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ABSTRACT 

	
This study examined students’ epistemic reasoning patterns when investigating the product of two integers, focusing on how they approach verification, use examples, identify patterns, construct generalizations, and validate conclusions. Data were collected from student responses to five open-ended questions designed to elicit reasoning about integer multiplication as a mathematical investigation. Responses were analyzed and classified into formal epistemic reasoning (focused on conceptual understanding, pattern recognition, and principle-building) and practical epistemic reasoning (focused on accuracy and error prevention). Findings indicate that students predominantly demonstrated formal epistemic reasoning, with higher frequencies observed in questions related to understanding concepts, identifying properties, constructing generalizations, and establishing mathematical principles. Practical reasoning emerged primarily in contexts centered on correctness and error avoidance, and no instances of epistemic fragmentation were identified. The structured nature of integer multiplication appeared to support coherent reasoning, with students recognizing both the functional utility and theoretical foundations of their investigations. The study highlights the importance of connecting concrete exploration to abstract mathematical principles to foster integrated epistemic reasoning.
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1. INTRODUCTION 

Understanding students’ epistemologies in validating mathematics principles is essential for improving problem solving and meta comprehension. Epistemology, broadly defined as the branch of philosophy concerned with the nature, origin, and justification of knowledge (Kelly, 2021), plays a crucial role in mathematics education. Within this context, epistemological considerations address how mathematical knowledge is generated, evaluated, and validated through logical arguments and proof (Anderson & Krathwohl, 2001; Wilson, 2016). In the present study, emphasis is placed on mathematical epistemology as the normative framework that governs the coordination of established principles and reasoning in the construction and validation of mathematical knowledge (Hofer & Pintrich, 2012).
 
Mathematical epistemology is commonly articulated through two interrelated dimensions: formal (or normative) epistemology and practical epistemology. Formal epistemology refers to the established principles, logical frameworks, and codified rules typically adhered to by mathematicians and experts, often embedded in curricula and textbooks (Elby & Hammer, 2001). In contrast, practical epistemology concerns students’ situated epistemic resources and reasoning-in-action during classroom activities, including how they interpret problems, justify solutions, and evaluate mathematical claims within specific instructional contexts (Greene, Sandoval, & Bråten, 2016).
 
In this study, these epistemological dimensions are examined through Grade 7 students’ attempts to validate the rules governing integer multiplication—particularly those involving negative numbers—within a classroom learning context. A solid grasp of integer multiplication is more than just a procedural skill; it serves as a critical gateway to algebraic thinking and higher-level mathematics encountered in Grade 7 and beyond (Fuadiah, 2015). The instructional tasks and learning environment function as contexts in which students’ epistemic engagement is shaped by task framing, particularly whether activities emphasize rote memorization or invite deeper reasoning about conceptual foundations (Op ‘t Eynde, De Corte, & Verschaffel, 2002).
 
Despite the central role of integer operations in mathematics curricula, limited attention has been given to how early secondary students—particularly those at the Grade 7 level—engage in epistemic reasoning during the validation of mathematical concepts. Students at this stage are still developing mathematical reasoning skills, yet are increasingly expected to coordinate formal rules with intuitive understanding (Veldt, 2006). This study addresses this gap by examining how students engage in key epistemic processes, such as justifying solutions, evaluating claims, and reconciling intuitive reasoning with formal mathematical principles while validating integer multiplication.
 
Prior research indicates that students’ epistemological beliefs influence how they interpret mathematical concepts, judge the validity of solutions, and coordinate formal rules with evidence (Hofer, 2000). Studies of epistemic cognition further show that students draw upon a range of epistemic resources—including prior knowledge, intuitive understandings, and beliefs about mathematics—when engaging in learning environments (Barzilai & Chinn, 2020). In mathematics education, epistemic beliefs have been linked to learning approaches, procedural proficiency, and conceptual understanding (Dignath & Veenman, 2021). However, much of this work has focused on general epistemological orientations rather than on task-specific epistemic reasoning patterns manifested during concept validation.
 
Moreover, although some studies have examined student difficulties with integer operations (Fuadiah, 2015) or explored broader mathematics learning challenges (Skemp, 2006; Schoenfeld, 1985), fewer investigations have focused on the underlying epistemological factors contributing to these challenges, particularly within localized educational contexts. This gap is especially evident in the Philippine setting, where existing research has largely emphasized instruction and curricula rather than students’ epistemic engagement and reasoning during mathematical validation (Hardy & Tolhurst, 2013).
 
By situating epistemological inquiry within a specific instructional and cultural context, the present study seeks to illuminate how Filipino public high school students engage in epistemic processes while validating integer multiplication. Through analysis of students’ justifications, use of examples, and responses to conflicting information, the study aims to identify epistemic reasoning patterns that emerge from tasks designed to elicit reasoning about integer multiplication. Further, it seeks to promote student agency through intentional mathematical task design (Akgun & Sharma, 2023). The findings are expected to have important implications for mathematics educators, curriculum developers, and educational researchers seeking to design epistemically rich learning environments that move beyond procedural instruction toward authentic mathematical reasoning (Cho & Jonassen, 2002).
 
 Ultimately, the knowledge gained from this exploration is anticipated to equip educators, curriculum developers, and policymakers with the resources necessary to design more effective pedagogical approaches that explicitly foster conceptual understanding alongside procedural proficiency. By understanding prevalent epistemic reasoning patterns, it becomes possible to design instructional interventions and curricular materials that facilitate a more sophisticated and integrated understanding of integer multiplication. The findings are expected to provide crucial evidence to craft strategies that foster deeper mathematical understanding and equip students with the epistemological tools necessary to engage in genuine mathematical reasoning and effective problem-solving throughout their academic careers. The ultimate aim is to foster a learning environment where students not only memorize but also understand, critically analyze, and confidently apply mathematical principles in a range of contexts.

