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ABSTRACT 

	Understanding how students justify, evaluate, and validate scientific knowledge is central to effective physics instruction, particularly in laboratory-based learning. This study examined the scientific epistemology of Grade 10 students in validating the period of a simple pendulum within an investigative laboratory context. Employing a qualitative research design, data were collected from 30 Grade 10 students enrolled in an advanced science high school through a six-item open-ended questionnaire administered after a pendulum experiment. Students’ written responses were analyzed using thematic analysis and classified according to patterns of epistemic reasoning, specifically formal epistemic reasoning and epistemic fragmentation. The findings indicate that most students demonstrated formal epistemic reasoning when tasks explicitly required coordination between experimental procedures and theoretical models, particularly in varying pendulum length, angular amplitude, comparing experimental and theoretical values, and calculating experimental error. However, epistemic fragmentation was more prevalent in contexts where intuitive reasoning conflicted with formal theory, most notably in explanations involving the mass of the pendulum bob. These results suggest that students’ epistemic reasoning is highly context-sensitive and influenced by the epistemic framing of laboratory tasks. The study highlights the role of advanced science curricula and sustained laboratory exposure in supporting students’ ability to engage in theory–evidence coordination. Implications are discussed for the design of physics laboratory instruction that foregrounds epistemic aims such as model validation, justification, and uncertainty evaluation.
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1. INTRODUCTION 

Epistemology, broadly defined as the branch of philosophy concerned with the nature, origin, and justification of knowledge (Sandoval, 2004), plays a crucial role in science education. Within this context, epistemology addresses how scientific knowledge is generated, evaluated, and validated through empirical inquiry and reasoning (Kelly, McDonald, Wickman, 2012; Sin, 2014). In the present study, emphasis is placed on scientific epistemology as the normative framework that governs the coordination of theory and evidence in the construction and validation of scientific knowledge (Zeineddin & Abd-El-Khalick, 2010).

Scientific epistemology is commonly articulated through two interrelated dimensions: formal (or standard) epistemology and practical epistemology. Formal epistemology refers to the normative investigative procedures and epistemic criteria typically adopted by professional scientists and embedded in science curricula and textbook representations (Chinn & Malhotra, 2001; Kelly et al., 2012). In contrast, practical epistemology concerns students’ situated epistemic resources and reasoning-in-action during classroom investigations, including how they interpret data, justify claims, and evaluate experimental outcomes within specific instructional contexts (Sandoval, 2004; Lising & Elby, 2005).

In this study, these epistemological dimensions are examined through Grade 10 students’ attempts to validate the mathematical model for the period of a simple pendulum, expressed as T=2π√(L/g), within a guided physics laboratory activity. The laboratory task functions as an instructional context in which students’ epistemic engagement is shaped by epistemic task framing, particularly whether the activity emphasizes procedural verification of an established law or invites deeper inquiry into theoretical assumptions and limitations (Chinn & Malhotra, 2001; Holmes & Bonn, 2014). When laboratory activities are framed as verification-oriented, students tend to prioritize procedural accuracy, agreement with theoretical predictions, and correctness of results, often at the expense of deeper sense-making or model evaluation (Cai, Mainhood, Groome, Laverty & McLean, 2020; Sin, 2014). Examining how students navigate this instructional context provides insight into how formal epistemic norms interact with students’ practical epistemologies during experimental validation.

Despite the central role of laboratory work in physics education, limited attention has been given to how secondary students—particularly those at the Grade 10 level—engage in epistemic reasoning during experimental validation tasks. Students at this stage are still developing scientific reasoning skills, yet are increasingly expected to coordinate theory, evidence, and experimental procedures. This study addresses this gap by examining how students engage in key epistemic processes, such as variable control, theory–evidence comparison, and experimental error evaluation, while validating the period of a pendulum.

Prior researches indicate that students’ scientific epistemologies influence how they interpret experimental data, judge the validity of results, and coordinate theory with evidence (Lising & Elby, 2005; Roth & Roychoudhury, 1994; Zeineddin & Abd-El-Khalick, 2010). Studies of epistemic cognition further show that students draw upon a range of epistemic resources—including epistemological beliefs, prior conceptual knowledge, and intuitive reasoning—when engaging in inquiry-based learning environments (Sandoval, 2004; Lin, 2021). In physics education, epistemic beliefs have been linked to learning approaches, self-efficacy, and academic performance (Kapucu & Bahçivan, 2015; Panergayo, Gregana, Panoy & Chua, 2023). However, much of this work has focused on general epistemological orientations rather than on task-specific epistemic reasoning patterns manifested during concrete experimental activities.

Moreover, although some studies have examined laboratory learning at the tertiary level (e.g., Cai et al., 2020) or explored students’ attitudes toward learning physics more broadly (Chiou, Lee & Tsai, 2013; Lin, 2021), fewer investigations have focused on classic physics experiments—such as the pendulum—at the secondary level, particularly within localized educational contexts. This gap is especially evident in the Philippine setting, where research has largely emphasized laboratory facilities and instructional challenges rather than students’ epistemic engagement and reasoning during experimentation (Alerta, Florendo, Salvado, Gonzales, Camomot & Galarpe, 2017; Marasigan & Hadji Abas, 2020; Caballes, Pedrita, Villaren & Diquito, 2024).

By situating epistemological inquiry within a specific instructional and cultural context, the present study seeks to illuminate how Filipino science high school students engage in epistemic processes during a pendulum experiment. Through analysis of students’ reasoning about variable control, theoretical assumptions, experimental error, and model validation, the study aims to identify epistemic reasoning patterns that emerge from verification-oriented laboratory tasks—specifically formal epistemic reasoning and epistemic fragmentation (Lising & Elby, 2005; Tsai, 2000).

