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 This study aimed to analyze students’ answers in solving number 

pattern problems in terms of analogical reasoning ability. Six 

seventh-grade students with varying academic levels participated in 

the study. Data were collected through written tests and semi-

structured interviews, then analyzed using the analogical reasoning 

framework, which includes four indicators: encoding, inferring, 

mapping, and applying. The results showed that the total scores of 

the six participants ranged from 18 to 30. Student 1 obtained the 

lowest score (18), indicating weaknesses particularly in applying 

pattern rules to determine the required terms correctly. In contrast, 

Students 3, 4, and 5 achieved the maximum score of 30, 
demonstrating consistency in recognizing pattern rules, mapping 

structural similarities, and applying their reasoning accurately across 

tasks. The average total score was 27.5, suggesting that most 

students demonstrated relatively strong analogical reasoning skills, 

although some individuals still experienced difficulty in the applying 

stage, which demands higher precision and conceptual 

understanding. The study contributes to understanding how 

analogical reasoning influences students’ mathematical problem-

solving and offers pedagogical insights for enhancing instruction of 

non-routine tasks through reasoning-based learning strategies. 
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1. INTRODUCTION  

In the classroom, students' ability to solve math problems often shows contrasting 

patterns [1], [2]. When faced with routine problems where the steps for solving are clear 

and similar to the examples given by the teacher, most students can solve them well [3]. 

However, a different situation arises when the problem is presented in a non-routine or 

contextual form that demands deeper understanding [4]. In this condition, many students 

appear confused, unable to connect concepts learned with new situations, and even produce 
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erroneous or incomplete answers [5]. This phenomenon suggests that procedural mastery 

alone is insufficient to guarantee students' success in solving math problems as a whole [6]. 

The answers students write are not just the result of calculations, but also a 

reflection of how they think and understand concepts [7]. Through these answers, teachers 

and researchers can track the cognitive processes that students undergo, including the 

strategies they employ and the difficulties they encounter [8]. Analysis of the errors 

provided valuable information about misconceptions, reasoning errors, or weaknesses in 

linking relevant concepts [9]. This information is important because it can help teachers 

understand students' weak points more specifically, so that the learning strategies designed 

are not only focused on achieving results, but also improving students' thinking processes 

to make them more meaningful. 

One of the thinking skills that plays an important role in solving math problems is 

analogical reasoning [10]. This ability refers to the process of finding similar structures or 

relationships between two different situations [11]. In the context of learning mathematics, 

students are required not only to remember procedures, but also to be able to transfer 

knowledge from familiar problems to new problems that have similar patterns [12]. The 

analogical reasoning process can be reviewed through several stages, namely encoding 

information from the given problem, inferring relevant relationships, mapping the 

relationship between problem elements, and applying this knowledge to produce the right 

solution [13]. It is through this stage that we can see how students build bridges between 

old understandings and new challenges, so the quality of their answers is an important 

indicator of the depth of their reasoning. 

Number patterns are one of the basic materials in mathematics taught at the junior 

high school level. This material not only demands numeracy skills, but also students' 

ability to recognize regularities, find relationships, and predict the continuation of a pattern 

[14]. In this process, students are actually trained to see the similarity in structure between 

the familiar pattern and the new pattern given. This activity is closely related to analogical 

reasoning, as students must encode information from visible patterns, infer hidden rules, 

map the relationship between old and new patterns, and apply this knowledge to determine 

the continuation of the pattern. Thus, number pattern material is the right context to 

examine students' analogical reasoning skills through analyzing the answers they produce 

[15], [16]. 

So far, many studies in the field of mathematics education have focused more on 

the achievement of student learning outcomes, such as the level of mastery of material, test 

scores, or achievement of competencies [17], [18]. Such a focus is important, but it often 

overlooks the thought processes behind students' answers. In fact, a deeper understanding 

of how students reason can provide a more complete picture of the quality of their learning. 

In particular, studies that use the analogical reasoning framework as an analytical knife are 

still very limited. However, although several studies have explored how students think in 

solving number pattern problems, only a few have specifically examined how analogical 

reasoning is reflected through students’ written solutions and thought processes. This gap 

underscores the need for research that examines students’ reasoning processes through a 

structured framework of analogical reasoning. This leaves room for research that not only 
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captures the correctness of answers but also examines how students arrive at these answers 

through the process of analogical reasoning. 

