

was conducted. Each student was assigned to solve a series of object and number 

configuration problems that were designed based on the cognitive work of the learning 

outcomes. The results of all students’ works were analyzed in depth through three steps from 

Miles and Huberman (1994), namely data reduction, display, and conclusion 

(generalization): visual and verification. 

The researchers collected primary data directly from the students using a tool that 

was made based on their cognitive level and the learning outcomes written in the math 

curriculum phase D for algebraic elements related to object and number configuration. The 

instrument for measuring students’ ability in the material of object and number configuration 

encompasses a sequence of repetition and growth that is assessed at the cognitive level of 

Anderson and Krathwohl (2001) taxonomy: understanding (C2), applying (C3), analyzing 

(C4), and creating (C6). The researchers designed the following instrument to gain an 

overview of students' thinking processes (see Table 1). 

Table 1. Instrument design to measure the object and number configuration 

No Content 
Cognitive 

Levels 
Indicator Weight  

Item 

Number  

1 Repeating 

Object 

Configuration 

Patterns 

C2 Given the first three patterns of repeating 

object configurations are presented, students 

can identify rules/patterns from the 

configuration of objects 

1 1. a 

C2 Given the first three patterns of repeating 

object configurations are presented, students 

can describe the formation of a repeating 

pattern 

1 1. b 
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To determine the validity and reliability of the instrument, it was tested on grade IX 

students. The analysis of the results showed that the lowest item validity was 0.451 (sig. = 

0.016), and the highest was 0.875 (sig. = 0.000) for the numerical question. While the 

Cronbach Alpha reliability score was 0.740, indicating a high level of reliability. Based on 

these results, the instrument is considered feasible for this research purpose. 

In the phase of research data analysis, a systematic approach was undertaken to 

ensure reliable findings. Initially, the researchers identify different strategies used by 

students in solving problems about object and number configuration. To obtain reliable data, 

an independent review was conducted by other researchers, as well as categorizing answer 

patterns and documenting specific strategies employed by each student. For a thorough 

finding presentation, the data was summarized descriptively. According to the final step, 

conclusions were drawn from the data analysis to give a full picture of how the students 

thought about finding, guessing, and generalizing object and number arrangements. Figure 

1 illustrates the data analysis process. 
 

No Content 
Cognitive 

Levels 
Indicator Weight  

Item 

Number  

2 Growing Object 

Configuration 

Patterns 

C2 Given the first 3 arrangements of numbers 

with a growing pattern, students can identify 

configuration patterns 

1 2. a 

C2 Given the first 3 arrangements of numbers 

with a growing pattern, students can 

describe the formation of a growing 

configuration pattern 

1 2. b 

3 Object 

Configuration 

Patterns 

C2 Given a configuration of objects with a 

general linear pattern, students can identify 

the number of objects in their configuration 

arrangement 

1 3. a 

C4 Given a configuration of objects with a 

general linear pattern, students can predict 

the number of objects in their configuration 

arrangement 

1 3. b 

C6 Given a configuration of objects with a 

general linear pattern, students can 

determine general rules for the pattern of the 

number of objects in their configuration 

arrangement 

3 3. c 

4 Number Patterns C4 Given a number of configurations that 

contain a combination of growing and 

shirking patterns, students analyse sequence 

patterns to determine unknown sequence 

terms 

4 4 

5 Application of 

Object and 

Number 

Configurations 

C3 Given contextual problems related to object 

patterns, students can use knowledge in 

object and number configuration patterns to 

solve it 

4 5 
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Figure 1. Research data analysis (adapted from Miles & Huberman, 1994) 

 

3. RESULTS AND DISCUSSION 

3.1. Results 

Descriptively, the results of the analysis of the students’ achievements indicated a 

positive trend. The data is predominantly concentrated at lower scores. Moreover, the 

distribution exhibits a leptokurtic shape, with a kurtosis of 1.66 exceeding 0.263. The relative 

frequency achievement (%) for each item is presented in Table 2. 

Table 2. Percentage of student achievement scores on each test item 

Item Content 
Percent 

Score 

1 Repeating Object Configuration Patterns 82% 

2 Growing Object Configuration Patterns 32% 

3 Object Configuration Patterns 36% 

4 Number Patterns 14% 

5 Application of Object and Number Configurations 18% 

Configurations Object and Numbers (Total) 31% 

Notes: Score percentage is calculated using the formula: 
(Sum of Score)

(Weight × n)
𝑥100% 

 

The initial question is about recognizing the repeating object configuration. The 

statements given in the question are as follows (see Figure 2). 
 

  
Figure 2. Questions of object configuration with repeating patterns 

 

The presented questions asked students to illustrate the next object with the reasons. 