The findings are expected to have important implications for physics educators, curriculum developers, and educational researchers seeking to design epistemically rich learning environments that move beyond procedural laboratory work toward authentic scientific inquiry (Chinn & Malhotra, 2001; Holmes & Bonn, 2014). Insights from this study may inform instructional practices that promote deeper scientific reasoning, reflective engagement with uncertainty and error, and more productive orientations toward experimentation. In addition, education policymakers and teacher educators may draw on these findings to support curricula and professional development programs that explicitly foreground epistemic processes and epistemic reasoning. By clarifying how Filipino secondary students reason within specific classroom contexts, this study contributes to broader efforts to enhance scientific literacy, foster epistemic agency, and advance context-sensitive approaches to physics education.

1.1 Research Objectives
The purpose of the study is to investigate the students’ scientific epistemology. Specifically, the study aims to explore the epistemic reasoning patterns of Grade 10 students from the Institute of Science Education, Mindanao State University, Marawi City when validating the period of a simple pendulum.

1.2 Theoretical Framework 
The study is grounded in the intersection of scientific epistemology, epistemic cognition, and physics laboratory instruction, providing a theoretical lens for understanding students’ epistemic reasoning patterns during pendulum validation. 

Scientific epistemology refers to the norms and criteria by which scientific knowledge is generated, validated, and justified, including the coordination of theory and evidence, control of variables, use of mathematical models, and interpretation of uncertainty and error (Chinn & Malhotra, 2001; Kelly et al., 2012; Zeineddin & Abd-El-Khalick, 2010). In physics education, these norms define what counts as acceptable reasoning when evaluating experimental results. In the present study, scientific epistemology serves not as a prescriptive standard for correctness but as an analytic benchmark against which students’ reasoning patterns are interpreted, allowing distinctions to be made between reasoning that aligns with canonical scientific practices and reasoning that remains partial, intuitive, or loosely connected to theory (Sandoval, 2004).

Students’ engagement with these epistemic norms is mediated by their epistemic cognition, understood as the ways learners reason about knowledge and knowing in action during inquiry (Sandoval, 2004). Following Lising and Elby (2005), this framework distinguishes between formal epistemic reasoning, characterized by explicit coordination of theory and evidence, and practical epistemic reasoning, which is context-sensitive, experience-based, and often grounded in intuition. Importantly, practical epistemic reasoning is not treated as a deficit but as a productive starting point that can either support or constrain epistemic development depending on how it is connected to formal models (Sin, 2014). Epistemic fragmentation in this study is therefore interpreted as a misalignment or incomplete integration between intuitive reasoning and formal epistemic standards, rather than a simple lack of understanding.

The instructional framing of laboratory tasks plays a critical mediating role in shaping how students’ epistemic cognition is activated (Chinn & Malhotra, 2001; Holmes & Bonn, 2014). Verification-oriented laboratories, such as the pendulum experiment used in this study, typically emphasize procedural accuracy, confirmation of known relationships, and comparison between experimental and theoretical values. While such tasks can support formal epistemic reasoning by foregrounding model testing and error analysis, they may also constrain opportunities for epistemic agency if students focus primarily on procedural completion rather than epistemic justification (Holmes & Bonn, 2014; Cai et al., 2020). Within this context, students’ epistemic reasoning patterns are expected to emerge through how they interpret the purpose of variable manipulation, justify comparisons between theory and data, and conceptualize experimental error.

1.3 Conceptual Framework 
Figure 1 presents the conceptual framework guiding this study of Grade 10 students’ epistemic reasoning patterns during the validation of the period of a simple pendulum. The framework illustrates how laboratory task framing in a verification-oriented physics experiment shapes students’ epistemic engagement and leads to observable reasoning outcomes.

Laboratory Task Framing
(Verification of Pendulum’s Period )
Students’ Epistemic Resources
· Prior Knowledge
· Epistemological Beliefs
· Intuitive Reasoning
Epistemic Processes
· Variable control (length, mass, amplitude)
· Theory-Evidence Comparison
· Error Evaluation
Epistemic Reasoning Patterns
· Formal Epistemic Reasoning
· Epistemic Fragmentation























Figure 1. Conceptual Framework

At the core of the framework is the verification of the pendulum’s period using the mathematical model T=2π√(L/g), which establishes the epistemic expectations of the activity, including procedural accuracy, comparison with theoretical predictions, and alignment between empirical results and established scientific laws. This task framing activates students’ epistemic resources, such as prior conceptual knowledge, epistemological beliefs, and intuitive reasoning, representing their practical epistemologies.

These epistemic resources enable students to engage in key epistemic processes, including controlling experimental variables, comparing theoretical and experimental data, and evaluating experimental error. Engagement in these processes results in distinct epistemic reasoning patterns, namely formal epistemic reasoning, characterized by coherent theory–evidence coordination, and epistemic fragmentation, characterized by isolated or inconsistent reasoning.
Overall, the framework highlights how verification-oriented laboratory tasks influence students’ epistemic reasoning through the activation of epistemic resources and engagement in epistemic processes, enabling analysis of how students justify claims, interpret discrepancies, and apply epistemic criteria during pendulum validation. 

2. METHODOLOGY

2.1 Research Design
This study employed a qualitative research design to investigate Grade 10 students’ scientific epistemology in the context of validating the period of a pendulum. A qualitative approach was considered appropriate for gaining in-depth insights into students’ cognitive and reasoning processes, particularly how they construct, evaluate, and validate scientific knowledge during hands-on investigative activities (Creswell & Poth, 2018). By focusing on students’ epistemic reasoning patterns in a specific classroom context, the study aimed to reveal not only whether students could validate theoretical predictions but also how they justified claims, interpreted evidence, and coordinated theory with empirical observations.

2.2 Participants
The study was conducted during the fourth quarter of the 2024–2025 academic year at the High School Department of the Institute of Science Education, Mindanao State University in Marawi City, Philippines. ISED SHS is a specialized secondary unit of the Mindanao State University established in 1980 with a long tradition of excellence in science and mathematics education, aimed at equipping students with strong conceptual understanding and higher order scientific skills (Institute of Science Education – Science High School [ISED–SHS], n.d.).