Considering these conditions, it is essential to gain a deeper understanding of 

students' thinking profiles when solving math problems. Analysis of students' answers will 

not only reveal the correctness or incorrectness of the results, but can also indicate the extent 

to which they can apply analogical reasoning in processing information [19]. The results of 

this analysis can serve as a basis for teachers to develop learning strategies that emphasize 

the reasoning process, enabling students to be not only skilled in working on routine 

problems but also flexible in dealing with new ones. 

In addition, this research is expected to contribute to the development of the literature 

on the relationship between students' answers and analogical reasoning ability, which is still 

rarely discussed in depth. Thus, the purpose of this study is to analyze students' answers to 

mathematics problems in terms of their analogical reasoning ability, thereby obtaining a 

comprehensive picture of students' thinking patterns and understanding the implications for 

learning mathematics in the classroom. Therefore, this study aims to describe and analyze 

students' analogical reasoning processes, including encoding, inferring, mapping, and 

applying when solving number pattern problems. Through this analysis, this study aims to 

provide a deeper understanding of how students comprehend, connect, and apply 

mathematical concepts in the context of number patterns. 

 

2. METHOD 

2.1. Research Design 

This study used a descriptive qualitative research design. This design was chosen 

because the research objective was to describe in depth the students' answers in solving 

math problems on number pattern material in terms of analogical reasoning ability. The 

focus was not only on the correctness of the answers but also on how students encoded 

information, inferred rules, mapped relationships, and applied pattern structures to generate 

solutions. 

 
 

Figure 1. Process Analogical Reasoning 
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2.2. Participants 

The subjects of this research were seventh-grade students who had studied material 

on number patterns. The selection of subjects was conducted using a purposive sampling 

technique, as researchers required participants who could provide information in line with 

the research focus. From all students in the class, six participants were selected based on 

variations in ability levels, specifically high, medium, and low. The selection of six 

participants with varying ability levels aims to enable the researcher to obtain a more 

comprehensive understanding of how analogical reasoning is employed in the problem-

solving process. Thus, the analysis conducted not only represents one particular ability 

group but also describes the tendency of students' thinking patterns more broadly, 

especially in linking familiar problems with new problems in the context of number 

patterns. This study followed standard ethical procedures, and all personal information was 

anonymized. 

 

2.3. Instruments 

 

Table 1. Alignment of Test Items with Analogical Reasoning Indicators in Number-Pattern 

Tasks 

Cognitive Process Explanation Item 

Encoding Students identify and extract relevant 

information from a number pattern, 

such as recognizing the constant 

difference or the structure of the 

sequence. 

 Task 1(a): “Explain the rule of the number 

pattern 2, 4, 6, 8, ….” 

 Task 4(a): “State the rule of the pattern 4, 

7, 10, 13, ….” 

Inferring Students infer or formulate the 

underlying rule based on observed 

regularities in the pattern. 

Task 2(a): “State the rule used in Pattern A 

(3, 6, 9, 12, …) and Pattern B (5, 10, 15, 20, 

…).” 

Mapping Students compare two patterns to 

identify similarities and differences, 

showing how they relate to the 

structures of the sequences. 

 Task 2(b): “What are the similarities and 

differences between Pattern A and Pattern 

B?” 

 Task 4(c): “Is the pattern 2, 5, 8, 11, … 

similar to the pattern 4, 7, 10, 13, …? 

Explain your reason.” 

 

Applying Students apply the inferred rule to 

new situations, such as determining 

the n-th term or generating a new 

sequence. 

 Task 1(b): “Determine the 10th term of 

the pattern 2, 4, 6, 8, ….” 

 Task 3: “Create a new pattern with the 

same rule (+5), but start from the number 

7.” 

 Task 4(b): “Determine the 12th term of 

the pattern 4, 7, 10, 13, ….” 

 Task 4(d): “Create a new pattern with the 

same rule, but start from 6.” 

