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ABSTRACT
This study explored the mathematical epistemology of Grade 10 students in validating arithmetic sequences, focusing on their epistemic stances in constructing and justifying mathematical knowledge. Grounded in mathematical and personal epistemology frameworks, the study examined how students use pattern recognition, trial-and-error, and example-based reasoning during validation tasks.
An exploratory descriptive research design was employed involving 30 Grade 10 students from Dansalan National High School, Marawi City, Philippines. Data were collected using the Student’s Practical Epistemologies in Mathematics Questionnaire (SPEMQ), which included arithmetic sequence tasks and open-ended questions. Responses were analyzed through thematic analysis and categorized into formal and practical epistemic reasoning.
Results showed that students predominantly demonstrated formal epistemic reasoning, particularly in identifying patterns, determining the common difference, and validating arithmetic sequence formulas. However, practical epistemic reasoning was also evident through students’ reliance on examples, procedural strategies, and error detection. Despite their ability to apply formulas, students’ validation processes were largely empirical rather than deductive.
The findings highlight the need for instructional strategies that facilitate students’ transition from example-based reasoning to formal mathematical justification, thereby promoting deeper conceptual understanding.
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1. Introduction
Understanding the student’s mathematical epistemologies in validating mathematics principles is drawing attention among mathematics teachers, educators and researchers for it is essential in promoting deep conceptual learning. Epistemology is a branch of philosophy concerned with the theory of knowledge and investigates the nature of knowledge, justification, and rationality of belief (Steup , 2016). Within the mathematical context, epistemology examines how mathematical knowledge is acquired, justified, and what constitutes its truth or validity (Goldman, 1986).  In a practical sense, it addresses how mathematical principles was formulated, evaluated, and validated through trial-and-error exploration looking for patterns and use reasoning for validation. In the classroom, students often engage in processes that reflect different epistemic stances ranging from practical (classroom learning-based experiences) to formal (deductive derivation) system as practice by professional mathematician). In this study we adopted Audi’s (2015) definitions of stances in the mathematical context as structured sets of assumptions that guide how we treat, interpret, and justify mathematical knowledge in both pure and applied setting. Practical mathematical epistemology focuses on how mathematical knowledge is generated, used, and justified in real-world contexts moving beyond abstract philosophical debates to examine mathematics as it is practiced by mathematician, educators, and practitioners in field like science, engineering, and industry (Lakatos, 1976). Formal mathematical epistemology examines how knowledge is constructed through symbolic systems and logical proof, focusing on the foundational structures that underpin mathematical validity (Knuth et al., 2002).
The epistemic stances are examined through Grade 10 students’ attempt to validate arithmetic sequence through pattern recognition and example-based verification using trial-and-error exploration. The verificatory task used patterns to determine the common difference and consistency of the sequence, which students relied on to justify the validity of the arithmetic sequence.
 
Methodology
 
2. Research Objectives 
The purpose of the study is to investigate the students’ mathematical epistemology. Specifically, the study aims to explore and categorize “epistemic stances” of Grade 10 students from Dansalan National High School in Marawi City, Lanao del Sur, Philippines when validating the concepts of arithmetic sequence.  
 
2.1 Theoretical Framework
This study is grounded on mathematical epistemology offering a comprehensive lens to examine and understand students’ epistemic stances during validation of Arithmetic sequence. 
Mathematical epistemology refers to mathematical knowledge is acquired, justified, and what constitutes its truth or validity (Mason et al., (2010).  Within the mathematical epistemology framework, we specifically include Hofer and Pintrich’s (1997) Personal Epistemology Theory, which identifies four dimensions of epistemic belief: the certainty, simplicity, source, and justification of knowledge. These beliefs influence how learners interpret and construct mathematical understanding.
In the context of validating the arithmetic sequence, students who believe mathematical knowledge is certain and authoritative tend to depend on formulas directly. Conversely, those who view knowledge as evolving and constructed through reasoning are more likely to derive the formulas using patterns or generalizations.
Additionally, Schoenfeld’s (1992) theory of mathematical problem-solving posits that students’ beliefs about mathematics shape their behavior during learning. Those who perceive mathematics as sense-making engage in reflective thinking and justification, which are key components of epistemic cognition.
This theoretical framework is complemented by constructivist learning theory (Piaget, 1972; Vygotsky, 1978), which suggests that learners build understanding through active engagement, pattern exploration, and social negotiation. Together, these theories frame the study’s analysis of how students validate arithmetic sequence formulas.
This study uses the theories cited to classify students’ epistemic stances in validating arithmetic sequeces through trial and error exploration involving through trial-and-error exploration involving pattern recognition, generalization, and example-based verification. These classifications help interpret how learners justify their learning in Arithmetic Sequence.
 