A total of 30 Grade 10 students participated in the study, comprising 8 males and 22 females, with an average age of 16 years. All participants had completed ten science subjects—three in physics, three in chemistry, three in biology, and one in integrated science—providing them with a substantial foundation in scientific inquiry and experimental practice. The students primarily came from families with professional backgrounds in public and private sectors, reflecting a generally educated and socioeconomically stable demographic. As learners in a science intensive high school context, the participants’ prior academic experiences likely contributed to more advanced epistemic engagement than might be expected in schools following the standard DepEd curriculum., This contextual characteristic was taken into account during the interpretation of the study’s findings.

2.3 Data Gathering
Data collection was embedded within a classroom-based laboratory investigation on pendulum motion and was intentionally designed to capture students’ epistemic reasoning without prior explicit instruction or discussion of the target concepts. Before engaging in the laboratory activity, no formal discussion, lecture, or guided explanation regarding the theoretical relationships governing the period of a simple pendulum, variable effects, or experimental error analysis was conducted. This design ensured that students’ responses reflected their existing epistemic resources and reasoning-in-action rather than recall of recently taught explanations.

The 30 participants were organized into small groups of five and collaboratively performed a structured experimental activity focused on investigating the period of a simple pendulum. This group-based laboratory task constituted Part I of the Scientific Epistemology in Pendulum Validation Instrument (SEPVI) and required students to collectively manipulate variables, obtain measurements, and compare experimental results with theoretical expectations.

Upon completion of the laboratory activity, students individually completed Part II of the SEPVI, a six-item open-ended questionnaire designed to elicit their personal epistemic reasoning during the pendulum validation process. Although the experimental procedures were carried out collaboratively, the written responses reflected students’ individual interpretations, justifications, and evaluative judgments. The questionnaire examined students’ consideration of evidence, coordination of theory and data, interpretation of discrepancies, and understanding of experimental error and model assumptions. The SEPVI was developed by the researcher and validated by experts in physics education to ensure content relevance, clarity, and alignment with the study’s theoretical and conceptual frameworks.

2.4 Data Analysis
All student responses were transcribed verbatim and analyzed using thematic analysis following Braun and Clarke’s (2006) six-phase approach. This included familiarization with the data, generation of initial codes, identification and review of themes, and final refinement. The analysis focused on capturing patterns in students’ reasoning about evidence, theoretical validation, and conceptions of scientific knowledge. Responses were coded according to epistemic reasoning patterns, guided by the study’s conceptual framework. Two primary patterns were identified: formal epistemic reasoning, encompassing coherent, integrated application of scientific principles—including variable control, theory–evidence coordination, validation of theoretical predictions, and evaluation of experimental error—and epistemic fragmentation, encompassing responses characterized by isolated, surface-level, or inconsistent reasoning, procedural focus without conceptual integration, or misinterpretation of theoretical concepts. The classification was justified by explicit criteria drawn from both normative scientific epistemology and students’ situated reasoning, reflecting the interaction of formal epistemic norms and practical epistemologies in classroom experiments. Coding was conducted independently by two researchers, with discrepancies discussed until consensus was reached, ensuring inter-coder reliability (Nowell, Norris, White & Moules, 2017). Frequencies and percentages of each epistemic reasoning pattern were calculated to provide a descriptive overview of students’ engagement during pendulum validation.

2.5 Ethical Considerations
The study adhered to established ethical standards for conducting research with minors in educational settings. Prior to data collection, informed consent was obtained from all participants’ parents or legal guardians. Participants were assured that their responses would remain confidential and anonymous, and that their identities would not be linked to the data. They were also informed of their right to withdraw from the study at any time without any negative consequences. Additionally, care was taken to ensure that the research process posed no risk to the students’ well-being or academic standing.

3. RESULTS AND DISCUSSION

3.1 Results
Students’ epistemic reasoning in validating the period of a pendulum was analyzed using their responses to six open-ended questions (N = 30). 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.

Table 1. Students’ epistemic reasoning patterns in validating the period of a pendulum

	Question
	Themes of Students’ Answers
	Epistemic Reasoning Patterns
	Number (%) of Students
	Example of Student’s Answer

	1. Why do we need to test/verify the period of the pendulum?
	Validation of Theoretical Models
	Formal epistemic reasoning
	13 (43.3%)
	“So that we can assure or ensure that the theoretical model is accurate. This is to confirm that the theoretical predictions align with actual observations.” (Respondent 7)

	
	Exploring the Factors Affecting the Period of Pendulum
	Formal epistemic reasoning
	8 (26.7%)
	“I think it is important to test/verify the period of the pendulum so that we can gain more knowledge regarding the physics principles associated with the experiment. It allows people to learn how different factors, such as the length of the string, mass of the bob, or angular amplitude at which the bob is released, can affect the motion/movement of the pendulum. It also allows people to learn the theoretical period of the motion and its percent experimental error in order to realize the imperfections in the setup and how these can be fixed.” (Respondent 16)

	
	Accuracy of Experimental Result
	Formal epistemic reasoning
	3 (10.0%)
	“This helps us know the accuracy of the experiment conducted.” (Respondent 3)

	
	Exploring the Pendulum Motion
	Epistemic fragmentation
	4 (13.3%)
	 “We need to test/verify the period of the pendulum because we will determine if there is a force applied, if there is force applied then it is an initial velocity which means there is a KE from the start.” (Respondent 15)

	
	It’s All About Physics
	Epistemic fragmentation
	2 (6.7%)
	“I think it is because it’s the casual factor in a research. And I think it has something to do with Physics.” (Respondent 14)

	2. Why do we need to vary the length of the pendulum?

	Observing the Effects of Varying Length on Period
	Formal epistemic reasoning
	14 (46.7%)
	“We vary the length of the pendulum to see how it changes the time it takes for the pendulum to complete one swing.” (Respondent 24)

	
	Confirming the Relationship Between Pendulum Length and Period
	Formal epistemic reasoning
	14 (46.7%)
	“The length of the pendulum directly affects its period, as the period increases with the square root of the length. By varying the length, we can explore and confirm this relationship, demonstrating how the pendulum’s motion depends on its geometry.” (Respondent 5)