 

 

The main instrument was a written test consisting of four number-pattern problems, 

each aligned with one indicator of analogical reasoning (encoding, inferring, mapping, and 
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applying). The tasks involved simple contextual number patterns, requiring students to 

identify rules, compare patterns, and extend sequences. The scoring rubric was adapted 

from Loc & Uyen [20] by adjusting the descriptors to match the four indicators of 

analogical reasoning used in this study. The rubric included a 0–4 scale for each indicator, 

with clearer operational definitions tailored to number-pattern tasks. To ensure content 

validity, the test and rubric were reviewed by two experts. Revisions were made based on 

their suggestions regarding clarity, cognitive demand, and alignment between items and 

indicators.  

 

2.4. Data Collection 

Data were collected through written tests followed by semi-structured interviews to 

explore students’ reasoning in greater depth. Each participant completed the written test 

individually and was then interviewed to clarify their thought processes, selected 

strategies, and interpretation of the tasks. 

 

2.5. Data Analysis 

Data analysis in this study was conducted through three main stages: data reduction, 

data presentation, and conclusion. At the data reduction stage, student answers obtained 

from written tests and interviews were selected, organized, and categorized according to 

the research focus, allowing for more focused analysis of relevant information. 

Furthermore, at the data presentation stage, the results of the analysis were presented in the 

form of narratives and tables based on indicators of analogical reasoning ability, allowing 

students' reasoning patterns to be observed more clearly. The last stage is conclusion 

drawing, where the analyzed data is interpreted to identify trends, differences, and 

weaknesses in students' thinking processes. 

The analysis of students' answers uses the analogical reasoning ability framework, 

which includes four main indicators. First, encoding, which is how students recognize and 

represent information from number pattern problems. Second, inferring, which is how 

students find the rules or relationships that underlie number patterns. Third, mapping, 

which is how students build relationships between familiar patterns and new patterns 

given. Fourth, applying, which involves students using the results of their reasoning to 

solve problems effectively. 

To maintain data validity, this study used triangulation techniques. Triangulation was 

carried out by comparing data from written tests and interview results, so as to obtain a 

deeper understanding of how students solve problems. In addition, peer debriefing was 

conducted to ensure that the interpretation of the analysis results was consistent and 

unbiased. In this way, the validity of the research findings can be better guaranteed while 

strengthening the arguments built in the discussion. 

 

3. RESULTS AND DISCUSSION 

After all data is collected through written tests and interviews, the next step is to 

analyze student answers using the analogical reasoning framework. This analysis aims to 

examine how students recognize patterns, draw connections, create maps, and apply their 
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knowledge to solve problems. The findings of this analysis process will be presented in the 

research results section, beginning with the presentation of student answer scores obtained 

through the assessment rubric, followed by a description of sample answers that represent 

variations in students' thought processes. 

 

3.1. Results 

A more in-depth picture of students' analogical reasoning ability was obtained 

through the analysis of six students' answers to the number pattern problems given. The 

analysis process was conducted using a modified scoring rubric from [20], which 

comprises four main indicators: encoding, inferring, mapping, and applying. Through this 

rubric, each student's answer is assessed and scored between 0 and 4 based on the quality 

of reasoning demonstrated. Furthermore, the scores of each student are presented in a table 

to show the differences in achievement on each question. After that, some representative 

examples of students' answers, both correct and incorrect, are presented to provide a real 

illustration of students' thinking patterns and common errors. In this way, readers can more 

easily understand the profile of students' analogical reasoning on number pattern material, 

as well as see the variety of ways they solve mathematical problems. 

Table 1 presents the scores from the analysis of six students' answers based on the 

analogical reasoning rubric. The scores shown cover each subtask, starting from the 

identification of pattern rules, comparison between patterns, and the application of new 

patterns. This table illustrates the variation in students' abilities to carry out the encoding, 

inferring, mapping, and applying processes. The total score of each student also provides 

an overview of the overall analogical reasoning profile, making it easier to compare the 

strengths and weaknesses of each individual in solving number pattern problems. 

 

Table 2. Scores for Each Component of Analogical Reasoning 

Student Label Score 

S1 18 

S2 29 

S3 30 

S4 30 

S5 30 

S6 28 

 

Based on the results, the total scores of the six participants ranged from 18 to 30. 