Methodology
 
[bookmark: _Hlk226395151]2. RESEARCH OBJECTIVES
The purpose of this study is to investigate the mathematical epistemology of Grade 7 students in validating the rules governing integer multiplication. Specifically, the study aims to explore the epistemic reasoning patterns of Grade 7 public high school students from Ansano Memorial National High School, Taraka Lanao del Sur when justifying and validating integer multiplication rules.
 
2.1 Theoretical framework
[bookmark: OLE_LINK1]This study is grounded in the intersection of mathematical epistemology, epistemic cognition, and mathematics education, providing a lens to understand how students reason about mathematical knowledge and validation (Hofer & Pintrich, 2002).
 
Mathematical Epistemology refers to the norms, criteria, and practices by which mathematical knowledge is generated, validated, and justified—including logical deduction, proof construction, and the coordination of definitions with examples (Stylianides, 2007). In mathematics education, these norms define what counts as acceptable justification when evaluating mathematical claims. This study treats mathematical epistemology not as a fixed standard but as an analytic tool to distinguish between reasoning that aligns with disciplinary practices and reasoning that remains intuitive or disconnected from formal principles (Chinn et al., 2011).
 
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]Epistemic Cognition encompasses how learners reason about knowledge and knowing in action during mathematical activity (Greene et al., 2016; Sandoval, 2005). Drawing on Elby and Hammer’s (2001) framework, the study distinguishes between: Formal epistemic reasoning: Characterized by explicit coordination of definitions, logical principles, and evidence to justify claims. And practical epistemic reasoning: Context-sensitive, experience-based reasoning that may draw on intuition or everyday knowledge.
 
Epistemic fragmentation—defined as misalignment between intuitive reasoning and formal mathematical norms—is not framed as a deficit but as a common intermediate stage in epistemic development, where students negotiate connections between personal sense-making and disciplinary standards (Barzilai & Chinn, 2018; Muis et al., 2006).
 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Instructional Context and Task Framing play a critical role in shaping students’ epistemic engagement (Op ‘t Eynde et al., 2002; Schoenfeld, 2023). Tasks that emphasize procedural application may lead students to view mathematics as a set of fixed rules, while tasks that invite justification and exploration can foster deeper engagement with epistemic aims such as model validation and reasoning (Hiebert & Grouws, 2007; Stylianides & Stylianides, 2014).
 
2.2 Conceptual framework
[bookmark: OLE_LINK8]The study’s conceptual framework (figure 1) centers on how validation-oriented tasks for integer multiplication shape Grade 7 students’ epistemic engagement and reasoning patterns. These tasks emphasize justifying claims, evaluating evidence, and connecting rules to mathematical definitions rather than procedural mastery (Wilson & Berne, 1999). Students draw on epistemic resources including prior mathematical knowledge, student’s learning experiences, epistemological beliefs about mathematics, and intuitive reasoning rooted in everyday experiences  (Vlassis, 2004). 
As they engage in core processes—such as testing rules with examples, connecting concepts to representations, justifying arguments, and evaluating reasoning—students demonstrate two primary patterns: practical epistemic stances (isolated, intuitive, or inconsistent reasoning) or formal epistemic stances (coherent coordination of formal principles and justification). 
Overall, the framework illustrates the flow from task framing through resource activation and epistemic processes to observable reasoning outcomes, as visualized in the following figure: 

Multiplication of Integer Validation Task Framing
(Verification of through trial and error exploration with varying side parity combinations)
Students’ Epistemic Resources 
· Prior Mathematical Knowledge
· Student’s Learning Experiences
· Epistemological Beliefs
· Intuitive/Concrete Reasoning
Epistemic Processes
· Example Testing & Generalization 
· Numerical Testing and Parity Pattern Observation
· Generalization and Justification of Findings
Epistemic Reasoning Pattern 
· Epistemic Fragmentation
· Formal Epistemic Reasoning 















Fig.1. Conceptual Framework
  
[bookmark: _Hlk221110936] 2.3 Research design
This study employs a qualitative research design to explore Grade 7 public high school students’ mathematical epistemologies during the validation of integer multiplication rules. A qualitative approach is chosen to capture in-depth insights into how students justify, reason about, and validate mathematical principles—including their coordination of examples, rules, and conceptual understanding—consistent with methods used to study epistemic reasoning in educational contexts (Creswell & Poth, 2018). This design allows analysis not only of whether students can validate integer multiplication rules but also how they connect practical investigation to formal mathematical knowledge.
 
2.4 Participants
 The study was conducted during the fourth quarter of the 2024–2025 academic year at the Junior High School Department of Ansano Memorial National High School, in Taraka, Lanao del Sur, Philippines. A total of 28 Grade 7 students (8 males and 20 females; mean age = 13 years) participated in the study. Participants were Grade 7 students, representing diverse learning backgrounds and prior exposure to integer operations. All participants will have completed foundational arithmetic courses, providing them with basic familiarity with whole-number multiplication and introductory lessons on integers. The public school context ensures the sample reflects typical instructional conditions for early secondary mathematics in the Philippines, addressing gaps in prior research on diverse educational settings (Wei & Woodin, 2018).
 
2.5 Data gathering
Data collection will be embedded within a guided classroom investigation on integer multiplication. No explicit instruction on the theoretical basis of integer multiplication rules (e.g., sign conventions, parity of products) will be provided immediately before the activity to capture students’ existing epistemic resources.
Phase 1: Practical Investigation
Students were asked to complete the Students’ Epistemologies in Validating Multiplication of Integers Questionnaire (SEVMIQ). This instrument includes two tasks:
[bookmark: OLE_LINK3]Task 1: Solve six integer multiplication problems (covering even-even, odd-odd, and mixed-parity pairs) and determine the sign and parity of products, using provided examples as a starting point.
[bookmark: _Hlk221084780]Tasks 2: Explore patterns in products and justify their reasoning for observed rules.
Phase 2: Epistemic Reasoning Assessment
Following the investigation, students will individually complete the Students’ Practical Epistemologies in Validating Multiplication of Integers (SPEVMI)—a set of five open-ended questions designed to elicit their reasoning about the purpose of validation, pattern recognition, rule justification, and the nature of mathematical knowledge. 
The instruments were validated for face and content relevance by experts in mathematics education and educational philosophy, ensuring alignment with the study’s focus on epistemological beliefs and validation processes.
 
