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ABSTRACT 

	
To achieve a better understanding and performance from the elementary students in Mathematics, this study investigates on their epistemic reasoning patterns when dealing with the parity of the sum of odd and even numbers. Thus, this research study aims to present how elementary students think and reason out when they are learning basic concepts in mathematics which makes it important to the scientific community. It also provides proof on how Grade 6 learners explore the patterns and test ideas which leads them in drawing conclusions on even and odd numbers. This adds to new knowledge about the mathematical thinking ability of learners most especially at the elementary level where there are still few studies conducted. Respondents are from one of the public schools in a certain rural area in the Philippines which entails that students’ knowledge is limited only on what their teacher taught in class and majority of them in terms of academic performance belongs to average level. Data were collected from 30 students through a five-item open-ended questionnaire designed to prompt practical and formal reasoning about parity of the sum of odd and even numbers. This study employs a qualitative research design. Written responses of the participants were analyzed using thematic analysis and classified according to mathematical epistemic reasoning. Practical epistemic reasoning highlights the process of inquiry and validation of mathematical concepts such as establishing mathematical idea through testing, observing, and verifying results while formal epistemic reasoning highlights on constructing valid arguments and generalization following certain rules and established mathematical ideas. The result of this study generally implies that elementary school students’ reasoning regarding the parity of the sum of even and odd numbers highlights on how learners shift from simple pattern recognition to operational understanding and formal justification. Finally, the findings of the manuscript may provide help among individuals in improving teaching strategies in understanding, reasoning, and active learning in mathematical concepts.
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1. INTRODUCTION 

Exploring on mathematical epistemologies of students in validating mathematical concepts is gaining attention among teachers, educators, and researchers for it is important in promoting deep conceptual learning. Generally, epistemology as defined by Sandoval (2004) is the branch of philosophy that is concerned with the study of knowledge. Within the context of mathematics, epistemology is defined as the branch of philosophy that is concerned with the nature, origin, and validation of mathematical knowledge, that includes questions about the existence of mathematical objects, the basis of mathematical truth and how we acquire mathematical understanding (Ernest, 1991). In a practical sense, it talks about what and how mathematical concepts was discovered, evaluated, and justified by means of trial-and-error investigation and observing patterns to make generalization. In a classroom setting, students are usually exposed to varied epistemic stances ranging from practical to formal mathematical epistemology. Practical mathematical epistemology focuses on knowledge generation, communication, justification, and application of mathematical knowledge in  in real-world practices rather than only discussing abstract knowledge or its logical foundations but examines or emphasizes that mathematical knowledge is shaped by the learners’ situational needs, social norms, and historical backgrounds (Carter, 2025; Tytko et al., 2023). In simpler terms, the focus shifts from rote memorization of concepts to understanding the foundation of knowledge by verifying through trial-and-error and looking for patterns and rules that apply generally. On the other hand, formal epistemology refers to the established concepts and principles, logical frameworks and organized rules typically followed by experts of the field, often rooted in curricula and textbook representations (Kelly, et al., 2012; Elby & Hammer, 2001). In other terms, this mathematical reasoning focuses on building knowledge systematically from precise definitions, established rules and every concept must be justified by well-known proven statements.

In this current study, it aims to know the mathematical epistemologies of Grade 6 students in validating the parity of the sum of even and odd numbers that will help in understanding how students applied their learning experiences in mathematics. The epistemic stances are examined through grade 6 students’ tries to validate the parity of the sum of two odd, two even, and combination of even and odd numbers using trial and error investigation. The verificatory task utilized in this study is for students to provide 5 pairs of odd numbers, 5 pairs of even numbers and 5 pairs of the combination of even and odd numbers that requires them to give observations, notice patterns and provide a generalization. This activity established the experimental basis of students’ mathematical reasoning.

Knowledge about number is a fundamental idea of mathematics and is as old as human prehistory (De Paiva, 2019). Undeniably, its function has progressed along with the development of human race and modernization due to technology and one of the earliest topics in mathematics is the concept of even and odd numbers.  Ancient mathematicians like Plato, Pythagoras, and Aristotle considered the concept of odd and even numbers as one of the basic principles of nature. For example, the Pythagoreans attach the meaning of even numbers for feminism and odd numbers for masculine, (Zazkis, 1998). 