2.2 Conceptual Framework
Fig. 1 presents the conceptual framework guiding this study of Grade 10 students’ epistemic stances during the validation of the arithmetic sequence. The framework illustrates specifically how mathematical task in validating arithmetic sequence shape students’ epistemic engagement and reasoning that leads to observable reasoning pattern outcomes. 
At the center of the framework is the verification of the arithmetic sequence of the form
 , which assessed students’ validations skills, mathematical knowledge, and understanding of mathematics epistemologies. This validation task framing activates students’ epistemic resources such as prior conceptual knowledge and epistemological stances which are needed in validating mathematical principles (Krupa et al., 2019). 
These epistemic resources and epistemological stances enable students to engage in justifying and validating mathematical principles which may resulted to distinct epistemic reasoning pattern, either formal epistemic reasoning characterized using mathematical verification and validation by example or practical epistemic reasoning characterized by students’ own epistemologies other than the standard mathematical epistemologies used by experts. (Kitcher, 1992).
Overall, the framework highlights how students justify and validate mathematical principles through the use of their epistemic resources and engagement in epistemic process, enabling analysis of how students justify and validate mathematical principle like arithmetic sequence.
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Fig. 1 Conceptual Framework

2.3 Research Design
This study utilized an exploratory descriptive methodology, focusing on qualitative data gathered from students’ responses to open-ended questions. The purpose was to investigate the mathematical epistemology of Grade 10 students during the process of validating arithmetic sequences. This approach enabled the examination not only of students’ abilities to confirm theoretical outcomes but also how they integrated theoretical knowledge with empirical observations (Rittle-Johnson and Schneider, 2015).


2.4 Participants
This study involved 30 Grade 10 students (11 male, 19 female) enrolled at Dansalan National High School, Sagonsongan, Marawi City, Lanao del Sur, Philippines during the school year 2024–2025. The participants were purposively selected from one mathematics class under the K–12 curriculum to ensure that all participants had received the same instructional exposure to arithmetic sequence lessons. The participants had previously completed prerequisite topics in basic algebra and number patterns, providing the foundational knowledge necessary for engaging in arithmetic sequence validation tasks. All participants took part voluntarily, and ethical considerations such as informed consent, confidentiality, and anonymity were strictly observed throughout the conduct of the study. This advanced background knowledge and understanding was considered during data interpretation, as prior learning experiences may influence (Zagzebski, 1996). 
2.5 Data Gathering 
This study was conducted in a regular Grade 10 mathematics classroom during the implementation of a lesson on arithmetic sequences. Prior to data collection, students were informed of the activity’s purpose and assured that their responses would be used solely for research. To capture authentic reasoning, no explicit instruction on epistemology or formula derivation was provided immediately before the task.
Students’ epistemological approaches were examined using the Students’ Practical Epistemologies in Mathematics Questionnaire (SPEMQ). The instrument required learners to generate terms of an arithmetic sequence, determine its nth term, and derive the sum of the first terms through pattern recognition. Students also justified their solutions using examples and written explanations. Open-ended items elicited their approaches to validation, focusing on justification, generalization, and pattern-based reasoning.
The activity was administered individually within a single class period to ensure independent responses. Although students had prior exposure to arithmetic sequences, they were encouraged to articulate their reasoning rather than rely on memorized formulas. All written responses were collected immediately and served as the primary data for analysis.
This procedure ensured that the data reflected students’ authentic epistemic engagement in validating arithmetic sequences within a natural classroom context.

2.6 Data Analysis 
Students’ written responses to the arithmetic sequence tasks were analyzed using qualitative thematic analysis. As Braun and Clarke (2006) assert, thematic analysis is a flexible and rigorous method for identifying, analyzing, and reporting patterns within qualitative data, particularly well-suited for exploring cognitive and epistemological dimensions in educational research. All responses were first read repeatedly to gain familiarity with the data and to identify initial patterns in students’ reasoning. The responses were then coded inductively, focusing on how students justified their answers, recognized patterns, and validated arithmetic sequence formulas.
Following initial coding, recurring codes were grouped into broader themes that reflected students’ epistemological approaches as recommended by Gibbs (2007). To enhance the rigor of the analysis, the identified themes and categories were reviewed to ensure consistency and coherence across responses. Frequencies and percentages of each epistemological category were computed to provide a descriptive overview of students’ epistemic orientations; however, the primary emphasis of the analysis remained qualitative, focusing on the nature and depth of students’ reasoning rather than numerical comparison.
  