2.6 Data Analysis
Students’ written responses from both instruments will be transcribed verbatim and analyzed using thematic analysis (Braun & Clarke, 2006). Initial coding will focus on identifying themes related to students’ justifications, use of examples, and interpretations of integer multiplication rules. Responses will be classified into two epistemic categories, as defined 
Formal/Standard Epistemology: Reasoning aligned with professional mathematical practices (e.g., logical deduction, reference to formal rules, emphasis on proof).
Practical Epistemology: Context-sensitive, experience-based reasoning (e.g., reliance on specific examples, intuitive patterns, procedural explanations). 
To ensure trustworthiness, data will be independently coded by two researchers, with category assignments reviewed by three experts in mathematics education. Discrepancies will be resolved through consensus, and frequencies of each reasoning pattern will be calculated to provide a descriptive overview of students’ epistemic engagement.

3. RESULTS AND DISCUSSION 
3.1 Results
[bookmark: _Hlk221574519]Students’ epistemic reasoning regarding integer products was analyzed using their responses to open-ended questions (N=28). Responses were grouped thematically and classified as formal epistemic reasoning or epistemic fragmentation. Table 1 presents the distribution of themes, reasoning patterns, frequency, and representative answers.  
 
Responses from the first question “Why do we need to investigate (test /verify) the product of 2 integers?”, exhibited that 16 students (57.1%) stated to error verification for accuracy, and 4 students (14.3%) emphasized exploration for mastery; the two responses were categorized as formal epistemic reasoning. In contrast, 8 students (30.3%) highlighted understanding the product rules and parity of integers classified as epistemic fragmentation. 
 
For the second question, “Why do we need to make use of specific examples to investigate (test/verify) the product of two integers?”, 10 students (35.7%) defined clarity and understanding, another 7 students (25%) focused on proving the concept/principles by example, , and 5 students (17.9%) confirm pattern identification were categorized as formal epistemic reasoning. While 6 students (21.4%) mentioned detect and avoid error as classified as epistemic fragmentation. 

Regarding the third question, ‘Why do we need to take notice/observe the patterns/trends and relationships in investigating the product of two integers through using the examples.”, 6 students (21.4%) highlighted help understanding the concept, 5 students (17.9%) revealed identify multiplication properties, and 1 student (3.6%) mentioned identifying multiplication and division relationship of numbers were categorized as formal epistemic reasoning In contrast, 11 students (39.3%) indicate obtain the correct answer and 5 students (17.9%) confirm prevent error; these responses were categorized as epistemic fragmentation. 

In response to the fourth question, “a) Can  we consider  the  use of examples as valid basis of constructing  generalization/conclusion on   the  product  of two integers? and    b)Why?”, 10 students (35.7%) show use of example are valid basis for constructing generalization, and 9 students (32.1%) described serving as pattern for recognition. Both are categorized as formal epistemic reasoning. In contrast, 4 students (14.3%) focused examples are limited, and 5 students (17.9%) emphasized examples are valid if correct, were categorized as epistemic fragmentation. 

Finally, for the fifth question, “Why do we need to  make/construct generalizations/conclusions (generalized statement/sentence)  on   the  product of two  integers?”,  13 students (46.6%) referred help in understanding the concept of multiplication of integers, 7 students (25%) provided establishing patterns as guide in multiplication of integers, and 8 students (28.6%) discussed have general laws use to understand the principle were categorized as formal epistemic reasoning and none of the responses was categorized as epistemic fragmentation.  

Overall, students’ responses across the five questions on the multiplication of integers were predominantly classified as formal epistemic reasoning, with higher frequencies observed in questions related to understanding concepts and rules, identifying properties and patterns, constructing generalizations, and establishing mathematical principles. Practical epistemic reasoning was less frequent, appearing primarily in questions concerning error verification, obtaining correct answers, and addressing limitations or accuracy of examples.—all focused on either formal conceptual development or practical application of integer multiplication concepts.
 
Table 1
Students’ Understanding on Practical Epistemologies Knowledge in Exploring and Validating Multiplication of Integers
[bookmark: _Hlk220532120]
	Question
	Themes of Students’ Answers
	Number (%) of Students
	Example of Student’s Answer

	1. Why do we need to investigate (test /verify) the product of 2 integers?
	Error Verification for Accuracy 
	16 (57.1%)
	“We need to investigate (test/verify) the product of 2 integers to ensure accuracy, detect errors.” (Respondent 4)

	
	Understanding the Product Rules and Parity of Integers. 
	8 (28.6%)
	“We need to investigate it to understand if the product is even or odd cause if you will multiply, you need to see or investigate the final answer to see if it’s positive or negative and even or odd.” (Respondent 17) 

	
	Exploration for Mastery
	4 (14.3%)
	“To master multiplication and explore concepts like prime factors, greatest common divisors (GCDs) and least commom multiples (LCMs). (Respondent 10)

	1. Why do we need to make use of specific examples to investigate (test/verify) the product of two integers?
	Clarity and Understanding 
	10 (35.7%)
	“Provide concrete context for understanding abstract mathematical concepts.” (Respondent 28)

	
	Proving The Concept/Principles by Example
	 7(25%)
	“Pagpapatunay ng katotohanan ang mga halimbawa ay nagpapatunay ng katotohanan ng mga formula at teorya.” (Examples proves the truth formulas and theories.) (Respondent 3)

	
	Detect and Avoid Error
	6 (21.4%)
	“Identifies mistakes in calculation or algorithm application.” (Respondent 5)

	
	Pattern Identification
	5 (17.9%)
	“Pattern identification: specific cases reveal patterns and properties.”(Respondent 10)