Students’ work with odd and even was used as powerful in investigation of high school students’ reasoning (Edwards, 1992). Further, the National Council of Teachers (NCTM, 2020) recognizes understanding of number properties – including parity, as an essential concept for mathematical readiness and proficiency. In this regard, understanding the parity of even and odd numbers is an essential concept in mathematics that lays the groundwork for more advanced topic. Hence, this area must be well understood by students in the elementary level because if not there might be a big problem in the conceptualization of a higher level of knowledge in mathematics. Additionally, according to Ball (1993) in his discussion of pedagogical dilemmas in teaching third grade students, ideas regarding even and odd numbers is an important concept to be tackled. In his study, he has stated that Mathematics is after all, a domain in which there are right answers however good teachers respect children’s ideas and they can think big and complicated concepts. With this, it can be said that as early as grade school, children have their own epistemological stances of the topics in mathematics. 

It was also noted by Isler, Stephens and Kang (2016) that problems involving exploration of even and odd numbers can provide a good context to start engaging students in justification and proof. Moreover, having students work with recording patterns they notice in tables can support their development of definitions of even and odd numbers, which can help them construct generalizations. Despite the given significance on knowing epistemological stances of grade 6 students regarding parity of odd and even numbers, according to Zazkis (1998) this topic was perceived as not rich enough to become the main content focus of any research. Additionally, it has been reported by Francisco (2013) that there is a need for more studies investigating students’ epistemological knowledge or beliefs about mathematics and observes that many findings regarding school students are assumed to be true only because they are found to be true for university students and not because they originate from empirical research involving school-age students. Accordingly, an increasing body of work explores students’ epistemic reasoning with an aim of fostering students’ ability to engage authentically in sensemaking discourse and knowledge construction (Gonzalez-Howard & McNeill, 2020). Subsequently, this study focuses on knowing the epistemological knowledge of grade 6 students on the concepts regarding parity of the sum of even and odd numbers.

This study addresses an important and underexplored area in mathematics education, specifically students’ epistemological reasoning at the elementary level. By focusing on Grade 6 learners and their understanding of parity through exploratory tasks, thus it contributes valuable insights into how mathematical reasoning develops from practical to formal epistemic stages. Moreover, the research is significant because it highlights the capability of young learners to construct generalizations through pattern recognition and example-based reasoning. Additionally, the findings have strong pedagogical implications for designing inquiry-based mathematics instruction that promotes deeper conceptual understanding. Through this, teachers are encouraged to innovate instructions that triggers/activates students’ knowledge and prepare activities that will enhance their involvement in learning that focuses on both conceptual knowledge, computational proficiency, and procedural skill mastery. 
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The objective of the study is to examine the students’ mathematical epistemology. Specifically, it aims to explore and categorize “epistemic stances” of Grade 6 students from Madaya Elementary School, Maguing, Lanao del Sur, Philippines when validating the parity of the sum of two even, two odd and combination of even and odd numbers.
 
2.1 Theoretical framework

This study is grounded in the intersection of the concepts of mathematical epistemology and the theory of didactical situation offering a wide-range view of investigating and understanding the epistemic stances during the validation of the parity of the sum of two even, two odd and combination of even and odd numbers.
Mathematical epistemology is defined as the branch of philosophy that is concerned with the nature, origin, and validation of mathematical knowledge, that includes questions about the existence of mathematical objects, the basis of mathematical truth and how we acquire mathematical understanding (Ernest, 1991). In mathematics education, this idea focuses and discovers on how learners acquire, conceptualize and understand mathematical knowledge. In the present study, mathematical epistemology serves a guide to a deeper mathematical reasoning that involves logical thinking for verification, evaluation and generalization of mathematical concepts.
Students’ engagement with mathematical reasoning utilizes epistemic stances which may also be linked with Brousseau’s theory of didactical situations (TDS) in which students construct their own knowledge not because they were taught, but because of the logic that he found himself pushed through a new situation to a certain understanding (Yuliani, 2016). It simply means that in this context, they are given the opportunity to build their own knowledge, to learn independently and take responsibility of their own learning because they already have the essential epistemic resources needed in the given task. Hence, learners may conceptualize or think of their own strategies to find solution to problems based on given patterns or hints.
In view of the concept of the theory of didactical situation, it can be said that student’s epistemological knowledge regarding specific mathematics concepts vary greatly because they have different level of understanding and intellectual ability in conceptualizing mathematics problems. Consequently, the situation on mathematical tasks leads the students’ to use their epistemic resources to learn and be able to look for patterns in solving mathematical problems is essential and must be taken into consideration so they will be able to become creative and critical thinkers. Further, within the context of mathematical epistemologies of students, they are put in the situation where they are given the chance to explore and be able bring out their own idea or knowledge about a certain topic. As it was noted by Glassersfeld (1995), knowledge is not passively received but built up by the cognizing subject.
 