3. RESULTS AND DISCUSSION 
3.1 Results

Students’ epistemic reasoning in validating arithmetic sequences was analyzed using their responses to open-ended questions (N = 30). Responses were grouped thematically and classified as formal epistemic reasoning and practical epistemic reasoning. Table 1 presents the distribution of themes, reasoning patterns, frequency, and representative answers.
Responses from the first question, “From numbers 1 to 5, what did you do to fill in the vacant/empty cells to complete the number sequence?”, showed that 14 students (46.7%) relied on identifying and following patterns for logical completion, and 10 students (33.3%) applied arithmetic concepts such as the common difference, both categorized as formal epistemic reasoning. In contrast, 6 students (20%) relied on verification and following examples, which was categorized as practical epistemic reasoning.
For the second question, “Did you use the pattern/trend of the number sequence in the example? If so, why?”, 9 students (30%) emphasized ensuring consistency, 8 students (26.7%) focused on predicting future terms, and another 8 students (26.7%) highlighted structured thinking, all categorized as formal epistemic reasoning. Meanwhile, 5 students (16.7%) viewed patterns as a guide in finding missing terms, categorized as practical epistemic reasoning.
Regarding the third question, “Why is it important to take notice/observe the patterns/trends and relationship in the number sequence?”, 12 students (40%) highlighted prediction of future terms, 8 students (26.7%) emphasized conceptual understanding, and 3 students (10%) noted development of generalization, all classified as formal epistemic reasoning. In contrast, 7 students (23.3%) focused on efficiency and simplification, categorized as practical epistemic reasoning.
In response to the fourth question, “Why do we need to test/verify the arithmetic sequence formula?”, 16 students (53.3%) identified ensuring accuracy and avoiding errors, and 9 students (30%) emphasized validation of the formula and its application, both categorized as formal epistemic reasoning. However, 5 students (16.7%) pointed out limitations or restrictions of the formula, reflecting practical epistemic reasoning.
For the fifth question, “Why do we need to make use of examples to test/verify the arithmetic sequence formula?”, 13 students (43.3%) described reinforcing accuracy and validity, and 9 students (30%) highlighted demonstrating application, both categorized as formal epistemic reasoning. In contrast, 11 students (36.7%) emphasized identifying errors, which was categorized as practical epistemic reasoning.
Overall, students’ responses across the five questions on validating arithmetic sequences were predominantly classified as formal epistemic reasoning, particularly in areas involving pattern recognition, conceptual understanding, and validation of formulas. Practical epistemic reasoning appeared in responses focused on error detection, procedural guidance, and reliance on examples.
Table 1
Students’ Understanding on Practical Epistemologies Knowledge in Exploring and Validating Arithmetic Sequence
	Questions
	Themes of Students’ Answer
	Number (%)
 of Students
	Example of Student’s Answer

	1. From numbers 1 to 5, what did you do to fill in the vacant/empty cells to complete the number sequence? 


	Identifying/
Following Patterns for Logical Completion
	14 (46.7%)
	“I used to follow the given example first, then I investigate a little. The common difference was being added to the 1st term and the result is the 2nd term, same with the other terms. So I  followed the pattern.” (Respondent 2)

	2. 
	Application of Arithmetic Concepts
	10 (33.3%)
	“From 1 to 5 problems, I used to follow the given examples before I proceed to fill in the vacant cells.  The first term was being added by the common difference and that’s where the second term exist. Continuing the process until I reach the eight term.”
(Respondent 13)

	3. 
	Verification and Following Examples
	6 (20%)
	“The given example is what I follow. The difference of second and first term is the same with all the terms in the given sequence. So, I used the example to fill all the missing terms.”
(Respondent 7)

	2. Did you use the pattern/trend of the number sequence in the example? If so, why? 

	Ensuring Consistency through Pattern Recognition/Identification
	9 (30%)
	“Yes of course, I used the pattern from the given example. The example shows the common difference and I used it to complete the sequence for consistency.”
(Respondent 29)