Student 1 obtained the lowest score, 18, which indicates that there are still many 

weaknesses, especially in applying pattern rules to the appropriate answer form. In 

contrast, Students 3, 4, and 5 achieved the maximum score of 30, showing consistency in 

recognizing rules, mapping similarities between patterns, and applying the results of their 

reasoning appropriately. The average total score was 27,5, indicating that most students 

demonstrated relatively strong analogical reasoning skills. This difference in scores 

indicates that most students have been able to demonstrate the encoding, inferring, 

mapping, and applying processes well; however, there are still individuals who face 

difficulties, especially in the applying stage, which requires higher accuracy. In general, 
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this data indicates that the majority of students possess good analogical reasoning skills, 

although there are individual variations that require attention during the learning process. 

In addition to the total score, a more comprehensive understanding of students' 

analogical reasoning ability can be obtained by directly examining the answers they give. 

The analysis of representative answers aims to illustrate exactly how students understand 

pattern rules, map between patterns, and apply their reasoning to solve problems. Some 

answers were selected as representative examples, both those that showed correct solutions 

and those that still contained errors. In this way, students' thinking patterns and potential 

difficulties they face can be seen more clearly, and provide an in-depth picture of the 

analogical reasoning process that takes place in the classroom. 

Figures 2–7 present representative examples of correct and incorrect responses 

across different ability levels, illustrating how students demonstrated encoding, inferring, 

mapping, and applying these concepts in their written solutions. The analysis begins with 

Problem 1, which requires students to recognize the rule in a simple number sequence and 

determine the 10th term of the pattern. This problem is designed to test encoding and 

applying skills, i.e., how students understand the regularity in number patterns and use it to 

find numbers in certain positions. The students' answers varied from those who correctly 

wrote the rule and calculated the 10th term according to the procedure, to those who only 

wrote part of the continuation of the pattern without achieving the required result. The 

selection of examples of students' answers to this problem is intended to show the 

differences in the level of accuracy and application of the rules on which their analogical 

reasoning skills are based. 

 

 
Figure 2. Answer S4 

 
Figure 3. Answer S2 

 

In part (a), Student 4 wrote the rule clearly that the pattern increased by 2 from the 

previous number. This demonstrates good encoding skills, as students can recognize the 

regularity in the sequence. Furthermore, in part (b), Student 4 continues the sequence until 

it reaches the 10th number, which is 20, as requested by the question. This process 

demonstrates that students not only understand the rule (inferring) but are also able to 

apply it consistently to obtain the correct result (applying). This answer reflects a complete 

analogical reasoning profile, from pattern recognition to the correct application of the rule. 

To further clarify S4’s reasoning during the task, an excerpt from the interview is 

presented below: 
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“I saw that each number increases by two, so I just kept adding two until I reached 

the tenth term. It was easy because the pattern is consistent.” 

Unlike Student 4, Student 2 did write the rule in part (a) correctly, namely "each 

number pattern plus 2 numbers". However, in part (b), there was a misunderstanding: the 

student wrote 2, 4, 6, 8, 10, so it stopped when the number 10 appeared, not finding the 

10th term of the sequence. This error indicates that although the encoding was done 

correctly, the applying stage did not proceed according to the requirements of the question. 

Students failed to interpret the question correctly, so the procedure used stopped before 

reaching the answer. This illustrates that the weakness lies not in understanding the rule, 

but in applying it in the context of a more specific question. To better understand the 

source of S2’s error, the following interview excerpt illustrates the student’s interpretation 

of the question: 

“I thought the question was asking for the number 10 in the sequence, not the tenth 

term. So I stopped when I reached 10.” 

Problem 2 requires students to identify the rules of two different number patterns: 

Pattern A, which involves multiples of 3, and Pattern B, which involves multiples of 5. 

Then, they must compare the similarities and differences between the two. Through this 

problem, encoding and inferring skills are tested when students determine the rules of each 

pattern, while mapping is tested when they are asked to find the relationship between the 

two patterns. The variety of students' answers showed a difference in the level of rigor: 

some were able to correctly mention the rules while identifying the similarities and 

differences of the patterns, while others only mentioned some of the information without 

adequate comparative analysis. To illustrate this difference, examples of students' correct 

and incorrect answers are provided. 