	
	Understanding the Importance of Length in Pendulum Period
	Epistemic fragmentation
	2 (6.7%)
	“To be able to know the importance of length.” (Respondent 28)

	3. Why do we need to vary the mass of the pendulum bob?

	Confirming the Theoretical Independence of Mass on Period
	Formal epistemic reasoning
	10 (33.3%)
	“We vary the mass of the pendulum bob to confirm that the period remains independent of mass, as predicted by the theoretical model. This helps us see the validation of the principle that the pendulum’s motion depends primarily on its length and gravity, not the bob’s mass.” (Respondent 8)

	
	Exploring the Effect of Mass on Period
	Epistemic fragmentation
	15 (50.0%)
	“Varying the mass of the pendulum bob helps us identify the effects of the mass of the bob on the period of the pendulum, allowing us to identify the relationship between the mass of the pendulum bob and the period of the pendulum.” (Respondent 16)

	
	Experimental Misinterpretations of Mass Effects on Pendulum Period
	Epistemic fragmentation
	5 (16.7%)
	“We need to vary the mass of the pendulum bob because it affect the data in such a way that when we tried to swing it, the time became slow when the bob has greater mass.” (Respondent 10)

	4. Why do we need to vary the angular amplitude (θ) of the pendulum?
	Observing Effects of angular amplitude on Pendulum’s Period
	Formal epistemic reasoning
	26 (86.7%)
	“We change the starting angle of the pendulum to find out if it affects how long it takes to complete a swing.” (Respondent 24)

	
	Explore Pendulum’s Motion
	Epistemic fragmentation
	4 (13.3%)
	“It allow us to explore the pendulum’s motion to a ideal simple harmonic motion.” (Respondent 4)

	5. Why do we need to compare the experimental value and the theoretical value of the pendulum’s period?

	Accuracy and Validity of the Theoretical Model
	Formal epistemic reasoning
	10 (33.3%)
	“It helps us to validate the theoretical model and identify any discrepancies. It also highlights the limitations of the experimental setup such as friction, air resistance, or measurement formula errors.” (Respondent 4)

“Comparing these values verifies the accuracy of the theoretical formula and identifies any experimental discrepancies. It helps evaluate how well the theoretical assumptions (e.g. no air resistance, perfect pivot) match real-world conditions.” (Respondent 5)

	
	Comparing Experimental and Theoretical Values for Checking Errors/Accuracy
	Formal epistemic reasoning
	20 (66.7%)
	“In my own opinion, I think we need to compare the experimental value and the theoretical value of the pendulum’s period to check if our measurements are correct or if the theory accurately predicts the results of pendulum’s period.” (Respondent 9)

	6. Why do we need to calculate the experimental error?

	Evaluating Experiment Reliability and Accuracy
	Formal epistemic reasoning
	14 (46.7%)
	“I believe it is to check the accuracy and reliability of our experimental results and maybe identify where might be the mistakes in the experiment.” (Respondent 9)

	
	Quantifying the Experimental Errors
	Formal epistemic reasoning
	8 (26.7%)
	“To quantify the difference between the measured and theoretical values.” (Respondent 8)

	
	Improving the Experiment
	Formal epistemic reasoning
	6 (20.0%)
	“We calculate the experimental error to find out how different the measured results are from the expected values and to help improve the experiment.” (Respondent 24)

	
	Determine the Relationship of the Factors Affecting the Period of the Pendulum
	Epistemic fragmentation
	2 (6.7%)
	“Based on my understanding, calculating the experimental error will help us discover the relationship between: (1) the length of the pendulum and its period, (2) the mass of the bob of a pendulum and its period, and (3) the angular amplitude of a pendulum and its period.” (Respondent 2)



Responses to the first question, “Why do we need to test/verify the period of the pendulum?”, showed that 13 students (43.3%) referred to validating theoretical models, 8 students (26.7%) emphasized exploring factors affecting the pendulum’s period, and 3 students (10.0%) highlighted the accuracy of experimental results; all of these responses were categorized as formal epistemic reasoning. In contrast, 4 students (13.3%) discussed pendulum motion in general, and 2 students (6.7%) provided broad references to physics, both of which were classified as epistemic fragmentation.
For the second question, “Why do we need to vary the length of the pendulum?”, 14 students (46.7%) described observing the effect of length on the period, and another 14 students (46.7%) focused on confirming the relationship between pendulum length and period; both response types were categorized as formal epistemic reasoning. Two students (6.7%) mentioned the importance of length without further explanation, which was classified as epistemic fragmentation.
Regarding the third question, “Why do we need to vary the mass of the pendulum bob?”, 10 students (33.3%) focused on confirming the theoretical independence of mass on the period, representing formal epistemic reasoning. In contrast, 15 students (50.0%) explored the effect of mass on the period, and 5 students (16.7%) expressed misinterpretations of mass-related effects; these responses were categorized as epistemic fragmentation.
In response to the fourth question, “Why do we need to vary the angular amplitude of the pendulum?”, 26 students (86.7%) indicated that changing the starting angle allowed observation of its effect on the pendulum’s period, which was classified as formal epistemic reasoning. Four students (13.3%) described exploring pendulum motion more generally and were categorized as epistemic fragmentation.
For the fifth question, “Why do we need to compare the experimental value and the theoretical value of the pendulum’s period?”, 10 students (33.3%) emphasized the accuracy and validity of the theoretical model, while 20 students (66.7%) focused on checking experimental errors or accuracy; all responses were categorized as formal epistemic reasoning.
Finally, for the sixth question, “Why do we need to calculate the experimental error?”, 14 students (46.7%) referred to evaluating experimental reliability and accuracy, 8 students (26.7%) described quantifying experimental errors, and 6 students (20.0%) focused on improving the experiment; these responses were classified as formal epistemic reasoning. Two students (6.7%) discussed relationships among pendulum variables without explicit reference to error calculation and were categorized as epistemic fragmentation.
Overall, students’ responses across the six questions were predominantly classified as formal epistemic reasoning, with higher frequencies observed in questions related to pendulum length, angular amplitude, comparison of experimental and theoretical values, and experimental error calculation. Responses categorized as epistemic fragmentation occurred more frequently in questions concerning pendulum mass and in general or surface-level explanations.