	1. Why do we need to take notice/observe the patterns/trends and relationships in investigating the product of two integers through using the examples.
	Obtain the Correct Answer 
	11 (39.3%)
	“For me, kailangan e observe ang pattern dahil minsan may mga answer na akal mo check pero hindi pala so, we need it to get the right answer to the question and also para din matutunan natin ang pag sosolve dito.”  (For me, it is necessary to observe there are answers that seem correct but are actually not. So, we need it to get the right answer to the question and also to learn how to solve it.) (Respondent 21)

	
	Help Understanding the Concept
	6(21.4%)
	“Ang mga pattern or trend ay tumutulong sa pagtturo at pag aaral ng mga studyante” (Patterns and trends aid in the teaching and learning process for students.) (Respondent 2)

	
	Identify Multiplication Properties 
	5 (17.9%)
	“To see if the product is positive or negative and if it’s odd or even.” 
 (Respondent 17)

	
	Prevent Error
	5 (17.9%)
	“Kailangan makuha ang pattern ng katatanongan dahil isa yun sa paraan para mapabilis ang sagot at maunawaan ng mabilis at maiwasan ang pagkakamali.”(It is necessary to recognize  the pattern of the question because it is one of the ways to answer quickly, understand easily and avoid mistakes.)
 (Respondent 22)

	
	Identifying Multiplication and Division Relationship of Numbers 
	1 (3.6%)
	“Prime numbers, composite numbers, even/odd numbers and multiplication and division relationship.”
Respondent 5)

	1. a) Can  we consider  the  use of examples as valid basis of constructing  generalization/conclusion on   the  product  of two integers? and    b)Why?
	Use of Examples are Valid Basis for Constructing Generalization

	10 (35.7%)
	““a. yes b. it is also important for validity of getting generalization because if we didn’t give examples it can takes so much time for the student tocomprehend the solution or the questions of the topics”Respondent 19)

	
	Examples are Limited
	4 (14.3%)
	“a. Hindi pwede nating gamitin ang mga halimbawa lamang bilang pangunahing batayan para sa pangkalahatang generalisasyon o konklusyon tungkol sa product ng dalawang integer. Limitadong representasyon. Ang mga halimbawa ay limitado lamang” (Respondent 2)

	
	Examples are Valid if Correct
	5 (17.9%)
	“a. yes b. Examples are valid if correct.”
 (Respondent 13)

	
	Serving as Pattern for Recognition
	9 (32.1%)
	“a.yes b. kasi ang example ay parang pattern natin yon at basehan sa generalisasyon”  “(a. yes b. because examples is like our pattern and it is our basis in generalization.) (Respondent 8)

	1. Why do we need to  make/construct generalizations/conclusions (generalized statement/sentence)  on   the  product of two  integers?
	Help in Understanding the Concept of Multiplication of Integers

	13 (46.4%)
	“Nakakatulong ang pangklahatang konklusyon sa pag-unawa sa mga konsepto ng pagmumultiplica na integers”  (“It general conclusion helps in understanding  the concepts of multiplying integers.” (Respondent 7)

	
	Establishing Patterns as Guide in Multiplication of Integers
	7 (25%)
	” We need to construct generalization or conclusions on the product of two integers to establish universal truths, identify patterns, and derive broad principles , enabling us to predict outcomes, simplify calculations, and apply mathematical concepts to various situations, fostering understanding, efficiently and accuracy.” (Respondent 4)

	
	Have General Laws Use to Understand the Principle
	8 (28.6%)
	“Para makabuo ng isang pangkahatang patakaran o batas na maaring magamit sa laat ng mga kaso, at upang masimple at mas mabilis maunawaan at maaplikahan ang konsepto.”  (To formulate a general rule or law that can be applied to all cases and to make the concept easier and faster to understand and apply.” (Respondent 27)




3.2 Discussion
 
3.2.1 Why do we need to investigate (test/verify) the product of 2 integers?
 
Mathematical knowledge, by its epistemological nature, requires validation to establish its certainty and coherence with established principles (Stylianides, 2007). Investigating the product of two integers addresses a core concern in mathematical epistemology: ensuring that rules are not merely memorized but grounded in logical consistency and alignment with foundational mathematical definitions. As emphasized in the present study, integer multiplication serves as a gateway to algebraic thinking (Fuadiah, 2015), so verification is critical to preventing epistemic fragmentation—where intuitive reasoning conflicts with formal norms (Barzilai & Chinn, 2018). From a disciplinary standpoint, the act of investigation reflects the normative practices of mathematicians, who rely on systematic testing to confirm or refine claims (Wilson, 2018). In educational contexts, such investigation also shapes students’ epistemological beliefs, moving them from viewing mathematics as a set of arbitrary rules to understanding it as a reasoned discipline (Hofer, 2000).
 
Beyond disciplinary and cognitive purposes, investigating integer products responds to practical and contextual needs in mathematics education. For Grade 7 students in particular, verification helps reconcile everyday intuitions about quantity with the abstract rules governing negative numbers—an area where learners often struggle (Vlassis, 2004). Research by Bofferding (2014) on integer reasoning confirms that students who engage in verification tasks develop more robust conceptual understanding, as they actively coordinate prior knowledge with new mathematical ideas. In the Philippine context, where curriculum often emphasizes procedural proficiency (Hardy & Tolhurst, 2014), investigation provides an opportunity to foster epistemic agency, encouraging students to question, test, and take ownership of mathematical knowledge (Akgun & Sharma, 2023). This aligns with the goal of designing epistemically rich learning environments that connect conceptual understanding to real-world application (Cho & Jonassen, 2002).
 
3.2.2 Why do we need to make use of specific examples to investigate the product of two integers?
 
[bookmark: _Hlk223387387]Specific examples serve as a bridge between practical epistemic reasoning (rooted in experience and intuition) and formal mathematical norms (Elby & Hammer, 2001). For students, examples provide concrete anchors for abstract concepts, allowing them to activate prior knowledge and everyday sense-making to engage with integer multiplication (Vlassis, 2004). As noted in the theoretical framework, epistemic cognition is situated and context-dependent (Greene et al., 2016); examples create a familiar context where students can observe how rules operate in tangible cases. Studies by Stylianides and Stylianides (2014) highlight that example-based investigation is a foundational epistemic process, enabling learners to identify preliminary patterns and build conjectures before moving to formal justification. In the context of integer multiplication, examples such as “3 × 4 = 12” or “-2 × 5 = -10” help students move beyond rote recall to connect rules to meaningful representations of quantity.
 