2.2 Conceptual framework

Figure 1 shows the conceptual framework that will guide this study in exploring the mathematical epistemology of Grade 6 students in validating the parity of the sum of two even numbers, two odd numbers, and combination of even and odd numbers. The framework explains how an activity of exploration and validation of mathematical statements conveys epistemic stances of grade 6 students through their mathematical reasoning processes, connecting new ideas to prior knowledge, and making generalization of observed patterns.

The conceptual framework for this study evolved around the verification of grade 6 students in solving for the parity of the sum of even and odd numbers, which establishes the epistemic situations of the task, that involves analyzation, verification, and generalization of mathematical statements. This activity stimulates students’ epistemic resources, such as prior mathematical knowledge, students’ learning experiences, and their epistemological beliefs.

The said epistemic resources allow students to participate in epistemic processes which involves giving of examples, observation of the parity pattern, forming of generalization and justification. Participation in these processes brings out epistemic reasoning patterns namely practical epistemic reasoning characterized by students’ particular knowledge or own epistemologies and formal epistemic reasoning characterized by the use of mathematical verification and validation through examples and definitions as provided by specialists of mathematics.  

In general, the framework emphasized on how exploration and validation activity impact students’ epistemic reasoning by means of stimulation of epistemic resources and involvement in epistemic processes enables students to analyze, formulate generalization and provide justification of their answers. These essentials stipulate a comprehensive understanding of their practical and formal epistemologies as grade 6 students that can be able to validate given mathematical tasks.




Parity of Even and Odd Numbers Validation Task Framing
Verification of a + b = c where a is odd, b is even, and the parity of c is to be determined using varying parity combinations assigned to a and b

Students’ Epistemic Resources 
· Prior Mathematical Knowledge
· Student’s Learning Experiences
· Epistemological Beliefs
Epistemic Processes
· Giving of Examples of Even and Odd Numbers
· Parity Pattern Observation in the Examples
· Generalization and Justification
· 
Epistemic Reasoning Pattern 
· Practical Epistemic Reasoning
· Formal Epistemic Reasoning 















Fig.1. Conceptual Framework
Methodology
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The study employed a qualitative research design to better understand Grade 6 students’ practical epistemologies in exploring and validating the sum of two odd, two even, and combination of even and odd numbers. A qualitative approach was used to have an in-depth understanding into students’ knowledge, reasoning procedures, and validation of conclusions regarding the sum of even and odd numbers (Tashakkori, A., & Teddlie, C., 2010; Creswell & Poth, 2018). This design allowed exploration of whether students could use rational evidence and logical reasoning to support their claims and understanding of mathematical statements.

 
2.4 Participants
The study was conducted during the third quarter of the school year 2024 – 2025 at Madaya Elementary School located in Maguing, Lanao del Sur, Philippines.  The school is known for its active participation in academic and extracurricular activities at the division and regional levels.
The participants involved 30 students (nineteen (19) male and eleven (11) female students) with an average age of 12 years old. All public schools utilize the progressive spiraling curriculum that entails that students have basic foundational knowledge of arithmetic numbers. The concept of odd and even numbers was introduced to students as early as Grade 3 providing them with prior knowledge and understanding. This advanced knowledge was taken into consideration during the interpretation of data since prior learning involvements can have an impact on their mathematical epistemic reasoning.
 
2.5 Data gathering

Data collection was done through a classroom-based tasks on sum of the parity of even and odd numbers. To investigate on existing epistemic resources of the students, the teacher did not conduct any formal lecture or explicit instruction on mathematics epistemological approaches in validating the parity sum of even and odd numbers.

The students worked independently to finish the Students’ Mathematics Epistemologies in Validating the Sum of Two Odd, Two Even, and Combination of Even and Odd Numbers (SMEVSN) instrument. The tool involved a verification task with three sets of providing examples and finding the sum of odd numbers, even numbers and combination of odd and even numbers, requiring students to find the sum and document observations of patterns. This activity established the experiential basis for students’ successive reasoning.

Following the verification task, students individually completed Part I of the SMEVSN, a five-item open ended qualitative question framed to examine epistemic reasoning regarding the purpose of example testing, verification and recognition of pattern. Although some initial discussion and queries were permitted to explain task instructions, all written responses were produced individually to reflect students’ personal understandings and justifications. The SMEVSN was developed by the researchers and reviewed by experts in mathematics education to guarantee that the content is aligned and appropriate to the subject matter and to the learning of the students. Following the implementation, the authors organized and collected the data for analysis. 
 