Generally, as described in Table 2, students could recognize the patterns of object repetition 
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and predicted them by drawing the next object. It can be inferred that students could 

effectively identify and predict simple patterns of object repetition. The predictions of object 

configurations and students' recognition can be seen in the following example of students’ 

responses in Figure 3. 
 

 

 

Figure 3. Thinking patterns in repetitive configuration patterns 

 

The second question tasked students with recognizing and predicting the growing 

pattern in object configurations. The second question is as follows (see Figure 4). 
 

 

Figure 4. Questions of object configuration with growing patterns 

 

In answering the questions of recurring object configurations, there were only 32% 

of students could draw the next configuration. Meanwhile, there were only 30% of students 

that could explain the pattern accurately. This means that 2% of students could draw the 

unknown object pattern but could not explain the configuration pattern.  

The analysis of students’ explanations illustrated that the approaches used by 

students were descriptive, visual, and descriptive-visual. Figure 5 illustrates the students' in 

recognizing object configuration patterns. 
 

 

Figure 5. Descriptive Approach in Recognizing Patterns with Error Prediction 

 

The Figure 5 illustrates that students were able to recognize the pattern descriptively. 

However, they were not predicting accurately the next unknown object. The following 

Figure 6 is an example of a descriptive pattern recognition approach with accurate 

predictions. 
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Figure 6. Descriptive recognition approach with correct predictions 

 

From the Figure 6, it can be illustrated that students could recognize the patterns 

properly, by using the keyword “increase by 1 too”, and it was followed by their decision-

making skills as the way to predict the objects in the given configuration. It can be inferred 

that students were able to recognize the object configuration patterns properly and employ 

an inductive reasoning process in their predictions.  

The third approach to recognizing the object configuration is visual-operational. 

Students employed diagrams to identify the object configuration pattern. The arrangements 

of the diagram were linked to the number patterns. With this pattern recognition, it could be 

predicted the unknown objects from their configurations accurately. Examples of student 

answers can be seen in Figure 7 as follows. 
 

 

Figure 7. Visual-operational recognition approach 

 

The third approach to students' thinking process in answering the repeated configuration 

pattern is the combination of descriptive-visual-operational. Students explained the 

configuration pattern in detail as in the following students’ responses in Figure 8 as follows. 
 

 

Figure 8. Visual-descriptive recognition approach 
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Students combined descriptive and visual explanations of the configuration pattern. 

Then, by using the number patterns associated with visual objects, it obtained the keyword 

“there are two formed each, and the number will continue to increase”, to predict the 

unknown object in the given configuration accurately.  

From the findings above, it can be inferred that some approaches used by students in 

recognizing the growth objects configuration are descriptive, visual-operational, and 

descriptive-visual-operational. By using the descriptive approach, could be accurate and 

inaccurate predictions, whereas the visual-operational and descriptive-visual-operational 

approaches consistently produced accurate predictions.   

Question number three relates to the configuration pattern of circular objects with a 

linearly growing base pattern.  This object configuration is also associated with the number 

patterns. Students are required to find the general rule for some circles in the object 

configuration. The question is shown in Figure 9. 
 

 

Figure 9. Questions for configuration patterns related to number sequences 

 

The question in item number 3 involved determining the number of circles in the 4th 

arrangement, establishing regularity, predicting, and formulating the general pattern of some 

circles. The analysis of students’ responses identified four approaches; recognizing the 

pattern with its explanation, operational-descriptive combination, and visual-descriptive, 

operational (general rules). The first approach students employed in recognizing the 

configuration pattern is to provide a descriptive explanation of the increasing pattern of 

objects (circle) as follows (see Figure 10). 
 

 

Figure 10. Descriptive recognizes approach in growing pattern 

 

The Figure 10 illustrates students’ explanation of the additional objects in each 

configuration. Their descriptive recognition was correct. They could draw the next object 

but they could not predict as well as generalize. This failure was due to a lack of the synthesis 

process of students’ thinking skills. Therefore, for more complex configurations, the 

descriptive recognition failed in predicting and generalizing the object configuration 

patterns.  

The second approach was the use of operational methods combined with the 

description, as seen in the following Figure 11. 
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Figure 11. Descriptive-operational prediction approach 

 

Students began by recognizing patterns by counting all the circles in each 

configuration. Then, they arranged the regularity operationally as follows; 1, 1+2, 3+2, and 

so on. Next, they employed the keyword “each pattern has a difference of 2”. However, the 

pattern recognition constructed by students failed to be used in predicting the 20th term of 

the object configuration. Students relied on the general rules of an arithmetic sequence, such 

as U_20=1+ (20-1)2=39. Thus, the operational approach used by students could not build 

their thinking skills to predict, as well as arrange the general object configuration pattern. 