 

 
Figure 4. Answer S4 

 

In Problem 2, most students correctly recognized the rules in each pattern: Pattern 

A increases by 3 and Pattern B increases by 5, so the encoding and inferring stages were 

generally not an obstacle. The main difference appeared at the mapping stage, when 

students were asked to compare the two patterns. As shown in Figure 4, S4 correctly stated 

the rule for both Pattern A and Pattern B and was also able to identify the structural 

similarity between the two sequences. S4 demonstrated strong mapping skills by 

recognizing that both patterns share the number 15, indicating an understanding of how the 
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sequences relate to one another. To provide deeper insight into how S4 identified the 

structural similarity between the two patterns, the following interview excerpt illustrates 

the student’s reasoning: 

“Both patterns increase by the same amount each time, but Pattern A adds three 

and Pattern B adds five. I noticed they both have the number fifteen, so I thought 

that means the patterns overlap at that point.” 

Similar answer patterns were also exhibited by Students 2 and 5, who thoroughly 

mentioned both the similarities and differences. In contrast, Students 3 and 6 only wrote 

some information, for example, only the similarities or added differences that were not 

precise, thus showing a partial mapping. Meanwhile, Student 1 failed to display 

relationship analysis by only writing the abbreviation "A.B." without further explanation. 

This finding shows that although the majority of students are quite good at recognizing 

pattern rules, the ability to map relationships between patterns still varies and is a weak 

point for some students. 

Problem 3 asked students to create a new number pattern with the same rule as the 

previous pattern, i.e., always plus 5, but starting from 7. This question primarily assessed 

the application ability, as students were not only asked to recognize the rule but also to 

apply it to a new context with a different starting point. The answers that emerged showed 

variation: some students were able to write the pattern correctly, namely 7, 12, 17, 22, and 

so on, while others experienced calculation errors, resulting in inconsistent results with the 

recognized rule. By examining students' correct and incorrect representative answers, we 

can see the extent to which students can transfer their understanding of number patterns to 

new situations. 

 

 
Figure 5. Answer S5 

 

As shown in Figure 5, Student S5 successfully constructed a new number pattern 

beginning at 7 while applying the same +5 rule. This indicates a strong ability to transfer 

the known structure to a new context. Student 5 answered by writing the sequence 7, 12, 

17, 22, 27, 32. .... This answer shows that students can understand the meaning of the 

question well (encoding), identify the rule of adding 5 from the previous pattern 

(inferring), and then apply it correctly to the new starting point (applying). The strength of 

Student 5's answer is evident from his consistency in adding the number 5 sequentially 

without counting errors, ensuring that the formed pattern is correct. This confirms that 

students do not just memorize patterns, but actually transfer knowledge from the initial 

pattern to the new pattern according to the requested context. Thus, Student 5 

demonstrated a complete ability in analogical reasoning in this problem, particularly in the 

application stage, which was the main focus. To further clarify how S5 constructed the new 

number pattern, the following interview excerpt provides insight into the student’s 

reasoning process: 
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“I knew the pattern always adds five, so when the question said to start at seven, I 

just kept adding five to make the new sequence. It is the same rule, only the starting 

number changes.” 

Problem 4 consists of several parts that are more complex than the previous 

problems, because it not only requires students to find the pattern rule and determine the 

nth term, but also to compare two different patterns and form a new pattern with a similar 

rule. Thus, this problem tested almost all aspects of analogical reasoning: encoding when 

recognizing patterns, inferring when determining the rule of addition, mapping when 

comparing similarities in structure between patterns, and applying when applying rules to 

find specific terms and construct new patterns. Students' answers showed a wide variation: 

some were able to answer correctly by mentioning the rule, calculating the 12th term, and 

forming a new pattern correctly, while others made mistakes in applying the rule, failed to 

write down the required 12th term, or provided general explanations without accurate 

calculations. A representative analysis of the correct and incorrect answers to this question 

will clearly show students' strengths and weaknesses in each stage of analogical reasoning. 

 

 
Figure 6. Answer S5 

 

In part (a), Student 5 wrote the rule clearly that the number pattern increases by 3. 