2.6 Data Analysis
The written answers of the students were studied and carefully transcribed using six steps in the methodological approach known as systematic thematic analysis unpacked by Naeem, Ozuem, Howell, and Ranfagni (2023). The first step is to familiarize the data or the written answers of all the students to identify keywords then code selection. The themes were then developed and conceptualized.

Responses were classified into two epistemic reasoning patterns: formal epistemic reasoning and practical epistemic reasoning. Formal epistemic reasoning was characterized by clear coordination between theory and evidence, proper control of variables, validation of theoretical concepts, and meaningful interpretation of experimental error. On the other hand, practical epistemic reasoning refers to the students’ evaluation, justification, and application of knowledge in real world or practical contexts, integrating cognitive understanding with considerations of purpose and action. (Metz, 2011; Sandoval, 2004). 

To make sure that trustworthiness was considered, the data were independently coded by the researchers. Further, to guarantee conceptual clarity and precision of the study’s epistemic outline, two experts in mathematics education have intensely reviewed the coding scheme and grouping assignments. Inconsistencies were discoursed and resolved through consensus, ensuring consistency and credibility of the analysis (Nowell et al., 2017). To provide an eloquent or articulate overview of students’ epistemic involvement across the five questions, the frequencies and percentages of each reasoning pattern were considered and computed.

3. RESULTS AND DISCUSSION 
3.1 Results

Students’ epistemological knowledge in exploring and validating sum of two odd numbers, sum of two even numbers and sum of even and odd numbers was analyzed using their responses to the five open-ended questions and a generalization task (total participants = 30). Responses were grouped thematically and classified as practical epistemic reasoning – characterized by visualization such as manipulatives and diagrams, context-dependent, claims may be accepted or rejected based on evidence established through interaction or series of examples and computational accuracy and formal epistemic reasoning – characterized by thinking and justifying knowledge through pattern-recognition, logical structure, and adherence to explicit universal standards or theory-evidenced based (Strachota, S., et al., 2023; Carter, J., 2024). Table 1 shows the themes formulated from their responses, the frequency, and the representative answers. 

Responses to the first question, “Why do we need to test/verify the a.) sum of two odd numbers, b.) sum of two even numbers, and c.) sum of even and odd numbers?”, showed that 21 students or (70%) discussed that it helps them identify the parity pattern of the sum without solving and 6 students (20%) answered that it helps them to easily know and understand parity of the sum. All these responses were categorized as practical epistemic reasoning. On the other hand, there were 3 students or (10%) who did not answer this item.

For the second question, “Why do we need to make use of examples to investigate the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?”, 21 students or (70%) demonstrated practical epistemic reasoning describing examples as a tool to identify pattern and relationship of the sum of two numbers. The remaining 9 students (30%) referred to it as a guide in solving sum of two numbers which was categorized under formal epistemic reasoning. 

In response to the third question, “Why is it important to notice/ observe the pattern/trends and relationship on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?”, all responses were categorized as formal epistemic reasoning. Seventeen students or (56.67%) emphasized that the importance of observing patterns and relationship is for easy prediction of the sum of two numbers. Further, 13 students or (43.33%) highlighting that the importance of observing patterns and relationship helps them to recognize rules and clues in solving sum of numbers. 

With regards to the fourth question, “Can we use examples as valid basis for the construction of generalization/conclusion about the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers? Why?”, 21 students (70%) demonstrated formal/standard reasoning – with 63.33% of them answered that examples can be used as valid basis for the construction of generalization because it helps them in spotting patterns and relationships of numbers and 10.00% emphasized that it can be a tool to test the conclusion. On the other hand, 8 students or (26.67%) displayed practical epistemic reasoning indicating that the use of examples is a valid basis for the construction of generalization because it gives them idea of the correct answer.

Lastly, for the fifth question, “Why do we need to make generalizations/conclusion (generalized statement/sentence) about the patterns/trends observed on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?”, all 30 responses were classified as formal epistemic reasoning. Twenty students (66.67%) highlights that pattern helps them to easily find the sum of numbers even without solving and 10 students (33.33%) emphasized on having a deeper understanding of the concepts, rules and connections of the parity of odd and even numbers.

Overall, students’ approaches across the five open-ended questions were predominantly classified as formal epistemic reasoning, with higher frequencies observed in tasks that involves pattern-recognition and number-relationships on the parity of the sum of two numbers. Approaches categorized as practical epistemic reasoning occurred more frequently in tasks concerning procedural explanations and verification of parity patterns observed.
 