The third approach identified from the data analysis was a combination of 

descriptive-operational methods. The initial pattern configuration of this approach was 

similar to the first approach, where students described the pattern from the object 

configuration. Each object pattern increased by two, allowing students to determine the 

number of objects in the next arrangement such as 5+2= 7 (see Figure 12). 
 

 

Figure 12. Visual-operational prediction approach 

 

In the next step, students employed an operational approach to predict the 20th 

pattern. It was started by calculating the difference between patterns, which was 2. Then, 

they attempted to use the keyword “maybe” to determine the number of objects in the 20th 

term by using some alternative, such as "or 19", "20", "or 38". Finally, it was determined 

that the pattern of object number in the 20th was 38.  

The next approach developed by students was descriptive-visual. Students 

recognized the pattern by explaining the growth pattern from object configuration but it was 

different with the first descriptive, as each object in configuration increased by one in the 

horizontal arrangement and one in the vertical arrangement. The descriptive recognition 

which was developed by students effectively utilized visual representations, enabling them 

to predict using a visual (sketch) approach. Unfortunately, students failed to formulate the 
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general pattern from the object configuration that was provided. The following Figure 13 

illustrates the fourth approach to students’ thinking process. 
 

 

Figure 13. Visual-descriptive prediction approach 

 

The fifth approach identified from the result of data reduction was the use of general 

rules. This pattern was similar to the second pattern. However, in this approach, students 

directly applied the general formula for arithmetic sequence derived from the series circle 

counts by calculating them. In making predictions, the students solved the problem in 

reverse-shifting from inductive to deductive reasoning by using general rules for arithmetic 

sequences. The approach taken by these students can be seen in Figure 14. 
 

 

Figure 14. Operational approach for prediction 

 

The correct answer, which was answered by students in determining the 20th term, 

was considered not the prediction process, but rather the application of the existing rules 

(deduction). Consequently, students struggled to answer subsequent questions related to 

generalizing the provided object configuration pattern.  

Question number four measured students' ability to find some unknown terms in a 

number sequence. Students needed to analyze three number sequences and synthesize them 

to derive the rules for each number sequence. This question adopted the reasoning model of 

state university entrance exams. This means that this question is included in the high-level 

measurement category. The problem is as follows (see Figure 15). 
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Figure 15. Questions for number sequence 

 

In general, students failed to solve the given questions, as reflected by the percentage 

of students’ achievement scores which was 14%. Many students did not answer this question. 

Then, among those who did, there were two approaches employed by students such as visual 

and operational. Figure 16 shows the two approaches used by students. 
 

  
(a)  (b) 

Figure 16. Solution approach of numbers configuration: (a) Visual approach; 

(b) Operational approach 

 

The first pattern recognition approach employed by students was creating a visual 

diagram with arrows connecting to the sequential relationships between the numbers in the 

series (see Figure 16a). This visual approach was followed by an operational approach, 

namely identifying the regularities: the first number sequence was “plus 1”, the second 

number sequence was “minus 3”, and the third sequence was “multiplied by 3”. These 

patterns were then used to predict unknown numbers in the provided sequence such as the 

9th term, which equals 288 = (96 x 3), and the 11th term, which equals 20 = (23-3). The 

combination of visual and operational approaches encouraged students to recognize and 

predict unknown numbers in the provided number series.  

The second pattern recognition approach (see Figure 16b) was investigated by 

students using operational technique. The students were assigned sequence numbers as 

1,2,3,1,2,3, and so on. The results were divided into three groups of sequences which were 

accompanied by their symbolic sequence rule; the rules in the first sequence "r= +1", the 

second sequence followed the rules “r= -2”, and the third sequence followed the rule "r= x 

3". Although the symbolic rules written by students were not entirely accurate, they were 

still able to use them correctly to predict unknown numbers in the provided sequences.  

Question number five involved the implementation of object configuration. This 

question is related to installing lights in a certain pattern. The problem scenario is as Figure 17. 
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Figure 17. Question for applying object configuration 

 

The provided problems involved recognizing, predicting, and generalizing patterns 

of object and number configurations from contextual problems. The analysis of students' 

responses revealed that the average score was 0.28 (28 %) out of 4. Further analysis 

identified two groups of approaches such as descriptive and operational (formal). The 

approaches employed by the students are shown in the following Figure 18. 
 

 

Figure 18. Descriptive approach for solution of applying object configuration 

 

The students described the number of lights in each configuration arrangement to 

identify the pattern, concluding that "it is clear that per pattern, there will be an increase of 

3 lights." Unfortunately, the student altered the identified pattern when making predictions, 

applying the rule "multiplying by 3," which led to an incorrect total of 75 lights. Because the 

pattern recognition was not based on the configuration of the objects, the students were 

unable to accurately comprehend the configuration pattern of the number of lights. As a 

result, they failed to make accurate predictions and generalizations. 