Moreover, the use of specific examples aligns with how mathematical knowledge is historically and culturally constructed, as well as how it is taught in diverse settings (Schoenfeld, 2023). For Grade 7 students in Lanao del Sur, examples can be tailored to local contexts—such as counting items in markets or tracking changes in resources—to make abstract rules more relevant (Hardy & Tolhurst, 2013). Research by Martino and Maher (1999) demonstrates that sustained engagement with examples picforts students in developing epistemic resources that enable them to evaluate and justify mathematical claims. Additionally, examples allow for the identification of edge cases (e.g., multiplying by zero or two negative numbers) that test the scope and consistency of rules, a practice central to both formal and practical epistemology (Chinn et al., 2011). By working through specific instances, students learn to distinguish between coincidental results and generalizable patterns, a critical skill for mathematical reasoning.
 
3.2.3 Why do we need to take notice/observe the patterns/trends and relationships in investigating the product of two integers through examples?
 
Observing patterns and relationships in examples is a core epistemic process that connects concrete instances to abstract mathematical principles (Wilson & Berne, 1999). From a disciplinary perspective, pattern recognition is foundational to mathematical discovery and justification, as noted by Stylianides (2007), who argues that identifying regularities in cases is a precursor to constructing formal proofs. For students validating integer multiplication rules, patterns such as “the product of two negatives is positive” emerge through repeated examples, helping them reconcile counterintuitive results with logical consistency (Veldt, 2006). The present study’s conceptual framework emphasizes that pattern observation activates students’ epistemic resources—including prior knowledge and intuitive reasoning—enabling them to move from isolated examples to coherent connections between concepts (Barzilai & Chinn, 2018).
 
Pattern observation also plays a critical role in addressing epistemic fragmentation and shaping students’ beliefs about mathematics (Op ‘t Eynde et al., 2002). When students identify consistent trends across examples, they begin to view mathematical rules as systematic rather than arbitrary, fostering a more formal epistemic stance (Hiebert & Grouws, 2007). Research by Rivera (2013) on pattern-based reasoning in integers shows that students who explicitly analyze relationships between factors and products develop deeper conceptual understanding and are better able to transfer knowledge to algebraic contexts. In the Philippine educational setting, where students may face challenges in transitioning from concrete to abstract mathematics (Hardy & Tolhurst, 2013), pattern observation provides a structured pathway for sense-making, helping students coordinate practical experience with formal disciplinary norms (Akgun & Sharma, 2023). Additionally, recognizing patterns supports metacognition, as students learn to monitor their own reasoning and evaluate whether claims hold across different cases (Dignath & Veenman, 2021).
 
3.2.4 Can we consider the use of examples as valid basis for constructing generalization/conclusion on the product of two integers? And why?
 
While examples are essential for developing conjectures, they cannot alone serve as a fully valid basis for mathematical generalization—this distinction lies at the heart of mathematical epistemology (Stylianides, 2007). Formal mathematics requires justification through logical deduction or proof, as finite examples cannot guarantee that a rule holds for all integers (Chinn et al., 2011). As noted in the theoretical framework, practical epistemic reasoning that relies solely on examples may lead to inconsistent or incomplete conclusions, reflecting a misalignment with disciplinary norms (Elby & Hammer, 2001). Research by Lakatos (1976) on mathematical discovery illustrates how examples can reveal counterexamples that challenge initial generalizations, emphasizing that examples are tools for testing rather than proving claims. In the context of integer multiplication, for instance, testing positive integers alone might lead students to incorrectly generalize that all products are positive, highlighting the limitation of relying solely on specific cases.
 
However, examples play a vital supporting role in constructing valid generalizations, particularly in educational settings (Stylianides & Stylianides, 2014). For Grade 7 students, examples provide the empirical foundation needed to develop plausible conjectures, which can then be refined through logical reasoning or formal proof (Martino & Maher, 1999). The present study’s conceptual framework notes that students draw on examples to activate epistemic resources and build connections between intuitive understanding and formal rules (Vlassis, 2004). Research by Knuth (2002) on secondary students’ proof practices shows that even when students cannot yet construct formal proofs, systematic use of diverse examples—including edge cases—helps them develop more robust and accurate generalizations. In the Philippine context, where curricula often balance procedural and conceptual goals (Hardy & Tolhurst, 2013), examples can serve as a bridge to generalization when paired with instruction on logical reasoning and the limitations of inductive evidence (Hofer & Pintrich, 2012). Thus, while examples are not sufficient on their own, they are a necessary and valuable component of the generalization process.
 
3.2.5 Why do we need to make/construct generalizations/conclusions (generalized statement/sentence) on the product of two integers?
 
Constructing generalizations about integer multiplication is essential to the disciplinary goals of mathematics, as it transforms specific observations into codified principles that can be applied across contexts (Wilson, 2016). From a mathematical epistemology perspective, generalizations serve as the building blocks of formal knowledge, enabling coherence between different areas of mathematics—such as connecting integer multiplication to algebraic expressions and functions (Fuadiah, 2015). As emphasized in the present study, generalizations help students move beyond practical epistemic reasoning to formal stances, where they coordinate definitions, rules, and evidence (Barzilai & Chinn, 2018). Research by Hiebert and Grouws (2007) confirms that students who construct generalizations develop deeper conceptual understanding, as they are able to see the underlying structure of mathematics rather than treating it as a collection of isolated procedures. For Grade 7 students transitioning to higher-level mathematics, generalized rules for integer multiplication provide a stable foundation for learning more complex concepts like polynomials and equations.
 