Table 1
Students’ epistemological knowledge in exploring and validating sum of two odd numbers, sum of two even numbers and sum of even and odd numbers
	Question
	Themes of Students’ Answers
	Epistemology
	Number (%) of Students
	Example of Student’s Answer

	1. Why do we need to test/verify the a.) sum of two odd numbers, b.) sum of two even numbers, and c.) sum of even and odd numbers?

	Identify the parity pattern of the sum without solving

	Practical Epistemology
	21 (70.00%)
	“We verify addition odd numbers because we need to recognize if the answer is even with no computation”

“We verify addition of even numbers because we need to check if final answer is even, even without solving”

“We verify addition of even and odd numbers because we need to know that final answer is odd even without computation” 
(Respondent 30)

	
	Easily know and understand parity of the sum
	Practical Epistemology
	6 (20.00%)
	“We need to test the sum of odd numbers so that we can easily identify that answer is even”
“So that it is easier for us to identify the answer will be even”

“So that we can simply identify the sum of even and odd numbers will be odd” 
(Respondent 26)

	
	No answer
	
	3 (10.00%)
	Respondent 22, 23, 29

	2. Why do we need to make use of examples to investigate the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?

	Identify pattern and relationship of the sum of two numbers.
	Practical Epistemology
	21 (70.00%)
	“Using of examples helps me to easily know if there is pattern when adding odd numbers, even numbers and even and odd numbers” (Respondent 30)

	
	Examples serves as a guide to solve sum of numbers

	Formal Epistemology
	9 (30.00%)
	“Gumagamit tayo ng examples to investigate sum of numbers dahil matutulungan tayo nitong mas maintindihan ang pagsolve ng math concepts dahil may guide na tayo sapag add”
“We use examples to investigate sum of numbers because it helps us to understand the concepts needed in solving and it also serves as a guide in adding numbers” 
(Respondent 11)

	3. Why is it important to notice/ observe the pattern/trends and relationship on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?

	For easy prediction of the sum of two numbers 

	Formal Epistemology
	17 (56.67%)
	“It is important to see patterns on the sum of odd, even and sum of even and odd to predict quickly sum of numbers” (Respondent 6)

	
	Patterns helps in recognizing rules and clues in solving sum of two numbers
	Formal Epistemology
	13 (43.33%)
	“Patterns and trends is important to observe because it helps me identify clues and rules to follow to find sum of numbers “
(Respondent 12)

	4. Can we use examples as valid basis for the construction of generalization/conclusion about the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers? Why?

	Examples helps in spotting patterns and relationships of numbers

	Formal Epistemology
	19 (63.33%)
	Examples is be used as valid for making conclusion because it shows pattern and relationship of sum of odd numbers, even numbers and sum of even and odd numbers” 
(Respondent 4)

	
	Examples gives us the idea of the correct answer

	Practical Epistemology
	8 (26.67%)
	“Yes, we can use examples for making conclusion about sum of numbers because examples help me to understand better how to add numbers and so I can know the correct answer” 
(Respondent 15)

	
	Examples can be tool to test the conclusion
	Formal Epistemology
	3 (10.00%)
	“Yes, because examples used as basis for generalization because it makes us test the conclusion if true or false”
(Respondent 7)

	5. Why do we need to make generalizations/conclusion (generalized statement/sentence) about the patterns/trends observed on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?

	To easily find the sum of numbers even without solving
	Formal Epistemology
	20 (66.67%)
	“We need to make conclusion about patterns on sum of odd numbers, even numbers, odd and even numbers because it allows us to have idea of the sum of other numbers even without solving completely” (Respondent 7)


	
	Deeper understanding of the concepts, rules and connections of odd and even numbers
	Formal Epistemology
	10 (33.33%)
	“We make generalizations about the trends we observed because it going to help us identify rules and connections between numbers so we have deeper understanding of lesson” 
(Respondent 15)




3.2 Discussion
 
3.2.1 Why do we need to test/verify the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?
 
Students’ responses to this question emphasized on practical epistemic reasoning that indicates a well-developed orientation toward understanding and analyzation of mathematical concepts.  Majority of the responses suggests that the need to test or verify the sum of two numbers is essential for establishing a foundational mathematical statement that ensures consistency in calculations, that is, if an expected sum’s parity does not match the result, it signals an error in computation. These responses reflect practical epistemic reasoning, characterized by an understanding that in learning concepts of mathematics it goes beyond rote memorization, developing a more meaningful understanding of the context (Schwarz, et al., 2022) and so this verification task thus promote enhancement of procedural fluency and better grasp of related concepts. Prior studies suggest that to let students act as epistemic agents in the learning process it requires supporting their participation in directing and observing knowledge building processes and taking them as classroom members who are responsible for making decisions about the arc of investigation (Damsa, et al., 2010; Ko & Krist, 2019).