The second approach identified is a combination of descriptive and operational 

approaches, as illustrated in the following Figure 19. 
 

 

Figure 19. Operational approach for solution of applying object configuration 
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The students recognized the pattern in the number of lights in each configuration, 

leading to the number sequence of lights: 5, 8, 11, 14, .... When asked to predict the number 

of lights in the 25th configuration, they used the general formula for an arithmetic sequence, 

Un=a+(n−1)b. This means the students applied deductive reasoning (formal operational) to 

predict the value of the sequence that had not yet been determined. However, the students 

were unable to form the general expression for the number sequence that represented the 

configuration of the objects. 

From the findings above, it can be concluded that in solving contextual problems 

involving object configurations, the students attempted to recognize the configuration 

pattern both descriptively and operationally by identifying the number sequence formed by 

the objects in each configuration. The next step involved using a formal method, namely 

applying the general rule for number sequences to predict the unknown numbers. As a result 

of using this formal approach, the students were unable to make generalizations from the 

contextual problem related to the object configuration. 
 

3.2. Discussion 

The repeating pattern of object configurations can be appropriately recognized by 

students in a descriptive form. With this approach, students are able to make predictions 

about unknown object configurations. The recognition of regularity in a descriptive manner, 

commonly used in object configurations, may be due to the limited opportunities students 

have to recognize patterns from different perspectives. As stated by Reys et al. (1998), 

teachers need to understand that students may think about a pattern in different ways, and 

frequently, there is more than one correct way to extend that pattern. Therefore, even though 

the pattern of object or number configurations may be simple or complex (Reys et al., 1998; 

Rittle-Johnson et al., 2017), teachers need to provide opportunities for students to recognize 

the repeating patterns of object configurations in various ways. 

In the case of object configurations with a growth pattern, it was found that there 

were some ways in which students recognize the pattern of object configurations, including 

descriptive, visual-operational, a combination of description and visual, and operational 

approaches. The emergence of these varied approaches is very beneficial for students in 

aiding the inductive reasoning process. The development of visual approach allows students 

to see information more clearly (Geçici & Türnüklü, 2021), and thus, recognition using 

visual approach combined with operational or descriptive approaches enables students to 

predict the pattern of object configurations. Additionally, the process of recognizing patterns 

through visual approach is closely linked to mathematical thinking (Geçici & Türnüklü, 

2021), with a connection between spatial visualization, patterns, and mathematics (Rittle-

Johnson et al., 2018). Reasoning through visuals will assist students in the discovery process, 

enhancing comprehension of mathematical concepts (Geçici & Türnüklü, 2021). Therefore, 

recognizing object configuration patterns through visual-operational, or even audiovisual 

approach should be considered by teachers in the context of literacy skills (Kandir et al., 

2018), as this recognition will encourage students to abstract mathematical principles 

(Pasnak, 2017). 
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The use of various approaches by students in recognizing object and number 

configuration patterns is highly effective in facilitating mathematics learning. As stated by 

Mielicki et al. (2021), the development of pattern-based mathematics learning greatly 

contributes to further mathematical learning, thereby improving students' ability to develop 

patterns. Hunter and Miller (2018) recommend using real-life tasks, such as Pacific patterns, 

which refer to object configurations of plants and flowers given as gifts for special occasions 

like weddings or birthdays. Suherman and Vidákovich (2022) used object configurations in 

the Lampung Tapis. Essentially, through activities involving the recognition and prediction 

of object configuration patterns, students can engage in mathematical thinking processes. 

Mathematical thinking is crucial in mathematics education, as it equips individuals to adapt 

in real life (Geçici & Türnüklü, 2021). 

The recognition of object configuration patterns can determine the success of 

students in making predictions and generalizations. The research findings revealed that the 

students’ approach of recognizing descriptive patterns in growing object and number 

configurations can contribute to make predictions. Students use key phrases, such as 

“increases by 1 too” or “2 are added to the following pattern”. With these key phrases, 

students can develop predictions for the next configuration, but unfortunately, some fail to 

predict accurately from the given object configuration. As a result, students with a 

descriptive recognition approach fail to formulate generalizations. In the case of recognizing 

visual patterns or combining visuals with descriptions, as well as visual-operational 

approaches, students recognize the pattern using diagrams or relying on the diagrams. 

Initially, the recognition was examined descriptively by utilizing the provided object 

configuration images, then students combined it with a visual approach (sketches) or 

operational approach (numbers). As a result, students could predict well both objects that 

were “close” and those that were “far” from the given object configuration. However, this 

thinking process has not been able to develop a general pattern for the evolving object 

configurations. Although they failed to develop generalizations, the visual recognition 

process in object configurations was slightly more advanced than the descriptive approach. 