Beyond disciplinary purposes, constructing generalizations supports students’ epistemic development and prepares them for real-world problem-solving (Cho & Jonassen, 2002). Generalized statements help students recognize that mathematical rules are not context-bound but apply universally, fostering a sense of mathematical power and agency (Akgun & Sharma, 2023). In the Philippine setting, where students may encounter mathematical problems in diverse contexts—from agriculture to commerce—generalizations enable them to transfer knowledge to novel situations (Hardy & Tolhurst, 2013). Research by Dweck (2006) links the ability to construct generalizations to growth mindsets, as students learn to see mathematics as a coherent system rather than a set of disconnected facts. Additionally, generalizations facilitate communication and collaboration in mathematics, as they provide a shared language for discussing and justifying claims (Schoenfeld, 2023). By constructing generalized statements about integer multiplication, students develop both the conceptual understanding and epistemic tools needed to engage with advanced mathematics and apply it in their lives.
 
 
 

3.3 Limitations of the study
 
This study has several limitations that should be considered when interpreting the findings:
 
The study was conducted with a convenience sample of students from a single educational setting, limiting the generalizability of results to other populations, grade levels, or instructional contexts. Participants’ prior exposure to structured mathematics investigations and integer multiplication concepts may have influenced their epistemic reasoning patterns, and findings may not reflect the reasoning of students with different learning experiences or from diverse cultural and socioeconomic backgrounds.

Additionally, data was primarily gathered through written responses to open-ended questions, which may not fully capture students’ real-time cognitive processes or nuanced reasoning during mathematical exploration. Some students may have been able to articulate more sophisticated ideas verbally than in writing, while others may have relied on memorized responses rather than demonstrating their actual understanding.

Another limitation was the study focused exclusively on integer multiplication, a mathematical domain with clear, rule-based patterns. This structured nature may have minimized instances of epistemic fragmentation compared to more complex or abstract mathematical topics (e.g., algebra, geometry) or scientific contexts where intuitive reasoning often conflicts with formal principles. Findings may not extend to other areas of mathematics or interdisciplinary investigations.

Also, the study was cross-sectional, capturing a snapshot of students’ reasoning at a single point in time. It does not provide insights into how students’ epistemic orientations toward mathematical investigation develop over the course of instruction or how prior learning experiences shape their current reasoning patterns.

Lastly, while efforts were made to ensure consistency in classifying responses as formal or practical epistemology, the coding process involves inherent subjectivity. Multiple researchers reviewed classifications to mitigate bias, but variations in interpretation of student responses may still exist. Additionally, the study did not account for potential shifts in students’ reasoning over time or in response to instructional interventions.

4. CONCLUSION
 
This study investigated the epistemic reasoning patterns of students when exploring the product of two integers, focusing on how they approach investigation, use examples, identify patterns, construct generalizations, and validate conclusions. The findings reveal that students predominantly demonstrated formal epistemic reasoning, with strong emphasis on understanding mathematical concepts, recognizing patterns and properties, and constructing generalizations that align with established integer multiplication principles. Practical epistemic reasoning was evident in students’ focus on obtaining correct results and preventing errors, highlighting their awareness of both conceptual and functional goals in mathematics.

The results parallel findings from science education research, suggesting that students approach investigative tasks across disciplines with attention to both theoretical coherence and practical utility. Instructional strategies that explicitly connect concrete examples to abstract principles, emphasize pattern recognition as a foundation for generalization, and provide opportunities to test and validate conclusions can support students in developing integrated epistemic reasoning.
 
While the findings contribute valuable insights into how students reason about integer multiplication, they are limited by the specific sample, context, and mathematical domain examined. Future research could explore epistemic reasoning across diverse mathematical topics, track changes in reasoning over time, and investigate how instructional interventions can further support students in balancing practical and formal epistemological orientations. Ultimately, fostering robust epistemic reasoning in mathematics helps students develop not only procedural fluency but also the conceptual understanding needed to apply mathematical knowledge flexibly in new contexts.

[bookmark: _GoBack]
COMPETING INTERESTS 
The authors declare that they have no competing interests.

CONSENT AND ETHICAL APPROVAL 
Ethical clearance was obtained from the appropriate institutional review committee. Informed consent was secured from the participants and their parents/guardians prior to data collection. All procedures were carried out in accordance with ethical standards ensuring confidentiality, anonymity, and the welfare of the respondents.
 
COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

REFERENCES 

Akgun, M., & Sharma, P. (2023). Exploring epistemic agency in students’ problem-solving activities. Interdisciplinary Journal of Environmental and Science Education, 19(1), e2303. https://doi.org/10.29333/ijese/13257

Barzilai, S., & Chinn, C. A. (2017). On the goals of epistemic education: Promoting apt epistemic performance. Journal of the Learning Sciences, 27(3), 353–389. https://doi.org/10.1080/10508406.2017.1336902

Barzilai, S., & Chinn, C. A. (2020). A review of educational responses to the “post-truth” condition: Four lenses on “post-truth” problems. Educational Psychologist, 55(3), 153–173. https://doi.org/10.1080/00461520.2020.1761158

Bofferding, L. (2014). Negative integer understanding: Characterizing first graders’ mental models. Journal for Research in Mathematics Education, 45(2), 194–245. https://doi.org/10.5951/jresematheduc.45.2.0194

Chinn, C. A., Buckland, L. A., & Samarapungavan, A. (2011). Expanding the dimensions of epistemic cognition: Arguments from philosophy and psychology. Educational Psychologist, 46(3), 141–167. https://doi.org/10.1080/00461520.2011.587717

Cho, K.-L., & Jonassen, D. H. (2002). The effects of argumentation scaffolds on argumentation and problem solving. Educational Technology Research and Development, 50(3), 5–22. https://doi.org/10.1007/BF02504985

Dignath, C., & Veenman, M. V. J. (2021). The role of direct strategy instruction and indirect activation of self-regulated learning—Evidence from classroom observation studies. Educational Psychology Review, 33, 1005–1039. https://doi.org/10.1007/s10648-020-09564-4

diSessa, A. A. (2006). J’s epistemological stance and strategies. In G. Sinatra & P. Pintrich (Eds.), Intentional conceptual change (pp. 237–268). Lawrence Erlbaum Associates.