This demonstrates the correct encoding and inference skills, as students can explicitly 

recognize the regularity of the pattern. In part (b), the student wrote the sequence 3, 6, 9, 

12, 15, with the number 12 marked with a circle. This answer does not match the requested 

pattern, because the pattern should start from 4, not from 3, and what is requested is the 

12th number, not just continuing the pattern until 12 appears. This error reveals a 

misunderstanding of the question's meaning. From the analogical reasoning point of view, 

the student had actually encoded the rule, but failed in the applying stage because she was 

unable to apply the rule correctly to find the 12th term. In part (c), the student wrote that 

the pattern "yes, it is similar, because it always adds 3". Although the explanation is brief, 

this answer demonstrates an awareness of the structural similarity between patterns. This 

reflects good mapping skills, although the reasoning given is still very simple. In part (d), 

the student constructed a new pattern starting from 6, namely 6, 9, 12, 15, 18, 21. This 

answer is correct and demonstrates that the student can apply the rule effectively in a new 

context. This process demonstrates that although the student made an error in determining 

the 12th term in part (b), he was still able to apply the correct method when asked to create 
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a new pattern from a different starting point. Overall, Student 5's answer demonstrates that 

encoding, inferring, and mapping are quite strong; however, applying these skills is still 

weak when the problem context requires calculations involving specific terms. This 

confirms that some students need to be trained not only in recognizing patterns, but also in 

understanding the meaning of the question and applying the rules consistently as the 

question demands. 

To clarify the reasoning behind Student 5’s error in determining the 12th term, 

while still being able to apply the rule correctly in a different context, the following 

interview excerpt provides insight into the student’s thinking: 

“I knew the pattern always adds three, so I just continued it until I saw the number 

twelve. I thought that was what the question wanted. I did not realize it was asking 

for the twelfth term. However, when it asked me to make a new pattern starting 

from six, that was easier because I just had to keep adding three from the new 

starting number.” 

Overall, the analysis shows consistent performance in encoding and inferring, 

whereas the applying component led to the most frequent errors, especially when 

determining the 𝑛-th term. Students with lower total scores tended to misunderstand the 

intent of questions or fail to apply rules systematically, while high-performing students 

completed all steps of analogical reasoning more accurately. 

 

3.2. Discussion 

The findings of this study indicate that students generally demonstrated strong 

abilities in encoding and inferring number patterns but experienced noticeable difficulty in 

the applying stage, especially when required to determine the 𝑛-th term of a sequence. This 

suggests that the early stages of analogical reasoning, specifically understanding basic 

information and identifying regularities, are not the primary obstacles for most seventh-

grade students. While several students were able to map structural similarities between 

patterns, only a few provided complete or conceptually accurate explanations. Errors were 

concentrated mainly in tasks that required transferring the known rule into a more abstract 

or computational context. This suggests misconceptions in interpreting the question's 

intention, as well as weaknesses in connecting recognized rules with the specific 

instructions of the question. In other words, the problem lies not in recognizing the rule, 

but in applying it in a more formal numerical context. 

Additionally, variations were observed during the mapping stage. Some students 

were able to clearly show the similarities between patterns, even presenting numerical 

evidence, such as identifying the same number in two different sequences. However, some 

students only mention similarities in general without providing in-depth reasons, or even 

make mistakes in mentioning differences. This suggests that the ability to establish 

structural correspondence between two patterns remains limited for some students, 

necessitating further training. These results suggest that students’ analogical reasoning in 

the context of number patterns is uneven across the four components, with applying 

emerging as the weakest link. 
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The difficulty in applying rules appears to stem from challenges in transferring 

understanding from familiar examples to more abstract tasks, such as determining an 𝑛-th 

term. This aligns with transfer of learning theory, which states that learners often struggle 

when the new context demands flexible adaptation of previously learned structures [21]. 

Students who relied heavily on surface-level continuation tended to misinterpret the 

meaning of “the 12th term,” suggesting limited metacognitive regulation in monitoring the 

demands of the question. 