These findings confirm the research by Warren and Cooper (2007), and Angraini et al. 

(2023), that visual representation is easier to transform into numerical representation by 

students, helping them identify object and number configuration patterns. Additionally, 

Arcavi’s (2003) finding that visualization encompasses capability, process, and product of 

creating, interpreting, using, and reflecting of images or diagrams in a person’s mind. It 

aimed to depict and communicate information, to think and develop previous unknown 

ideas. Thus, this process can encourage and support someone to develop the understanding. 

The research findings showed that, in general, students have not been able to 

formulate a general pattern or generalization from the given object and number 

configurations. According to Ramdhani (2018), the low ability to generalize is caused by 

several factors, such as difficulty in recognizing patterns, expressing patterns or rules in 

verbal language, and formulating patterns or rules in symbolic language. Additionally, there 

is variation in pattern recognition and a lack of attention to their relationships. Students tend 

to recognize patterns from only one perspective. In line with the findings of Hunter and 

Miller (2018), students generally learn or recognize patterns using only one perspective 
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(variable) of object or number configurations and fail to consider the covariation relationship 

between two patterns. In fact, the ability to link two quantities in object and number 

configurations is a factor that influences the formulation of generalizations (Syawahid et al., 

2024). Therefore, in mathematics learning practice, especially in teaching object and number 

configurations, there needs to be reinforcement and encouragement from the teacher so that 

students can recognize object and number configuration patterns from various perspectives, 

identify relationships, and eventually make generalizations. General patterns or 

generalizations will guide students to the basic of mathematics, which lies in the 

relationships and transformations that lead to patterns and generalizations of objects 

(Carpenter et al., 2003). 

The results of this study also found that recognizing and predicting number 

sequences containing more than two patterns of number sequences are difficult for students. 

Only 2 out of 28 students (7.1%) were able to identify, find, and predict the values of the 

unknown sequences. As indicated by the previous research, the pattern recognition 

performed by the students used different approaches. The first approach used a visualization 

technique with arrow diagrams linking the regularities between the numbers in the series 

sequentially. The second approach used an operational technique. Students assigned 

sequence numbers with 1, 2, 3, 1, 2, 3, and so on. As a result, it was divided into three groups 

of number sequences, each accompanied by its respective symbolic sequence pattern: the 

first sequence had the rule “r = +1”, the second sequence had the rule “r = -2,” and the third 

sequence had the rule “r = x 3”. According to Warren and Cooper (2007), the students’ 

difficulty in recognizing sequences that contain sub-sequences is the identification of cross-

rules between sub-sequences. Students tend to focus on one sequence rule and pay less 

attention to potential patterns within the number sequence. The two answers found by 

students in this study could serve as inspiration for teachers when teaching how to recognize 

number sequences containing sub-sequences. 

Solving contextual problems related to object configurations and number sequences 

mostly used a descriptive approach with key phrases such as “it is clear that per pattern, there 

will be an increase of 3 lights”. Unfortunately, this approach could not be used by students 

to predict and formulate generalizations. Another approach used by students was the 

application of the general rules of number sequences that they had learned, specifically the 

formal deductive approach. The formal deductive approach could be applied by students to 

determine the values of number sequences from the object configurations provided, by 

applying the general rules, rather than as a prediction. Another consequence of using this 

formal deductive approach was that students became confused when trying to formulate a 

generalization of the patterns from the presented object and number configurations. The 

difficulty in solving contextual problems related to number patterns, according to Subekti 

and Zuhrotunnisa (2021), is caused by students’ lack of precision, such as incorrectly 

applying principle and procedural knowledge. 

From the findings, students’ ability to recognize, predict and generalize the materials of 

object configuration is needed in learning practices. It can make students easier to find 

regularities through various approaches, such as visual, tabular, and operational approaches. 

Pattern examination is potential to facilitate the detection of new mathematical principles for 
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students (Naccache & Yifrach-Stav, 2022). Although the process of formulating generalizations 

from a pattern is not easy (Permatasari et al., 2021), teachers can assist students by asking 

questions that provide references for students to form generalizations (Miliyawati, 2014). 

Finally, the learning pattern should emphasize on a series of introductions, predictions, 

and generalizations according to the learning outcomes in the national curriculum and highlight 

the role of analogy, learning strategies, and constructivist approaches (Angraini et al., 2023) 

because learning about patterns can enhance student’s cognitive development and academic 

performance (Pasnak, 2017). In practice, teachers need to use object configurations related to 

context such as batik patterns that contain repeating and developing patterns. In Truntun batik 

pattern (Nurcahyo et al., 2024), the algebraic thinking, particularly the generalization pattern, 

can be facilitated (Andini & Suryadi, 2017). In fact, research by Kandir et al. (2018) recommends 

that pattern-based mathematics learning programs should be integrated into the school 

mathematics curriculum. 