Their response is a validation that each learner has its own knowledge and the ability to solve mathematical problems even without prior lecture. In the educational context, integrating epistemic practices and reasoning in mathematics class cultivates students thinking on verifying the parity rules or arithmetic identities. As it was described by Melhuish (2020) that in learning mathematics, reasoning is an essential element because it includes different mathematical activities that involves higher order thinking. Such designs align with calls on mathematics activities that encourages students to pursue critical inquiry and verification of concepts to improve ideas and redirect work based on failures and advances (Akgun, M., & Sharma, P., 2023). 

Clearly, developing epistemic practices and reasoning among elementary students cultivates habits of verification of concepts, where in learners starts to ask “how do I know this answer is true?” rather than simply accepting mathematical statements as correct. Hence, this verification task establishes a routine of checking one’s output  that helps them to trust their own answers.
 
3.2.2 “Why do we need to make use of examples to investigate the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?
 
Students’ explanations to this question further shows that examples serve as their starting point for pattern-recognition, verifying answers, and building justification. This approach is categorized as practical epistemic reasoning where in at an early stage of exploration, learners use different examples to look for consistencies and when they have enough data they form a conjecture. Similar thoughts have been described by Lin and Tsai (2016) that justification/reasoning level of elementary students is mostly at level of reasoning by example. This concept also substantiates the idea that young learners tend to understand mathematical concepts by using specific instances or examples to test if a rule holds true (Strachota, et al., 2023) or to test conjecture based on what they find, they claim that it works for all numbers (Isler, et al., 2016) before they can understand the reason of its existence. Hence, from an epistemological standpoint, using of examples is a fundamental strategy in investigating the parity of the sum because it functions as the “generic representatives” for a general/universal rule. 

The relatively small proportion of responses that indicates examples as of great help in finding relationships among numbers was categorized as formal epistemic reasoning highlights that some elementary students hold an advance epistemological knowledge in mathematics. This concept bridges the gap of practical to formal epistemic reasoning as instances and counterexamples can be used as evidence in the discussion. Accordingly, example based investigation is a foundational epistemic process that allows learners to identify preliminary patterns and make conjectures before proceeding to a formal justification (Stylianides & Stylianides, 2014). From this, students were put in a situation where they apply rational thinking to derive the right solving strategy in each mathematical problem. 

Taken together, the findings implies that if students were given the task to investigate on their own and use their epistemological knowledge for mathematical reasoning they are placed on an active process of learning because they are not simply listening to lectures and memorizing concepts instead their minds are on the process of knowing the correct answer. It has to be taken into consideration that students who are situated as epistemic agents in classrooms play a crucial role in setting forth ideas and goals (Scardamalia & Bereiter, 2003).
 
3.2.3 Why is it important to notice/ observe the pattern/trends and relationship on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?

Students’ explanations on the importance of observing patterns further shows predominantly formal epistemic reasoning. They have revealed that the importance of noticing or observing patterns and relationship on the parity of the sum of numbers is for easy prediction of the answer and because patterns help in recognizing rules and clues in finding the sum. This result suggests that students were able to engage themselves in a computational thinking since they can effortlessly predict the probable answer in each mathematical problem and were able to look for underlying rules in each mathematical sentence. Accordingly, a person who can think computationally can decompose problems involving number patterns into a non-complicated step and identify the underlying relationships of numbers to solve similar problems (Purwasih, Turdmudi & Dahlan, 2024).

From an instructional perspective, this ability of pattern recognition on the parity of numbers reflects a mature epistemological knowledge from elementary students who are still exploring mathematical theories and concepts. These finding is consonant with the explanation of Baiduri (2021) that the analysis is carried out when understanding the problem and making a settlement plan by observing the data provided and analyzing patterns to build a guess. Thus, pattern-recognition from multiple examples or instances becomes the foundation for young learners to justify and formulate general rules about parity sums (Strachota, et al., 2023). This entails that students’ epistemological knowledge on observing patterns in each problem is an important factor to be able to have a deeper understanding of the concepts and be able to have solution plan during the conduct of mathematics activities. 
 
3.2.4 Can we use examples as valid basis for the construction of generalization/conclusion about the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers? Why?
 