Consistent with Sternberg’s theory of analogical reasoning, the mapping and 

applying stages require higher-order abstraction, which many students were unable to 

achieve fully [13]. Prior research also shows that learners often succeed in recognizing 

rules (encoding/inferring) but struggle to transfer them to symbolic or generalized contexts 

[22]. The present findings support these studies, reinforcing that the gap between 

recognizing a pattern and applying it structurally is a significant cognitive hurdle for early 

adolescents. The brief explanations provided by some students also indicate limited 

metacognitive awareness, particularly in justifying the similarities between patterns. This 

echoes findings by Richland et al [23], who emphasize that explicit comparison and 

structural mapping must be scaffolded for students to articulate meaningful analogies. 

This finding reinforces the importance of mathematics learning that emphasizes not 

only the result, but also the reasoning process that students use [24], [25]. Analysis of the 

answers showed that students who were weak at the applying stage often actually 

understood the rule, but failed to adapt it to the demands of the problem. The causal factor 

may lie in the low habit of students in dealing with non-routine problems that demand 

higher reasoning [26], [27], as well as the tendency of mathematics learning in the 

classroom that still focuses on routine procedures. 

The specialty of this study lies in the way of analysis used. Instead of only 

assessing correct or incorrect answers, this study examines the students' reasoning process 

in more detail using the analogical reasoning framework, which includes encoding, 

inferring, mapping, and applying. This approach allows for a more comprehensive profile 

of student thinking to be revealed, as well as identifying points of weakness that are not 

apparent when only looking at the final results [28], [29]. Thus, this research makes an 

important contribution from both theoretical and practical perspectives. On the one hand, it 

enriches the study of analogical reasoning in learning number patterns. On the other hand, 

it serves as a reflection material for teachers to develop learning strategies that emphasize 

students' thinking processes. 

The results highlight the need for instructional practices that support a deeper 

structural understanding, rather than relying on procedural repetition. Teachers can 

integrate analogy-based instructional strategies, such as guided comparison, explicit 

mapping activities, and structured discussion of similarities and differences between 

patterns. These strategies can strengthen students’ ability to transfer pattern rules into new 

contexts and improve their performance in the applying stage. Additionally, incorporating 

metacognitive prompts, such as asking students to explain why a sequence follows a 

certain rule or how one pattern relates to another, may help students regulate their 

reasoning and avoid misinterpreting the problem statement. 
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Overall, this discussion confirms that students' analogical reasoning skills on 

number pattern material are quite good, especially in the early stages of recognizing rules 

and finding regularities. However, there are still weaknesses in applying rules to answer 

more specific questions and in building correspondences between patterns in depth. These 

findings suggest that mathematics learning should provide more opportunities for students 

to practice dealing with non-routine problems, carefully interpreting the meaning of 

questions, and comparing pattern structures across various contexts. Thus, teachers can 

help students not only to be skilled in solving routine problems, but also to develop higher-

order thinking skills that are at the core of mathematical reasoning. 

This study has several limitations. The sample size was small (n = 6), limiting the 

generalizability of the findings to broader populations. The tasks focused solely on 

arithmetic patterns, which may not fully represent students’ analogical reasoning across 

other mathematical domains. Furthermore, the study relied heavily on written responses 

and brief interviews; richer data, such as think-aloud protocols, may provide deeper 

insights into students’ cognitive processes. Future research should involve larger samples 

and diverse pattern types to more comprehensively capture developmental differences in 

analogical reasoning. 

 

4. CONCLUSION 

This study found that students were generally able to accurately encode and infer 

number pattern rules; however, difficulties emerged when tasks required determining 

specific terms or applying rules in more abstract contexts. While mapping skills appeared 

moderately strong, indicated by students' recognition of structural similarities, applying 

remained the weakest stage of analogical reasoning. These findings highlight an uneven 

development across the four components of analogical reasoning in solving number pattern 

problems. The results suggest that teachers should incorporate analogical reasoning 

exercises into non-routine mathematical contexts to strengthen students’ ability to transfer 

and apply pattern rules. Integrating guided comparisons, explicit mapping discussions, and 

structured opportunities for students to justify similarities and differences between patterns 

can help improve the applying stage, which remains a critical challenge for many learners. 

This study was limited to six participants from a single grade level, which constrains the 

generalization of the findings to broader populations. Future research could involve larger 

samples, encompass a wider range of mathematical domains beyond number patterns, or 

utilize richer data sources, such as think-aloud protocols, to capture students’ reasoning 

more comprehensively. 
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