 

4. CONCLUSION 

Based on the research finding, it can be concluded that several approaches were used 

by students in recognizing the pattern of object and number configurations, including 

descriptive, operational, visual-descriptive, visual-operational, and descriptive-visual-

operational approaches. The descriptive approach is employed in recognizing patterns of 

repeating and growing object configurations. In recognizing the pattern of object and 

numbers configurations, the descriptive approach utilizes key phrases, enabling students to 

predict unknown objects. Approaches involving visuals (visual-descriptive, visual-

operational, and descriptive-visual-operational) are used by students in recognizing object 

configurations with growing patterns, as well as number sequences containing sub-

sequences. The approaches involving visuals are employed by students to predict unknown 

objects or numbers from the given configuration. However, unfortunately, all the approaches 

developed by students in this study have not been effective in helping students formulate 

generalizations of the general patterns from the object and number configurations. 

Based on the conclusion of this study, it is recommended that learning about object 

and number configurations should encourage students to explore various approaches to 

recognize patterns, such as descriptive, visual, operational, and combinations of these 

approaches. The patterns discovered by students should be employed to help them predict 

and formulate general patterns from the configurations. In addition, teacher should consider 

to include the object and number configurations that related to real-life contexts in the 

learning material. 
 

Acknowledgments 

This article is one of the research outputs of the FPMIPA UPI grant for the 2024 

fiscal year. For that, we would like to thank the Dean of FPMIPA and the Rector of the 

Indonesian University of Education. 

 
 



 Volume 14, No 2, 2025, pp. 551-570

 

 

567 Infinity

Declarations 

Author Contribution : JAD: Visualization, Writing - original draft, and Writing - 

review & editing; EN: Formal analysis, Methodology, and 

Writing - review & editing; NB: Supervision, and Validation; 

YDK: Writing - review & editing. 

Funding Statement : This article is the output of the research results of  the work plan 

fund and annual budget for the assignment of the dean of the 

Faculty of Mathematics and Natural Sciences Education, 

University of Education Indonesia, for the 2024 fiscal year with 

the decree of the dean of FPMIPA UPI number: 5558/un40. 

A4/pt.01.03/2024. 

Conflict of Interest : The authors declare no conflict of interest. 

Additional Information : Additional information is available for this paper. 

 

REFERENCES 

Anderson, L. W., & Krathwohl, D. R. (2001). A taxonomy for learning, teaching, and 

assessing: A revision of Bloom's taxonomy of educational objectives: complete 

edition. Addison Wesley Longman, Inc.  

Andini, W., & Suryadi, D. (2017). Student obstacles in solving algebraic thinking problems. 

Journal of Physics: Conference Series, 895(1), 012091. 

https://doi.org/10.1088/1742-6596/895/1/012091  

Angraini, L. M., Larsari, V. N., Muhammad, I., & Kania, N. (2023). Generalizations and 

analogical reasoning of junior high school viewed from Bruner's learning theory. 

Infinity Journal, 12(2), 291-306. https://doi.org/10.22460/infinity.v12i2.p291-306  

Arcavi, A. (2003). The role of visual representations in the learning of mathematics. 

Educational Studies in Mathematics, 52(3), 215-241. 

https://doi.org/10.1023/A:1024312321077  

Barbosa, A., & Vale, I. (2015). Visualization in pattern generalization: Potential and 

challenges. Journal of the European Teacher Education Network, 10, 57-70.  

Booker, G., & Windsor, W. (2010). Developing Algebraic Thinking: using problem-solving 

to build from number and geometry in the primary school to the ideas that underpin 

algebra in high school and beyond. Procedia - Social and Behavioral Sciences, 8, 

411-419. https://doi.org/10.1016/j.sbspro.2010.12.057  

Carpenter, T. P., Franke, L., & Levi, L. (2003). Thinking mathematically: Integrating 

arithmetic & algebra in elementary school. Heinemann.  

Comendador, A. C., & Ching, D. A. (2024). Mathematical reasoning error analysis of college 

students for a proposed plan of action. TWIST, 19(3), 456-463.  