3.2	Discussions

3.2.1	Why do we need to test/verify the period of the pendulum?
Students’ responses to the first question indicate a generally well-developed epistemic orientation toward scientific validation. A substantial proportion of students framed the need to test or verify the pendulum’s period in terms of validating theoretical models, exploring relevant variables, and assessing experimental accuracy. These responses reflect formal epistemic reasoning, characterized by an understanding that scientific knowledge is tentative, model-based, and justified through empirical evidence (Hofer & Pintrich, 1997; Kelly et al., 2012). From a theoretical perspective, this pattern aligns with epistemologically authentic inquiry, where learners coordinate theory and evidence rather than treating experiments as mere procedural tasks (Chinn & Malhotra, 2001).

The presence of epistemic fragmentation among a smaller subset of students—those who referred vaguely to “physics” or general motion without explicit justification—suggests that some learners still view experimentation as an activity disconnected from theory. Similar findings have been reported by Roth and Roychoudhury (1994) and Shana and Abulibdeh (2020), who noted that students may engage in laboratory work without recognizing its epistemic purpose.

These findings highlight the importance of explicitly framing laboratory activities as tools for theory testing and refinement. Instructional practices that foreground the role of models, assumptions, and evidence—particularly through structured pre-laboratory and post-laboratory discussions—may further strengthen students’ epistemic engagement and understanding of scientific knowledge construction (Holmes & Bonn, 2014; Cai et al., 2020).

3.2.2 Why do we need to vary the length of the pendulum?
Nearly all students demonstrated formal epistemic reasoning when explaining the need to vary the pendulum’s length. Many articulated either the observation of systematic changes in the period or the confirmation of the theoretical length–period relationship. This finding suggests that students were able to meaningfully connect empirical manipulation with mathematical and conceptual models, an indicator of mature epistemic beliefs about physics knowledge (Tsai, 2000; Chiou et al., 2013).

The clarity of this reasoning may be attributed to the salience of length as a variable that is both mathematically explicit and experimentally observable. Prior studies show that students are more likely to engage in model-based reasoning when relationships are clearly represented and repeatedly emphasized in instruction (Lising & Elby, 2005; Lin, 2021).

Accordingly, laboratory instructional designs that emphasized explicit variable–outcome relationships, supported by graphical and mathematical representations, can further promote formal epistemic reasoning. Such designs align with calls for laboratory activities that prioritize conceptual coherence and epistemic purpose over procedural completion (Çildir, 2010; Sutarja, Wulandari, Tamam, Rahmah & Nuryanti, 2024).

3.2.3 Why do we need to vary the mass of the pendulum bob?
Responses to the mass variation question revealed the highest incidence of epistemic fragmentation. While one-third of the students correctly recognized that the period is theoretically independent of mass, the majority either explored mass as a causal factor or expressed intuitive misconceptions, such as heavier bobs swinging more slowly. This pattern reflects a well-documented tension between everyday intuition and formal scientific models (Sin, 2014; Roth & Roychoudhury, 1994).

From an epistemological standpoint, these responses suggest that many students relied on phenomenological reasoning rather than model-based justification. Hofer and Pintrich’s (1997) framework explains this as an intermediate epistemic stage in which learners treat knowledge as derived from direct experience rather than coordinated with theory. Similar difficulties have been reported in physics education research, where students struggle to reconcile empirical observations with idealized assumptions (Zeineddin & Abd-El-Khalick, 2010; Wati, Widodo & Indana, 2023).

To mitigate epistemic fragmentation in this context, instruction should deliberately surface and interrogate students’ intuitive beliefs. Designing laboratory tasks that incorporate prediction–observation–explanation cycles, along with guided epistemic reflection, can help students recognize the limitations of intuition and develop greater appreciation for the explanatory and predictive power of theoretical models (Chinn & Malhotra, 2001; Lin, 2021).

3.2.4 Why do we need to vary the angular amplitude (θ) of the pendulum?   
The overwhelming majority of students demonstrated formal epistemic reasoning when discussing angular amplitude. Students recognized that varying the starting angle allows examination of its effect on the pendulum’s period, reflecting an understanding of controlled experimentation and variable isolation. This finding suggests that students were able to engage in procedural–epistemic coordination, where experimental manipulation is tied to a specific epistemic aim, consistent with findings that students can perceive laboratory activities as contributing to scientific knowledge construction rather than mere procedure (Finne, Gammelgaard & Christiansen, 2022; Holmes & Bonn, 2014).

The relatively small proportion of fragmented responses indicates that some students still viewed amplitude variation as general exploration rather than hypothesis-driven inquiry. Nonetheless, the dominance of formal reasoning suggests that repeated exposure to controlled-variable reasoning in laboratory settings supports epistemic development (Kapucu & Bahçivan, 2015). Accordingly, maintaining structured inquiry tasks that emphasize the epistemic purpose of varying a single parameter can reinforce students’ understanding of experimental control as a foundational component of scientific reasoning (Kelly et al., 2012; Cai et al., 2020).

3.2.5 Why do we need to compare the experimental value and the theoretical value of the pendulum’s period? 
All student responses to this question were classified as formal epistemic reasoning, indicating a strong appreciation of the role of comparison in scientific validation. Students recognized that discrepancies between experimental and theoretical values serve as indicators of model limitations, measurement error, or violated assumptions. This reflects an advanced epistemic view in which scientific knowledge is evaluated through coherence between theory and evidence (Hofer & Pintrich, 1997; Zeineddin & Abd-El-Khalick, 2010).

Such reasoning aligns with prior research showing that explicit comparison tasks promote deeper epistemic engagement by positioning students as evaluators of knowledge rather than passive recipients (Holmes & Bonn, 2014; Lin, 2021). From an instructional standpoint, physics teaching should consistently integrate comparison and evaluation tasks to strengthen students’ epistemic agency. Emphasizing uncertainty, assumptions, and error analysis can further normalize the tentative and revisable nature of scientific knowledge (Galamba, 2024).

