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ABSTRACT 

Mathematics learning becomes meaningful when students not only perform 

procedures accurately but also understand concepts and apply effective problem-solving 

strategies. This study examined the relationship between procedural fluency and 

conceptual understanding in mathematics learning, focusing on the mediating role of 

strategic competence among junior high school students in one of the basic education in 

Ozamiz City during the school year 2025–2026. A quantitative explanatory correlational 

design with mediation analysis was employed. The respondents consisted of 180 junior 

high school students, selected from a population of 337 through stratified random 

sampling, from a private non-sectarian educational institution in Ozamiz City, Misamis 

Occidental, Philippines. The data were gathered using three researcher-made instruments: 

the Procedural Fluency Questionnaire (PFQ), Conceptual Understanding Questionnaire 

(CUQ), and Strategic Competence Questionnaire (SCQ). Mean and standard deviation, 

Spearman's rank-order correlation, stepwise multiple regression analysis, and general 

linear mediation analysis were used to analyze the data. Results showed that students 

demonstrated high levels of procedural fluency, strategic competence, and conceptual 

understanding. Significant positive relationships existed among students' procedural 

fluency, strategic competence, and conceptual understanding. Efficiency in problem 

solving, flexibility in applying procedures, appropriateness of procedures, problem 

representation, strategy formulation, evaluation, and justification were predictive of 

conceptual understanding. Strategic competence significantly mediated the relationship 

between procedural fluency and conceptual understanding, indicating a partial mediation 

effect.   The findings highlight that students demonstrated high levels of procedural 
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fluency, strategic competence, and conceptual understanding in mathematics, with 

significant positive relationships among these variables, where problem-solving efficiency 

and related skills predicted conceptual understanding, and strategic competence partially 

mediated the link between procedural fluency and conceptual understanding. Mathematics 

instructors may promote the balanced development of procedural accuracy, conceptual 

reasoning, and strategic problem-solving to support students' holistic mathematical 

proficiency. 

Keywords: conceptual understanding, mathematics learning, mediation analysis,  

                   procedural fluency, strategic competence 
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Chapter 1 

INTRODUCTION 

Rationale of the Study 

Mathematics education is increasingly viewed as a process that extends beyond 

mastering computational procedures towards the development of meaningful 

understanding and problem-solving ability. Research has consistently emphasized that 

effective mathematics learning requires integrating interrelated competencies, particularly 

procedural fluency, conceptual understanding, and strategic competence (Diputra et al., 

2025). However, despite curriculum revisions and pedagogical advances, many learners 

continue to exhibit fragmented mathematical proficiency, defined by procedural accuracy 

without deep conceptual meaning or flexible problem-solving skills (Corrêa & Haslam, 

2021). Educators and researchers have questioned the effectiveness of current instructional 

practices in promoting holistic mathematical learning due to this persistent imbalance. 

Procedural fluency refers to students' ability to carry out mathematical procedures 

accurately, efficiently, and flexibly. Research findings indicate that many students 

demonstrate acceptable procedural performance, particularly on familiar tasks and 

structured exercises (Andal, 2022). However, several studies reveal that procedural fluency 

is frequently developed by rote learning and repetitive practice, leaving students unable to 

rationalize solutions or adapt procedures to new situations (Annurwanda, 2022). Further 

evidence indicates that students often possess more procedural than conceptual knowledge, 

suggesting that procedural fluency alone does not ensure meaningful understanding 

(Manandhar, 2022).  
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Conceptual understanding involves comprehending mathematical concepts, 

relationships, and representations, allowing learners to explain ideas, make connections, 

and apply knowledge across contexts. Research consistently shows that students with a 

solid foundation of conceptual understanding perform better on problem-solving and 

reasoning tasks (Kholid et al., 2021). However, research also shows that conceptual 

understanding is often lacking among students, particularly in algebraic and abstract topics, 

due to instructional approaches that prioritize procedural accuracy over conceptual 

meaning (Copur-Gencturk, 2021). Research further confirms a strong relationship between 

procedural fluency and conceptual understanding, yet highlights that this relationship is 

not automatic and requires sufficient cognitive and instructional support (Cabuquin & 

Abocejo, 2024).  