Cramer-Petersen, C. L. (2019). Reasoning patterns in team-based idea generation. Doctoral 

dissertation. Technical University of Denmark. Retrieved from 

https://orbit.dtu.dk/en/publications/reasoning-patterns-in-team-based-idea-

generation 

https://doi.org/10.1088/1742-6596/895/1/012091
https://doi.org/10.22460/infinity.v12i2.p291-306
https://doi.org/10.1023/A:1024312321077
https://doi.org/10.1016/j.sbspro.2010.12.057
https://orbit.dtu.dk/en/publications/reasoning-patterns-in-team-based-idea-generation
https://orbit.dtu.dk/en/publications/reasoning-patterns-in-team-based-idea-generation


Dahlan, Nurlaelah, Bariyah, & Kristiani, Does students' thought structure in object … 568 

Crowe, S., Cresswell, K., Robertson, A., Huby, G., Avery, A., & Sheikh, A. (2011). The 

case study approach. BMC Medical Research Methodology, 11(1), 100. 

https://doi.org/10.1186/1471-2288-11-100  

Geçici, M. E., & Türnüklü, E. (2021). Visual reasoning in mathematics education: A 

conceptual framework proposal. Acta Didactica Napocensia, 14(1), 115-126. 

https://doi.org/10.24193/adn.14.1.9  

Hunter, J., & Miller, J. (2018). Using a contextual pasifika patterning task to support 

generalisation. In J. Hunter, P. Perger, & L. Darragh (Eds.), Making waves, opening 

spaces (Proceedings of the 41st annual conference of the Mathematics Education 

Research Group of Australasia) (pp. 408-415). Mathematics Education Research 

Group of Australasia.  

Kandir, A., Çolak, F. G., & Aktulun, Ö. U. (2018). The effect of pattern-based mathematics 

education program (PMEP) on 61-72-month-old preschoolers' early academic and 

language skills. Educational Research and Reviews, 13(22), 735-744. 

https://doi.org/10.5897/ERR2018.3621  

Kızıltoprak, A., & Yavuzsoy Köse, N. (2017). Relational thinking: The bridge between 

arithmetic and algebra. International Electronic Journal of Elementary Education, 

10(1), 131-145. https://doi.org/10.26822/iejee.2017131893  

Lamaizi, E. M., Zraoula, L., & El Wahbi, B. (2024). Exploring learning difficulties in 

convergence of numerical sequences in Morocco: An error analysis study. 

Mathematics Teaching Research Journal, 16(2), 63-79.  

Lazonder, A. W., Janssen, N., Gijlers, H., & Walraven, A. (2021). Patterns of development 

in children’s scientific reasoning: Results from a three-year longitudinal study. 

Journal of Cognition and Development, 22(1), 108-124. 

https://doi.org/10.1080/15248372.2020.1814293  

Liljedahl, P. (2004). Repeating pattern or number pattern: The distinction is blurred. Focus 

on Learning Problems in Mathematics, 26(3), 24-42.  

Lithner, J. (2008). A research framework for creative and imitative reasoning. Educational 

Studies in Mathematics, 67(3), 255-276. https://doi.org/10.1007/s10649-007-9104-2  

Mendikbudristek. (2022). Keputusan Kepala Badan Standar, Kurikulum, dan Asesmen 

Pendidikan Kementrian Pendidikan, Kebudayaan, Riset, dan Teknologi Nomor 

033/H/KR/2022 tentang Perubahan atas Keputusan Kepala Badan Standar, 

Kurikulum, Riset, dan Teknologi Nomor 008/H/KR/2022 tentang Capaian 

Pembelajaran pada Pendidikan Anak Usia Dini, Jenjang Pendidikan Dasar, dan 

Jenjang Pendidikan Menengah pada Kurikulum Merdeka. Ministry of Education, 

Culture, Research, and Technology of the Republic of Indonesia 

Mielicki, M. K., Fitzsimmons, C. J., Woodbury, L. H., Marshal, H., Zhang, D., Rivera, F. 

D., & Thompson, C. A. (2021). Effects of figural and numerical presentation formats 

on growing pattern performance. Journal of Numerical Cognition, 7(2), 125-155. 

https://doi.org/10.5964/jnc.6945  

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded 

sourcebook. Sage.  

Miliyawati, B. (2014). Urgensi strategi disposition habits of mind matematis [The urgency 

of mathematical disposition habits of mind strategy]. Infinity Journal, 3(2), 174-188.  

https://doi.org/10.1186/1471-2288-11-100
https://doi.org/10.24193/adn.14.1.9
https://doi.org/10.5897/ERR2018.3621
https://doi.org/10.26822/iejee.2017131893
https://doi.org/10.1080/15248372.2020.1814293
https://doi.org/10.1007/s10649-007-9104-2
https://doi.org/10.5964/jnc.6945


 Volume 14, No 2, 2025, pp. 551-570

 

 

569 Infinity

Naccache, D., & Yifrach-Stav, O. (2022). Pattern recognition experiments on mathematical 

expressions. PSL University.  