3.2.6 Why do we need to calculate the experimental error?  
Students’ explanations for calculating experimental error further demonstrated predominantly formal epistemic reasoning. Most students associated error analysis with evaluating reliability, quantifying deviations, and improving experimental design. These responses indicate an understanding that error is not merely a mistake but an epistemic tool for refining knowledge claims (Sandoval, 2004; Rohmah, Fitriani & Winarno, 2024).

A small number of fragmented responses suggest lingering confusion between error analysis and variable relationship testing. Similar misunderstandings have been documented in laboratory-based studies, particularly when error analysis is taught procedurally rather than epistemically (Cai et al., 2020; Ulwan, Enawaty, Muharini, Hairida & Lestari, 2024). From an instructional perspective, error analysis should be positioned as an integral component of knowledge construction, emphasizing its role in strengthening scientific claims and refining models rather than treating it as a peripheral calculation (Holmes & Bonn, 2014; Lammert, Sharma & Hand, 2023).

Taken together, the findings indicate that Grade 10 students from the Institute of Science Education – Science High School (ISED SHS) predominantly engaged in formal epistemic reasoning, particularly when laboratory tasks explicitly connected experimental procedures to theoretical models. Epistemic fragmentation was observed primarily in contexts where intuitive reasoning conflicted with formal scientific principles, most notably in responses concerning the variation of pendulum mass. These patterns align with prior research highlighting that epistemic reasoning is highly context-sensitive and mediated by both students’ prior knowledge and the structure of instructional tasks (Lising & Elby, 2005; Lin, 2021). The advanced science curriculum and sustained exposure to physics from Grades 8 to 10 at ISED SHS likely amplified students’ ability to coordinate theory and evidence, underscoring how specialized learning environments can scaffold more sophisticated epistemic engagement compared to regular curriculum schools.

From a practical perspective, the results underscore the importance of laboratory instruction that foregrounds epistemic objectives—such as model validation, evidence-based justification, and uncertainty evaluation—over mere procedural completion. For research, the study contributes valuable insights into secondary students’ epistemic engagement in physics laboratories, particularly within the Philippine context, where empirical studies of high-achieving science learners are limited (Alerta et al., 2017; Caballes et al., 2024). These findings suggest that embedding explicit epistemic aims in experimental design, combined with reflective guidance, may foster deeper understanding of scientific practices and better prepare students to navigate the interplay between intuition and formal theory.

3.3	 Limitations of the Study
This study was limited by its context-specific sample of 30 Grade 10 students from an advanced science high school, where sustained exposure to a rigorous science curriculum and laboratory experiences likely enhanced their epistemic reasoning. As a result, the findings may not generalize to students in regular curriculum schools, such as DepEd schools, where science instruction is less intensive. The observed reasoning patterns should therefore be interpreted as characteristic of a specialized learning environment rather than representative of all secondary-level learners.

Another limitation lies in the reliance on written responses to open-ended questions as the primary data source. While this method captured students’ articulated reasoning, it may not reflect their real-time cognitive processes during experimentation. Some students may have understood concepts more deeply than their written responses suggested, while others may have relied on recall or expectations. Additionally, thematic coding, despite inter-coder checks, remains interpretive and subject to potential researcher bias. Future studies could address these limitations by including multiple data sources—such as interviews, think-aloud protocols, or classroom observations—and by incorporating students from regular curriculum schools to examine differences in epistemic reasoning across contexts.

3.4	 Conclusion
This study investigated the epistemic reasoning of Grade 10 students from an advanced science high school as they validated the period of a pendulum through six guided questions. The results showed that students predominantly exhibited formal epistemic reasoning, particularly when responding to questions about varying the pendulum’s length and angular amplitude, comparing experimental and theoretical values, and calculating experimental error. In contrast, epistemic fragmentation was more frequent in questions concerning the mass of the pendulum bob and in general or surface-level explanations. These patterns indicate that students were largely able to connect observations with theoretical principles, though intuitive or incomplete reasoning persisted in certain contexts. 

The findings highlight that sustained engagement with a rigorous science curriculum and laboratory activities may support higher levels of structured scientific reasoning, enabling students to coordinate theory and evidence effectively. However, because the participants were from a specialized advanced science high school, the results cannot be generalized to students in regular curriculum schools, where exposure to intensive science instruction may be limited. The study underscores the value of designing instructional strategies that explicitly address gaps in students’ reasoning, particularly in areas prone to epistemic fragmentation, while providing opportunities to strengthen theory-evidence integration.