Strategic competence has emerged as a crucial factor in addressing this gap, as it 

involves the ability to formulate, represent, and solve mathematical problems effectively. 

Strategic competence enables students to select appropriate procedures, adapt strategies, 

and translate real-world situations into mathematical representations (Schulz, 2024). 

Research findings indicate that students who demonstrate strong strategic competence 

exhibit greater flexibility in strategy application and improved problem-solving 

performance (Verschaffel, 2024).  

In this context, the concept of a mediating role is essential for understanding how 

these variables interact. A mediating variable is a variable that explains the mechanism or 

process by which one variable influences another. In this study, strategic competence is 

hypothesized to mediate the relationship between procedural fluency and conceptual 

understanding, meaning that procedural fluency may not directly lead to conceptual 
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understanding unless it is supported by students' ability to use strategies effectively 

(Supriadi & Suherman, 2024). This perspective shifts the focus from merely identifying 

relationships to explaining how and why they occur, providing a deeper understanding of 

the learning process. 

Moreover, studies on mathematical proficiency reveal that students with stronger 

strategic competence are better able to integrate procedural knowledge with conceptual 

understanding, thereby justifying their solutions and drawing meaningful connections 

among mathematical ideas (Mohamed Elsayed, 2022). Empirical evidence suggests that 

strategic competence plays a significant role in distinguishing high-achieving students 

from their peers. Research on primary and secondary learners revealed that strategy variety 

and flexibility are major determinants of mathematical achievement (Bakker et al., 2022). 

Similarly, assessments of prospective teachers revealed that difficulties in mathematical 

performance were often linked to deficiencies in integrating procedures with strategic 

reasoning rather than to procedural errors alone (Elvi, 2025). These findings suggest that 

strategic competence serves as a cognitive bridge, transforming procedural execution into 

conceptual insight. 

Although numerous studies have examined procedural fluency, conceptual 

understanding, and strategic competence as components of mathematical proficiency, most 

existing research has focused either on their direct relationships or on treating them as 

parallel entities. Limited empirical studies have directly examined how strategic 

competence functions as a mediating variable between procedural fluency and conceptual 

understanding (Corrêa, 2021). Recent findings acknowledge the relevance of strategic 

competence, but its role in explaining how procedural skills translate into conceptual 
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understanding remains unclear (Khaerunnisa, 2025). This gap underscores the need for a 

quantitative mediation study examining the indirect effect of procedural fluency on 

conceptual understanding via strategic competence, particularly in secondary mathematics 

contexts where conceptual difficulties are most evident. 

This study was grounded in the need to address the persistent imbalance between 

procedural performance and conceptual understanding in mathematics learning. Research 

findings consistently reveal that students' difficulties in problem representation, strategy 

selection, and solution evaluation hinder their ability to develop deep conceptual 

understanding, even when procedural skills are present (Hariri, 2025). By examining 

strategic competence as a mediating variable, this study seeks to explain how procedural 

fluency contributes to conceptual understanding. Understanding this mechanism is 

essential for designing instructional practices that go beyond memorization and promote 

meaningful mathematical learning.  

The purpose of this study was to determine whether strategic competence mediates 

the relationship between procedural fluency and conceptual understanding among 

mathematics students. The study aimed to assess students' procedural fluency through 

routine and adaptive computational tasks, assess conceptual understanding through 

problem-solving and explanation tasks, and evaluate strategic competence through tasks 

that require strategy selection, planning, and the flexible application of procedures. A 

correlational-mediation research design is employed to explore the interconnections among 

the three variables in authentic learning contexts. 

This study is significant because it provides educators with a deeper understanding 

of how procedural fluency and conceptual understanding interact through strategic 
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competence. Insights from this research can inform teaching practices, curriculum design, 

and assessment strategies that foster a more balanced development of mathematical 

proficiency. Findings may guide teacher training programs to emphasize the cultivation of 

strategic competence alongside procedural and conceptual skills. 

  

Theoretical Framework 

This study was anchored in the Information Processing Theory (IPT) by Atkinson 

& Shiffrin (1968), the Constructivist Learning Theory (CLT) by Piaget (1972), and the 

Mathematical Proficiency Framework (MPF) by Kilpatrick, Swafford, and Findell (2001) 

to explain how procedural fluency and strategic competence influence conceptual 

understanding in mathematics learning. 