Students’ responses to this question demonstrated formal epistemic reasoning when using examples as valid basis for constructing generalization on the concept of parity sum. A significant number of students framed that formulating a generalization or conclusion entails identification of common properties or characteristics across varied examples. This process of generalizing a mathematical statement leads the students to a deeper understanding of mathematical concepts and improves their ability of solving a broader range of mathematical problems. In the context of parity sums (e.g., odd + odd = odd, even + even = even, even + odd = odd), examples become a valid foundation for generalization since students understanding moves from observed evidence (it works for these cases) to structural evidence (it works because of how the numbers are composed). Komatsu & Jones (2022) describes examples as valid basis for generalization when they are representative, structural, and systematically chosen instances, not just randomly collected, making it a logical concept rather than just an inductive guesswork. In parity investigation, it transforms specific occurrences of sums into general rules that holds true for all numbers, bridging practical epistemic reasoning and formal epistemic reasoning.

However, findings in this study contradicts the work of Lin and Tsai (2016) where they have reported that distinct definitions of odd and even numbers made for the students became the warrants for justifying the conclusion of the sum of odd (even) numbers rather than the use of examples or series of examples. This mean that respondents in this study infer examples as valid basis of constructing generalizations while for them, provided definitions of even and odd numbers is enough to make a conclusion. 

From a theoretical point of view, generalization is looking for patterns, creating relationship or rules commonly applicable to different numbers or mathematical concepts (Mason, et al., 2010). In this regard, it can be said that at a point where students were able to understand the problem and starts to look for certain patterns or similarities in the given examples, they are able to give generalizations or conclusions to be used for other related mathematical problems. This process requires students to apply their ability to connect specific situation to a general mathematical rule or principle (Ergan, 2025).

.
 
3.2.5 Why do we need to make generalization/conclusion (generalized statement/sentence) about the patterns/trends observed on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?
 
All student responses to this question were categorized as formal epistemic reasoning, indicating an underpinning transformation of isolated observations into reusable mathematical knowledge. Accordingly, generalization tasks can provide insights into how students make a sweeping statement when engaging in problem-solving activities they are likely to encounter in school mathematics (Ergan, 2025). At this context, generalizing forces a shift from observing “what happens” to understanding “why it happens”. From a theoretical perspective, to state a conclusion, one must recognize the structural property that causes the pattern, deepening conceptual knowledge beyond shallow-level observation (Ellis, et al., 2022; Strachota, et al., 2023).

The findings in this study coincides with the concept presented by Baiduri (2021) that generalization is done by solving problems using observed patterns or relationships, communicating rules using mathematical terms, recording other cases or examples, expanding common trait, generalizing properties, and looking for the same relationship, procedure, and pattern. Majority of the students were able to easily find the sum of numbers being added even without solving because they were able to see patterns in the investigation of parity sum. It was affirmed by Hofer and Pintrich (2002) that examples can help in constructing a generalization/conclusion when paired with instruction on logical reasoning and the limitations of inductive evidence. Thus, it can be said that examples play a crucial role in moving from practical epistemic reasoning to the formal epistemic reasoning of the students. 

From an epistemological point of view, it indicates that their knowledge on mathematical reasoning and formulation of generalization is not as novice as what we expect from them. It is only a matter of how knowledge is boosted in their minds. Hence, giving importance on assessing students’ reasoning is a form of understanding how they make generalization/conclusion and why they think their mathematical statements are correct (Lannin and Elliot, 2011).
 
 

3.3 Limitations of the study
 
This research work was restricted to its context-specific sample of 30 Grade 6 students - characterized to be from a specific group or setting which means results may not generalize to all learner populations or instructional contexts. The respondents’ prior exposure to arithmetic numbers and other mathematical concepts may differ from other group of students from the same grade level, still, it may influence their way of epistemic reasoning. Therefore, the findings in this study may not reflect the same epistemic reasoning of other group of students exposed to different learning situation. 
 
Another limitation is that the data in this study was primarily gathered by means of written responses to an open-ended question which may mean that these captured articulated reasoning, validation, and generalization of mathematical concepts may not reflect real-time cognitive processes during mathematical investigation and exploration. Moreover, there were students who were not able to provide an answer to some of the questions, which could affect the findings of the study. 

Further, this study only focuses on the concept of the parity of the sum of two odd numbers, two even numbers, and combination of even and odd numbers which entails that students epistemic reasoning was limited to this context. 

Lastly, in terms of thematic coding, while great effort has been placed to ensure consistency in categorizing responses as practical or formal epistemic reasoning, the coding process is still subject to potential researcher bias.

Future studies could address these limitations by including participants from diverse educational backgrounds with different learning exposure to mathematical concepts and incorporating other concepts of mathematics such as fractions, the four fundamental operations, basic geometry, and other elementary math concepts. 