[bookmark: _GoBack]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

Alerta, M.T., Florendo, R.A., Salvado, C.B., Gonzales, S.M., Camomot, K.G., & Galarpe, V.R. (2017). Students’ perception on physics laboratory equipment in the university of science and technology of southern Philippines. Science International (Lahore), 29(4), 777-781. https://www.sci-int.com/pdf/636371039362287175.%20Alerta-E-1-5-17%20(1).pdf
Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in Psychology, 3(2), 77–101. https://doi.org/10.1191/1478088706qp063oa
Caballes, M.J., Pedrita, N.C., Villaren, J.M., & Diquito, T.A. (2024). Status of Science Laboratories in Secondary Basic Education Public Schools in the Division of Davao Del Sur, Philippines. American Journal of Interdisciplinary Research and Innovation (AJIRI), 3(1), 45-54. https://doi.org/10.54536/ajiri.v3i1.2495
Cai, B., Mainhood, L. A., Groome, R., Laverty, C., & McLean, A. B. (2020). Designing Experiments: Student Learning Experience and Behaviour in Undergraduate Physics Laboratories. arXiv: Physics Education. https://doi.org/10.1103/PHYSREVPHYSEDUCRES.17.020109
Chinn, C. A., & Malhotra, B. A. (2001). Epistemologically authentic inquiry in schools: a theoretical framework for evaluating inquiry tasks. Wiley Periodicals, Inc. Science Education, 86, 175-218. https://doi.org/10.1002/sce.10001
Chiou, G. L., Lee, M. H., & Tsai, C. C. (2013). High school students’ approaches to learning physics with relationship to epistemic views on physics and conceptions of learning physics. Research in Science & Technological Education, 31(1), 1–15. https://doi.org/10.1080/02635143.2013.794134
Çildir, S. (2010). Application of Task Analysis Method to Physics Laboratory Experiments. International Journal of Research, 1(2), 54–60. Retrieved from https://dergipark.org.tr/tr/download/article-file/90225
Creswell, J.W. and Poth, C.N. (2018). Qualitative inquiry and research design choosing among five approaches (4th ed). SAGE Publications.
Finne, L. T., Gammelgaard, B., & Christiansen, F. V. (2022). When the lab work disappears: Students’ perception of laboratory teaching for quality learning. Journal of Chemical Education, 99(4), 1766–1774. https://doi.org/10.1021/acs.jchemed.1c01113
Galamba, A. (2024). Can We Teach Physics for Epistemic Justice. Gondola, 19(2), 375–387. https://doi.org/10.14483/23464712.21923
Hofer, B. K., & Pintrich, P. R. (1997). The Development of Epistemological Theories: Beliefs About Knowledge and Knowing and Their Relation to Learning. Review of Educational Research, 67(1), 88-140. https://doi.org/10.3102/00346543067001088
Holmes, N. G., & Bonn, D. A. (2014). Doing Science Or Doing A Lab? Engaging Students With Scientific Reasoning During Physics Lab Experiments. Physics Education Research Conference 2013, 185–188. https://doi.org/10.1119/PERC.2013.PR.034
Institute of Science Education – Science High School. (n.d.). MSU Main – Institute of Science Education (Science High School). Mindanao State University – Main Campus. https://www.msumain.edu.ph/ised-shs/
Kapucu, S., & Bahçivan, E. (2015). High school students’ scientific epistemological beliefs, self-efficacy in learning physics and attitudes toward physics: a structural equation model. Research in Science & Technological Education, 33(2), 252–267. https://doi.org/10.1080/02635143.2015.1039976
Kelly, G.J., McDonald, S., Wickman, PO. (2012). Science Learning and Epistemology. In: Fraser, B., Tobin, K., McRobbie, C. (eds) Second International Handbook of Science Education. Springer International Handbooks of Education, vol 24. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-9041-7_20
Lammert, C., Sharma, R., & Hand, B. (2023): Beyond pedagogy: the role of epistemic orientation and knowledge generation environments in early childhood science Teaching. International Journal of Science Education,45(6), 431-450. https://doi.org/10.1080/09500693.2022.2164474
Lin, T. J. (2021). High school students’ epistemic knowledge profiles and their multifaceted learning engagement in science. Research in Science & Technological Education, 41(3), 1088–1100. https://doi.org/10.1080/02635143.2021.1985446
Lising, L., & Elby, A. (2005). The impact of epistemology on learning: A case study from introductory physics. American Journal of Physics, 73(4), 372–382. https://doi.org/10.1119/1.1848115
Marasigan, A.C. & Hadji Abas, H. T., (2020). Readiness Of Science Laboratory Facilities of the Public Junior High School in Lanao Del Sur, Philippines (June 01, 2020). Available at SSRN: https://ssrn.com/abstract=5075822 or http://dx.doi.org/10.2139/ssrn.5075822
Nowell, L. S., Norris, J. M., White, D. E., & Moules, N. J. (2017). Thematic analysis: Striving to meet the trustworthiness criteria. International Journal of Qualitative Methods, 16(1), 1–13. https://doi.org/10.1177/1609406917733847
Panergayo, A.A. E., Gregana, C. F., Panoy, J. D., & Chua, E. N. (2023). Epistemological Beliefs and Academic Performance in Physics of Grade 12 Filipino STEM Learners. Jurnal Pendidikan Progresif, 13(1), 16-24. https://doi.org/10.23960/jpp.v13.i1.202302
Rohmah, Y., Fitriani, N. A. & Winarno, A. (2024). Epistemology of Science in Scientific Research. Jurnal Bintang Manajemen, 2(4), 134–140. https://doi.org/10.55606/jubima.v2i4.3430
Roth, W. & Roychoudhury, A. (1994). Physics students' epistemologies and views about knowing and learning, Journal of Research in Science Teaching, 31(1), 5-30. https://doi.org/10.1002/tea.3660310104
Sandoval, W. A. (2004). Understanding students’ practical epistemologies and their influence on learning through inquiry. Wiley Periodicals, Inc. Science Education, 89, 634-656. https://doi.org/10.1002/sce.20065
Shana, Z., & Abulibdeh, E. S. (2020). Science practical work and its impact on students’ science achievement. Journal of Technology and Science Education, 10(2), 199–215. https://doi.org/10.3926/jotse.888
Sin, C. (2014). Epistemology, Sociology, and Learning and Teaching in Physics. Science Education, 98(2), 342–365. https://doi.org/10.1002/SCE.21100
Sutarja, M.C., Wulandari, A.R., Tamam, B., Rahmah, F., & Nuryanti, E. (2024). Profile of Students’ Scientific Reasoning Skills in Traditional Physics Laboratory Activity. SHS Web of Conferences, 205, 01012. https://doi.org/10.1051/shsconf/202420501012
Tsai, C. (2000). Relationships between student scientific epistemological beliefs and perceptions of constructivist learning environments. Educational Research, 42(2), 193-205. https://doi.org/10.1080/001318800363836
Ulwan, R., Enawaty, E., Muharini, R., Hairida, H., & Lestari, I. (2024). Description of Science Literacy Epistemic Knowledge Ability of Chemistry Education Students on the Material of Colligative Properties of Solutions. Hydrogen: Jurnal Kependidikan Kimia, 12(6), 1512-1519. https://doi.org/10.33394/hjkk.v12i6.14230
Wati, D.A., Widodo, W., & Indana, S. (2023). Identify student’s scientific reasoning skill in straight motion material. International Journal of Current Educational Research, 2(1), 39-47. https://doi.org/10.53621/ijocer.v2i1.195
Zeineddin, A. & Abd-El-Khalick, F. (2010). Scientific reasoning and epistemological commitments: coordination of theory and evidence among college science students. Journal of Research in Science Teaching, 47(9), 1064-1093. https://doi.org/10.1002/tea.20368





APPENDIX


Scientific Epistemology in Pendulum Validation Instrument (SEPVI)



Name: ____________________________________________________________	Date: _________________

PART 1
Experimental Activity: Investigating the Period of a Pendulum

OBJECTIVES: Students will investigate the relationship between: (1) the length of a pendulum and its period, (2) the mass of the bob of a pendulum and its period, and (3) the angular amplitude of a pendulum and its period.