	3. 
	Identify and Predict Future Terms
	8 (26.7%)
	[bookmark: _Hlk193826115]“Yes, kung hindi dahil sa pattern hindi ko malalaman kung anong number dapat ang susunod. Dahil dito, mas madali ang pagkuha ko sa missing term kasi madali na siyang hulaan kung anong susunod.”
“If it were not for the pattern, I would not know what number should come next. Because of this, it is easier for me to get the missing term since it is easy to guess what comes next.”
(Respondents 18)

	4. 
	Reinforced Structured Thinking in Solving Problem   
	8 (26.7%)
	“Yes, I used the pattern from the example because it helped me understand how to complete the missing numbers. It showed me how the sequence works.”
(Respondents 16)

	5. 
	Guide in Finding Missing Term
	5 (16.7%)
	“Yes, I did use the pattern of the number sequence in the example. It’s because the example is a guide for you to complete the table. And, make sure that you put the appropriate numbers into the vacant cell, so that the pattern will be repeated. This is why it’s called ‘pattern’ because it means ‘continuous/repeat’.”
(Respondents 15)

	6. Why is it important to take notice/ observe the patterns/trends and relationship in the number sequence/series in numbers 1 to 5? 

	Predict and Forecast Future Terms

	12 (40%)
	“It is important to follow the pattern in order for me to predict the next term.”
(Respondent 2)

	7. 
	Enhance Comprehension in Arithmetic Sequences
	8 (26.7%)
	“Importante na alam mo ang pagkasunod-sunod nila. Malaki ang naiitulong ng pattern lalu na sa student like me para malaman natin kung papaano makuha ang arithmetic sequence at kapag magso-solve.”
"It's important that you know the order of the numbers. Patterns help a lot, especially for students like me, to understand how to find the arithmetic sequence and solve problems."
(Respondents 18)

	8. 
	Mathematical Efficiency and Simplification 
	7 (23.3%)
	“It’s important to observe patterns because they help us understand how the sequence works. It also makes it easier and very efficient in solving problems.  It also helps to check if our answers are correct.”
(Respondents 12)

	9. 
	Develop Critical Thinking Skills 
	3 (10%)
	“It is important to take notice or observing patterns and trends because patterns can be used to make a generalization.”
(Respondents 14)

	

10. Why do we need to test/verify the arithmetic sequence formula
   ?

	
Ensuring its Accuracy and Avoiding Errors
	
16 (53.3%)
	“We must verify the arithmetic sequence formula to ensure its correctness. Testing them with multiple sequences helped prevent errors.”
(Respondents 14)

	11. 
	
Validation of Arithmetic Sequence Formula and Its Applications
	
9 (30%)
	“Dapat lang na i-verify ang formula para matyansa mo kung tama ba ang formula na yan o hindi o kung valid ba ito o hindi at nang magamit din sa pagso-solve.”
"You should verify the formula to make sure whether it is correct or not, or if it is valid, so that it can be used in solving."
(Respondent 3)

	12. 
	Understand the Possible Restriction/ Limitation of the Formula.
	5 (16.7%)
	“We need to test the formula to make sure it works for all numbers in the sequence. If the formula is wrong, we might get incorrect answers or maybe you have mistaken the geometric or harmonic sequence as arithmetic sequence.”
(Respondents 12)

	5. Why do we need to make use of examples to test/verify the arithmetic sequence formula 
 ?

	Reinforce the Accuracy and Validity of the Arithmetic Sequence 

	13 (43.3%)
	“Using examples helps us check if the formula is right. If the example works, then we know the formula is correct.”
(Respondents 16)
“Examples are very important to provide accuracy about the formula in arithmetic sequence and also its validation to test the formula.”
(Respondents 27)

	
	Indicate Potential or Identifying Error
	11 (36.7%)
	“Examples shows us its application and also by given example we can verify it is an error or wrong result.”
(Respondent 2)

	
	Demonstrate the Application of Arithmetic Sequence
	9 (30%)
	“Dapat gamitin ang mga examples o sundin ito para makuha natin bawat term at masolve ng mabuti ang arithmetic sequence formula.”
"We should use the examples or follow them to determine each term and properly solve the arithmetic sequence formula."
(Respondent 5)
“We need to make use of example to verify the arithmetic formula because it is the easiest way for us to understand the concept of arithmetic sequence and so we can apply it.”
(Respondent 13)