Dweck, C. S. (2006). Mindset: The new psychology of success. Random House.

Elby, A., & Hammer, D. (2001). Epistemological resources. University of Maryland.

Elby, A., & Hammer, D. (2001). On the substance of a sophisticated epistemology. Science Education, 85(5), 554–567. https://doi.org/10.1002/sce.1023

Fuadi, N. F. (2015). Epistemological obstacles on mathematic’s learning in junior high school students: A study on the operations of integer material. Indonesian Journal of Mathematics Education.

Greene, J. A., Sandoval, W. A., & Bråten, I. (2016). An introduction to epistemic cognition. In J. A. Greene, W. A. Sandoval, & I. Bråten (Eds.), Handbook of epistemic cognition (pp. 1–16). Routledge.

Hardy, C., & Tolhurst, D. (2013). Epistemological beliefs and cultural diversity matters in management education and learning: A critical review and future directions. Academy of Management Learning & Education, 13(2). https://doi.org/10.5465/amle.2012.0063

Hiebert, J., & Grouws, D. A. (2007). The effects of classroom mathematics teaching on students’ learning. In F. K. Lester Jr. (Ed.), Second handbook of research on mathematics teaching and learning (pp. 371–404). Information Age Publishing.

Hofer, B. K. (2000). Dimensionality and disciplinary differences in personal epistemology. Contemporary Educational Psychology, 25(4), 378–405. https://doi.org/10.1006/ceps.1999.1025

Hofer, B. K., & Pintrich, P. R. (Eds.). (2002). Personal epistemology: The psychology of beliefs about knowing and knowledge. Erlbaum.

Jeong, J.-C., & Scott, J. (1993). Schooling and students’ epistemological beliefs about learning. Contemporary Educational Psychology, 18(1), 23–35.

Kelly, M. (2021). Epistemology, epistemic belief, personal epistemology, and epistemics: A review of concepts as they impact information behavior research. Journal of the Association for Information Science and Technology, 72(1), 2–16. https://doi.org/10.1002/asi.24464

Knuth, E. J. (2002). Secondary school mathematics teachers’ conceptions of proof. Journal for Research in Mathematics Education, 33(5), 379–405.

Krupa, E. E., Bostic, J. D., & Shih, J. C. (2019). Validation in mathematics education: An introduction to quantitative measures of mathematical knowledge. Routledge.

Lakatos, I. (1976). Proofs and refutations: The logic of mathematical discovery. Cambridge University Press.

Martino, A. M., & Maher, C. A. (1999). Teacher questioning to promote justification and generalization in mathematics: What research practice has taught us. The Journal of Mathematical Behavior, 18(1), 53–78. https://doi.org/10.1016/S0732-3123(99)00014-2

Mason, J., Burton, L., & Stacey, K. (2010). Thinking mathematically (2nd ed.). Pearson Education.

Muis, K. R., Bendixen, L. D., & Haerle, F. C. (2006). Domain-generality and domain-specificity in personal epistemology research: Philosophical and empirical reflections in the development of a theoretical framework. Educational Psychology Review, 18(1), 3–54. https://doi.org/10.1007/s10648-006-9003-6

Niss, M., & Højgaard, T. (2019). Mathematical competencies revisited. Educational Studies in Mathematics, 102(1), 9–28. https://doi.org/10.1007/s10649-019-09626-6

Op ‘t Eynde, P., De Corte, E., & Verschaffel, L. (2002). Framing students’ mathematics-related beliefs: A quest for conceptual clarity and a comprehensive categorization. In G. C. Leder, E. Pehkonen, & G. Törner (Eds.), Beliefs: A hidden variable in mathematics education? (pp. 13–37). Kluwer Academic Publishers.

Restall, G., & Russell, G. (2012). New waves in philosophical logic. Palgrave Macmillan.
Rivera, F. D. (2013). Teaching and learning patterns in school mathematics: Psychological and pedagogical considerations. Springer.

Sandoval, W. A. (2005). Understanding students’ practical epistemologies and their influence on learning through inquiry. Journal of the Learning Sciences, 14(4), 479–509. https://doi.org/10.1207/s15327809jls1404_2

Schoenfeld, A. H. (1981). Episodes and executive decisions in mathematical problem solving. National Science Foundation.

Schoenfeld, A. H. (1985). Mathematical problem solving. Academic Press.

Schoenfeld, A. H. (2023). A theory of teaching. In A. K. Praetorius & C. Y. Charalambous (Eds.), Theorizing teaching: Current status and open issues (pp. 159–187). Springer
.
Schoenfeld, A. H. (2023). A theory of teaching. In A.-K. Praetorius & C. Y. Charalambous (Eds.), Theorizing teaching: Current status and open issues (pp. 159–187). Springer.

Schraw, G. (2001). Promoting general metacognitive awareness. Instructional Science, 29(2), 113–125. https://doi.org/10.1023/A:1003171121310

Skemp, R. R. (n.d.). Relational understanding and instrumental understanding. Mathematics Teaching in Middle School, 12(2), 88–95.

Stylianides, A. J. (2007). Proof and proving in school mathematics. Journal for Research in Mathematics Education, 38(3), 289–321.
Stylianides, A. J., & Stylianides, G. J. (2014). Impacting positively on students’ mathematical problem solving beliefs: An instructional intervention of short duration. The Journal of Mathematical Behavior, 33, 8–29. https://doi.org/10.1016/j.jmathb.2013.09.002

Thompson, N. (2018). Epistemic coherence and holistic explanation. In Coherence (pp. 107–115). Oxford University Press.

Vander Veldt, M. (2006). Exploring the relationship between teachers’ beliefs in mathematics and their instructional practice. University of Nevada, Las Vegas. UNLV University Libraries.

Vlassis, J. (2004). Making sense of the minus sign or becoming flexible in “negativity”. Learning and Instruction, 14(5), 469–484. https://doi.org/10.1016/j.learninstruc.2004.06.004

Wilson, L. O. (2016). Anderson and Krathwohl: Bloom’s taxonomy revised understanding the new version of Bloom’s taxonomy. The Second Principle.