MATERIALS NEEDED
	· Strings 
· Sets of cylindrical weights 
· Stopwatch
· Ruler 
	· Protractor 
· Calculator
· Iron Stand
· Table







PROCEDURES
I. Varying the length of the pendulum
A. Setup the Pendulum
1. Put the iron stand on the top of the table.
2. Cut a string of 70 cm length.
3. Tie a pendulum bob (cylindrical mass) of mass m=50 g at one end of the string.
4. Tie the other end of the string to the horizontal rod/bar support at the top of the stand. See to it that a net length of 50 cm of the string from the tied weight to the tied point of the rod/bar horizontal support on the iron stand is observed. This will serve now as the net length of length (L) of the pendulum needed. Ensure that the bob (cylindrical mass) can swing freely without obstruction.
5. Raise the pendulum bob (cylindrical mass) at 45 from the vertical equilibrium line/position. Use a protractor to measure the angle. See the figure below.





Angular Amplitude 
Iron Stand
Bar support
Stopper
Bob
String
Vertical Equilibrium Line/Position
 45


























B. Conduct the Observation/Measurement of the Period T of the Pendulum
6. Practice. Again pull/raise the pendulum bob at 45° angle from the vertical equilibrium line/position. Measure the angle using the protractor. See the figure on step #5. Assign one student to do this.
7. Another student is assigned to operate on the stopwatch. Use the stopwatch to measure the time it takes for the pendulum to complete one (1) full swing (back and forth motion). See to it that the student holding the pendulum bob will signal the other student holding the stopwatch for time recording. See to it that the release of the bob will synchronize with the start of the stopwatch and the stop of the pendulum bob at its original raised position will synchronize at the stopping of the stopwatch time recording. Stop the stopwatch upon hearing the sound of bumping of the bob to the metallic sheet stopper. Record the time in the table of data. Make a table of data before the observations are done. Do/repeat it for the second time up to third time as practice.
8. Final Measurement and Recording. Repeat step #7 for three (3) times (serving as three [3] trials) and record the observed/measured period (Te) of the pendulum for each trial in Table 1. Time will be in second or millisecond. 
Task (Table) 1. Periods of pendulum with varying length (L), fixed mass (m) and fixed angular amplitude ()
	Fixed Variable
	Varying Length (L)
	Experimental Period ()
	Theoretical Period ()
	Difference 
(
	% Experimental Error Value

	


	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: _______

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using




	
	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using




	
	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using






9. Repeat step #’s 1 to 8, this time for a net length/length (L) of pendulum of 75 cm. Record the data/measurements in a table 1 similar in step #8.
10. Repeat step #’s 1 to 8, this time for a net length/length (L) of pendulum of 100 cm. Record the data/measurements in a table 1 similar in step #8.
11. [bookmark: _Hlk182993565]Calculate the theoretical period (Tt) of the pendulum using the formula   using the constant values of   and   Calculate the % of experimental error using the formula



Record the calculated/computed values in the table 1.

II. Varying the mass of the pendulum bob
1. Repeat step #’s 3 to 10 in Part 1 but this time set the mass (m) of the pendulum bob to  while the L and  remain the same as  and .
2. Repeat step #1 in Part 2, but this time the mass (m) is set to 
3. Record the data in the table 2 below.

Task (Table) 2. Periods of pendulum with varying mass (m), fixed length (L) and fixed angular amplitude ()
	Fixed Variable
	Varying mass (m)
	Experimental Period ()
	Theoretical Period, ()
	Difference 
(
	% Experimental Error Value

	


	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using




	
	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using




	
	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using






4. Calculate the theoretical period (Tt) of the pendulum using the formula   using the constant values of   and   Calculate the % of experimental error using the formula



Record the calculated/computed values in the table 2.

III. Varying the angular amplitude ) of the pendulum
1. Repeat step #’s 3 to 10 in Part 1 but this time set the angular amplitude () of the pendulum to  while the L and  remain the same as  and .
2. Repeat step #1 in Part 3, but this time the angular amplitude () is set to 
3. Record the data in the table 2 below.

Task (Table) 3. Periods of pendulum with varying angular amplitude (), fixed length (L) and fixed mass (m)
	Fixed Variable
	Varying Amplitude ()
	Experimental Period ()
	Theoretical Period, ()
	Difference 
(
	% Experimental Error Value

	


	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using




	
	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using




	
	
	Use Stop Watch
Trial 1: _________
Trial 2: _________
Trial 3: _________

Average: ________

	Calculate T using



	Calculate the difference between  and 




	Calculate the % error using





4. Calculate the theoretical period (Tt) of the pendulum using the formula   using the constant values of   and   Calculate the % of experimental error using the formula



Record the calculated/computed values in the table 3.


PART 2
Open-Ended Questionnaire

INSTRUCTION: Answer the following questions using the language (English-Maranaw-Tagalog) you are most convenient with.
1. Why do we need to test/verify the period of the pendulum?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Why do we need to vary the length of the pendulum? 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Why do we need to vary the mass of the pendulum bob?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. Why do we need to vary the angular amplitude (of the pendulum?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. Why do we need to compare the experimental value and the theoretical value of the pendulum’s period?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6. Why do we need to calculate the experimental error?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________