3.2 Discussion
3.2.1 Why do we need to identify patterns in completing arithmetic sequences?
Identifying patterns in arithmetic sequences reflects a fundamental epistemic process in mathematics, where learners detect regularities to construct meaning and establish relationships. Pattern recognition enables students to determine the common difference, which serves as the defining property of an arithmetic sequence. This process aligns with the epistemological view that mathematical knowledge is constructed through identifying invariant relationships across cases (Lackey et al., 2006).
From an educational perspective, pattern recognition supports the transition from intuitive reasoning to structured mathematical thinking, allowing students to generalize from observed regularities (Knuth, 2002). It also reflects formal epistemic reasoning, as students move beyond mere observation toward understanding underlying mathematical structures.
3.2.2 Why do students rely on patterns in validating sequences?
The use of patterns provides students with a systematic way to ensure consistency and predict subsequent terms. This aligns with the idea of (Lakatos, 1976) that mathematical knowledge is not arbitrary but follows logical and repeatable structures.
Epistemologically, reliance on patterns demonstrates students’ engagement in inductive reasoning, where generalizations are formed based on repeated observations (Goldman, 1986). However, while this supports understanding, it may also indicate a limitation, as students may equate consistency in patterns with universal validity without further justification.
3.2.3 Why is observing patterns important in understanding arithmetic sequences?
Observing patterns plays a crucial role in connecting concrete numerical examples to abstract mathematical concepts. Through pattern observation, students develop the ability to predict, generalize, and justify, which are essential components of mathematical reasoning (Mason, 2010).
This process also supports the development of conceptual understanding (Rittle-Johnson & Schneider, 2015), as students begin to see relationships between terms rather than treating sequences as isolated numbers. From an epistemological standpoint, this reflects a shift toward formal reasoning, where knowledge is seen as structured and interconnected.
3.2.4 Why do we need to test/verify the arithmetic sequence formula?
Verification of the arithmetic sequence formula addresses the epistemological requirement that mathematical knowledge must be justified and validated. Testing the formula ensures that it is not merely accepted but confirmed through logical and empirical means (Kitcher, 1992).
Students’ emphasis on accuracy and error detection suggests that they view mathematics as a discipline requiring certainty and correctness (Krupa et al., 2019). However, this also indicates a procedural orientation, where verification is performed primarily to avoid mistakes rather than to establish deeper theoretical validity.
3.2.5 Why do we need to use examples in verifying the formula?
Examples serve as a bridge between practical and formal epistemic reasoning, allowing students to test abstract formulas in concrete situations. By applying formulas to specific cases, students can observe whether the results are consistent, thereby strengthening their confidence in the formula (Chisholm, 1989).
However, from a mathematical epistemology perspective, examples alone are not sufficient for proving general validity. While they support understanding and conjecture formation, formal justification requires reasoning beyond specific cases (Lackey and Sosa, 2006). This highlights the need to guide students from example-based validation to generalized reasoning.
3.3 Limitations of the Study
This study has several limitations that should be considered when interpreting the findings.
First, the study involved a limited sample of 30 Grade 10 students from a single school, which restricts the generalizability of the findings to other populations or contexts.
Second, the data were collected through written responses, which may not fully capture the depth and complexity of students’ epistemic reasoning. Some students may have had more developed ideas that were not clearly expressed in writing.
Third, the study focused exclusively on arithmetic sequences, a topic characterized by clear and observable patterns. This may have influenced the dominance of pattern-based reasoning and may not reflect students’ epistemic approaches in more abstract mathematical domains.
Fourth, the study was cross-sectional, capturing students’ reasoning at a single point in time. It does not provide insight into how students’ epistemic stances develop over time or through instruction.
Lastly, the classification of responses into epistemic categories involves interpretive judgment, which may introduce subjectivity despite efforts to ensure consistency.
4. CONCLUSION
This study investigated the epistemic stances of Grade 10 students in validating arithmetic sequences. The findings revealed that students predominantly demonstrated formal epistemic reasoning, particularly through pattern recognition, conceptual understanding, and validation of mathematical formulas.
At the same time, elements of practical epistemic reasoning were evident in students’ reliance on examples, error detection, and procedural strategies. This indicates that students’ mathematical thinking involves both conceptual and practical dimensions.
The results highlight that while students can identify patterns and applying formulas, their validation processes are often grounded in empirical and example-based reasoning rather than formal deductive justification. This suggests the need for instructional approaches that support the transition from intuitive and practical reasoning to more formal and generalized mathematical thinking.
Overall, developing students’ mathematical epistemology requires fostering not only procedural accuracy but also a deeper understanding of how and why mathematical concepts are valid, enabling learners to engage more meaningfully with mathematics.
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