Wilson, P. (2018). What the applicability of mathematics says about its philosophy. Philosophical Studies, 175(2), 345–373. https://doi.org/10.1007/s11098-017-0867-9

Wilson, S. M., & Berne, J. (1999). Teacher learning and the acquisition of professional knowledge: An examination of research on contemporary professional development. Review of Research in Education, 24(1), 173–209.




APPENDIX

Name: 	_______________________________________ Grade: _______________

[bookmark: _Hlk209623011]STUDENTS’ EPISTEMOLOGIES IN VALIDATING MULTIPLICATION OF INTEGERS QUESTIONNAIRE (SEVMIQ)
Directions:  This following tasks requires you to answer the product of two integers. Make sure that your answers are written clearly and legibly on the space provided for each number 1 to 6. Use the example as your guide. 

Task 1.
	Find the product of the following pairs of integers:
	Observations/Notices
Instruction: In order to be organized in your observations/notices, please answer the following guide questions:

	
	1. What is the sign of the product? Is it positive or negative?
	2. What is the parity (even, odd) of the product? Is it even or odd?
	3. Please take a look,  what is the parity (even, odd) of the two integers being multiplied? Is it even or odd? What is the parity (even, odd) of the product? Is it even or odd?

	Examples: 
	7 x 6 = 42
	Positive
	Even
	 7    x    6     =   42

odd     even      even

	
	9 x 5 = 45
	Positive
	Odd
	9     x    5     =   45

odd     odd      odd

	1) 6 x 4 =
	
	
	

	2)  8 x 4 = 
	

	
	

	3) 9 x 7 =
	

	
	

	4)  3 x 5 =
	

	
	

	5) 2 x 9 = 
	

	
	

	6) 3 x 4 =
	

	
	




4.   Look at your answer to the follow up questions numbers 1, 2,  and 3 for the given 6 pairs of product of two integers. Construct/write generalize statements/sentences (Generalizations) in enumerated form of the patterns/trends that you observe/notice (one sentence for one generalization.) 
Generalizations (generalize statements/sentences) on the patterns/trends observe on the answers in questions numbers 1 , 2 and 3. 
1. _________________________________________________________________
2. _________________________________________________________________
3. _________________________________________________________________
4. _________________________________________________________________
5. _________________________________________________________________
Task 2. 
	Find the product of the following pairs of integers:
	Observations/Notices
Instruction: In order to be organized in your observations/notices, please answer the following guide questions:

	
	1. What is the sign of the product? Is it positive or negative?
	2. What is the parity (even, odd) of the product? Is it even or odd?
	3. Please take a look,  what is the parity (even, odd) of the two integers being multiplied? Is it even or odd? What is the parity (even, odd) of the product? Is it even or odd?

	Examples: 
	-7 x -6 = 42
	Positive
	Even
	 -7    x    -6     =   42

odd      even      even

	
	-9 x -5 = 45
	Positive
	Odd
	-9     x    -5     =   45

odd      odd         odd

	1) -6 x -4 =
	

	
	

	2)  -8 x -4 = 
	

	
	

	3) -9 x -7 =
	

	
	

	4)  -3 x -5 =
	

	
	

	5) -2 x -9 = 
	

	
	

	6) -3 x -4 =
	

	
	



4.   Look at your answer to the follow up questions numbers 1, 2,  and 3 for the given 6 pairs of product of two integers. Construct/write generalize statements/sentences (Generalizations) in enumerated form of the patterns/trends that you observe/notice (one sentence for one generalization.) 
Generalizations (generalize statements/sentences) on the patterns/trends observe on the answers in questions numbers 1 , 2 and 3. 
1. _________________________________________________________________
2. _________________________________________________________________
3. _________________________________________________________________
4. _________________________________________________________________
5. _________________________________________________________________
Task 3. 
	Find the product of the following pairs of integers:
	Observations/Notices
Instruction: In order to be organized in your observations/notices, please answer the following guide questions:

	
	1. What is the sign of the product? Is it positive or negative?
	2. What is the parity (even, odd) of the product? Is it even or odd?
	3. Please take a look,  what is the parity (even, odd) of the two integers being multiplied? Is it even or odd? What is the parity (even, odd) of the product? Is it even or odd?

	Examples: 
	-7 x 6 = -42
	Negative
	Even
	 -7    x    6     =   -42

odd      even      even

	
	9 x -5 = -45
	Negative
	Odd
	9     x    -5     =   -45

odd      odd       odd

	1) -6 x 4 =
	

	
	

	2)  8 x -4 = 
	

	
	

	3) -9 x 7 =
	

	
	

	4)  3 x -5 =
	

	
	

	5) 2 x -9 = 
	

	
	

	6) -3 x 4 =
	

	
	



4.   Look at your answer to the follow up questions numbers 1, 2,  and 3 for the given 6 pairs of product of two integers. Construct/write generalize statements/sentences (Generalizations) in enumerated form of the patterns/trends that you observe/notice (one sentence for one generalization.) 
Generalizations (generalize statements/sentences) on the patterns/trends observe on the answers in questions numbers 1 , 2 and 3. 
1. _________________________________________________________________
2. _________________________________________________________________
3. _________________________________________________________________
4. _________________________________________________________________
5. _________________________________________________________________
Epistemology
1. Why do we need to investigate (test /verify) the product of 2 integers?
Answer:     ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Why do we need to make use of specific examples to investigate (test /verify) the product of 2 integers? 
Answer:     
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3.Why do we need to take notice/observe  the  pattern/trends  and relationship  in investigating  the  product  of two integers through/using  the  examples?
[bookmark: OLE_LINK9]Answer:     ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. a) Can  we consider  the  use of examples as valid basis of constructing  generalization/conclusion on   the  product  of two integers? and    b)Why?
Answer:     
a) ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
 
Answer:     b___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
 

5. Why do we need to  make/construct generalizations/conclusions (generalized statement/sentence)  on   the  product of two  integers?
Answer:     
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________