Nurcahyo, A., Ishartono, N., Pratiwi, A. Y. C., & Waluyo, M. (2024). Exploration of 

mathematical concepts in Batik Truntum Surakarta. Infinity Journal, 13(2), 457-476. 

https://doi.org/10.22460/infinity.v13i2.p457-476  

Pasnak, R. (2017). Empirical studies of patterning. Psychology, 8, 2276-2293. 

https://doi.org/10.4236/psych.2017.813144  

Permatasari, D., Azka, R., & Fikriya, H. (2021). Exploring students’ algebraic thinking in 

generational activities and their difficulties. Beta: Jurnal Tadris Matematika, 14(1), 

53-68. https://doi.org/10.20414/betajtm.v14i1.418  

Ramdhani, S. (2018). Kemampuan generalisasi mahasiswa pada perkuliahan kapita selekta 

matematika sma [Students' generalization ability in high school mathematics capita 

selective lectures]. Jurnal Analisa, 4(2), 83-89. 

https://doi.org/10.15575/ja.v4i2.3926  

Reys, R. E., Suydam, M. N., Lindquist, M. M., & Smith, N. L. (1998). Helping children 

learn mathematics. Allyn and Bacon.  

Rittle-Johnson, B., Fyfe, E. R., Hofer, K. G., & Farran, D. C. (2017). Early math trajectories: 

Low-income children's mathematics knowledge from ages 4 to 11. Child 

development, 88(5), 1727-1742. https://doi.org/10.1111/cdev.12662  

Rittle-Johnson, B., Zippert, E. L., & Boice, K. L. (2018). Data on preschool children׳s math, 

patterning, and spatial knowledge. Data in Brief, 20, 196-199. 

https://doi.org/10.1016/j.dib.2018.07.061  

Setiawan, A., & Sa’dijah, C. (2020). Analysis of students errors in mathematical reasoning 

on geometry by gender. Journal of Disruptive Learning Innovation (JODLI), 1(2), 

59-66. https://doi.org/10.17977/um072v1i22020p59-66  

Siagian, Q. A., Herman, T., Darhim, D., & Khairunnisa, K. (2022). Student errors in solving 

number patterns, sequences, and series HOTS types based on Newman's theory in 

terms of gender. Edumatica: Jurnal Pendidikan Matematika, 12(2), 170-179.  

Somasundram, P., Akmar, S. N., & Eu, L. K. (2019). Year five pupils’ number sense and 

algebraic thinking: The mediating role of symbol and pattern sense. The New 

Educational Review, 55(1), 100-111.  

Subekti, F. E., & Zuhrotunnisa, Z. (2021). Errors of completing mathematical problems on 

number pattern material. Journal of Physics: Conference Series, 1778(1), 012041. 

https://doi.org/10.1088/1742-6596/1778/1/012041  

Suherman, S., & Vidákovich, T. (2022). Tapis patterns in the context of ethnomathematics 

to assess students' creative thinking in mathematics: A rasch measurement. 

Mathematics Teaching Research Journal, 14(4), 56-79.  

Syawahid, M., Nasrun, N., & Prahmana, R. C. I. (2024). Figural and non-figural linear 

pattern: Case of primary mathematical gifted students' functional thinking. 

Mathematics Teaching Research Journal, 16(4), 94-115.  

Warren, E. (2005). Young children's ability to generalise the pattern rule for growing 

patterns. In  Proceedings of the 29th Conference of the International Group for the 

Psychology of Mathematics Education, Melbourne (Vol. 4, pp. 305-312).  

https://doi.org/10.22460/infinity.v13i2.p457-476
https://doi.org/10.4236/psych.2017.813144
https://doi.org/10.20414/betajtm.v14i1.418
https://doi.org/10.15575/ja.v4i2.3926
https://doi.org/10.1111/cdev.12662
https://doi.org/10.1016/j.dib.2018.07.061
https://doi.org/10.17977/um072v1i22020p59-66
https://doi.org/10.1088/1742-6596/1778/1/012041


Dahlan, Nurlaelah, Bariyah, & Kristiani, Does students' thought structure in object … 570 

Warren, E., & Cooper, T. (2007). Repeating patterns and multiplicative thinking: Analysis 

of classroom interactions with 9-year-old students that support the transition from 

the known to the novel. The Journal of Classroom Interaction, 41/42(2/1), 7-17.  

Zippert, E. L., Douglas, A.-A., & Rittle-Johnson, B. (2020). Finding patterns in objects and 

numbers: Repeating patterning in pre-K predicts kindergarten mathematics 

knowledge. Journal of Experimental Child Psychology, 200, 104965. 

https://doi.org/10.1016/j.jecp.2020.104965  

 

https://doi.org/10.1016/j.jecp.2020.104965