4. CONCLUSION
 
This study examined the practical epistemology of Grade 6 students on finding the sum of two odd, two even, and combination of even and odd numbers using the five open-ended guide questions. The results suggested that responses of the students yielded to their practical epistemology concerning to giving of examples and verifying the parity of the sum of even and odd numbers. Formal epistemic reasoning was evident in responses associated to identification of patterns and formulation of generalization. These findings implies that students were able to connect pattern observations with theoretical concepts and knowledge is being actively constructed rather than passively received. This exploration into the parity sum of even and odd numbers reveals far more than simple arithmetic rules. Through systematic utilization of instances/examples and pattern-recognition, students shifts from an isolated observation to powerful formulation of generalization. In addition, this research study predominantly demonstrates how examples serve as valid evidence when it is used to reveal underlying structure in mathematical context bridging the gap between practical reasoning and formal reasoning.

At the core of this study, it concludes that even elementary school students can analyze mathematical problems, re-check or verify answers if it is right or wrong and lastly formulate generalization based on the patterns observed. Seemingly, it aims to eliminate the notion that younger students are simply receivers of knowledge because in fact they can be contributors of information. With this, it can be recommended that teachers must design mathematics activities that involves analyzing, verifying, and formulating conclusion or generalization because through these activities, students are being prepared to a higher level of thinking. 
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APPENDIX


Name: 	_______________________________________ Grade: _______________

[bookmark: _Hlk209623011]Students’ Mathematics Epistemologies in Validating the Sum of Two Odd, Two Even, and Combination of Even and Odd Numbers (SMEVSN) Questionnaire

Instruction: The following tasks require you to perform the sum of two odd, two even, and combination of even and odd numbers. Write your answer clearly and legibly on the space provided for each number 1 to 5. Use the examples as your guide.  
Task 1
	                                      Observations
Instruction: In order to be organized in your observations, please perform/do what is asked in observations numbers1, 2, and 3 shown below.
	Generalization
4.Look at observations numbers 1, 2, and 3. Take notice of any pattern. Base from the pattern that you observe, construct/write generalize statement/sentence about the pattern.

	1. Make 5 pairs of odd numbers
	2.Add each pair of odd numbers.
	3.What is the sum? Is it even or odd?
	

	Example:
	1 and 3
	1+3 = 4
	Even
	

	
	11 and 25
	11+ 25 = 36
	Even
	

	1)
	
	
	

	2)
	
	
	

	3)
	
	
	

	4)
	
	
	

	5)
	
	
	



Task 2
	                                    Observations
Instruction: In order to be organized in your observations, please perform/do what is asked in observations numbers1, 2, and 3 shown below.
	Generalization
4.Look at observations numbers 1, 2, and 3. Take notice of any pattern. Base from the pattern that you observe, construct/write generalize statement/sentence about the pattern.

	1. Make 5 pairs of even numbers
	2.Add each pair of even numbers.
	3.What is the sum? Is it even or odd?
	

	Example:
	2 and 4
	2+4 = 6
	Even
	

	
	12 and 20
	12+ 20 = 32
	Even
	

	1)
	
	
	

	2)
	
	
	

	3)
	
	
	

	4)
	
	
	

	5)
	
	
	


Task 3
	                                Observations
Instruction: In order to be organized in your observations, please perform/do what is asked in observations numbers 1, 2, and 3 shown below. 
	Generalization
4.Look at observations numbers 1, 2, and 3. Take notice of any pattern. Base from the pattern that you observe, construct/write generalize statement/sentence about the pattern.

	1.Make 5 pairs of even and odd numbers
	2.Add each pair of even and odd numbers.
	3.What is the sum? Is it even or odd?
	

	Example:
	2 and 5
	2+5 = 7
	Odd
	

	
	12 and 21
	12+ 21 = 33
	Odd
	

	1)
	
	
	

	2)
	
	
	

	3)
	
	
	

	4)
	
	
	

	5)
	
	
	





PART I: EPISTEMELOGY
1. Why do we need to test/verify the a.) sum of two odd numbers, b.) sum of two even numbers, and c.) sum of even and odd numbers?
Answer:
a.) ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
b.) ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
c.) __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. Why do we need to make use of examples to investigate the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?
Answer:

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


3. Why is it important to notice/ observe the pattern/trends and relationship on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?
Answer:

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


4. Can we use examples as valid basis for the construction of generalization/conclusion about the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers? Why?
Answer:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


5. Why do we need to make generalizations/conclusion (generalized statement/sentence) about the patterns/trends observed on the sum of two odd numbers, sum of two even numbers, and sum of even and odd numbers?
Answer:
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