Atkinson and Shiffrin (1968) proposed the Information Processing Theory, which 

explains learning as a cognitive process in which information moves through sensory 

memory, short-term memory, and long-term memory, guided by control processes such as 

rehearsal, encoding, and retrieval. Contemporary descriptions of information processing 

further emphasize how perceived inputs are interpreted using prior knowledge and 

integrated into existing memory structures, supporting comprehension and skilled 

performance (Wickens et al., 2021). In mathematics learning, repeated procedural 

engagement promotes skill automation and reduces cognitive load during task execution, 

resulting in more efficient cognitive processing. 

Empirical studies support this theoretical perspective by highlighting the 

significance of structured procedural practice. Instructional approaches that focus on 

recognizing mathematical forms and sequencing examples enhance the encoding of 

procedural knowledge (Leong et al., 2021). Within this framework, retrieval-based 
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learning is viewed as a mechanism that improves memory consolidation by requiring 

students to actively recall previously acquired procedures, hence supporting the 

development of procedural fluency over time (Murray et al., 2025). Spaced retrieval 

practice has also been demonstrated to improve long-term retention of mathematical 

procedures by imposing appropriate cognitive complexity, resulting in more durable 

learning despite temporary performance costs during practice (Lyle et al., 2022).  

Procedural fluency is also associated with students' self-regulated learning 

behaviors, which serve as control procedures that guide attention and execution during 

mathematical tasks (Zebua & Waruwu, 2022). Contemporary cognitive models emphasize 

learning as transitions between memory phases and highlight the importance of 

information-processing mechanisms in learning environments (Huang et al., 2025). The 

IPT explains how procedural fluency enhances cognitive efficiency in mathematics 

learning. As learners retrieve procedures accurately and efficiently, cognitive resources are 

freed for higher-order processes such as planning and monitoring solution steps. This 

cognitive efficiency promotes the development of strategic competence by allowing 

learners to focus on organizing and implementing problem-solving strategies (Leong et al., 

2021). 

Constructivist Learning Theory asserts that learners actively construct knowledge 

by integrating new information with existing experiences through interaction, reflection, 

and interpretation (Piaget, 1972). Learning is an active process in which understanding 

emerges from meaningful engagement, allowing students to explore relationships between 

ideas and construct coherent mental structures. Consistent with this view, active learning 

strategies in mathematics encourage cognitive, social, and physical engagement, allowing 

http://et.al/
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students to collaboratively communicate mathematical ideas and acquire multiple problem-

solving strategies (Vale & Barbosa, 2023). Similarly, constructivist approaches place a 

strong emphasis on student engagement and active participation, encouraging critical 

thinking, creativity, and deeper understanding across subject areas, including mathematics 

(Romdhon et al., 2024). These findings affirm that constructivist learning environments 

support meaningful knowledge construction and improved learning outcomes. 

Research supports this view by highlighting the role of meaningful learning 

environments in mathematics education. Learning becomes meaningful when instruction 

activates prior knowledge and connects mathematical content to learners' experiences 

(Polman et al., 2021). Contextual and social learning approaches further promote 

conceptual understanding. Using various representations improves conceptual 

understanding by enabling learners to translate ideas across symbolic and visual forms 

(Mainali, 2021).  

Instruction aligned with learners' cognitive development stages enhances 

mathematical understanding and proficiency (Rabillas et al., 2023). Constructivist learning 

settings have also been shown to promote mathematical thinking and conceptual growth 

(Angraini et al., 2024). The CLT describes how strategic competence contributes to 

conceptual understanding. Strategic competence enables students to actively construct 

meaning by selecting relevant representations, developing solution plans, and reflecting on 

their problem-solving processes. Through these activities, learners transform procedural 

knowledge into meaningful conceptual understanding by interpreting mathematical 

relationships and principles (Polman et al., 2021). 
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The Mathematical Proficiency Framework conceptualizes mathematics learning as 

the integrated development of five interrelated strands, particularly procedural fluency, 

strategic competence, and conceptual understanding (Kilpatrick et al., 2001). Procedural 

fluency involves the accurate and efficient execution of mathematical procedures; strategic 

competence refers to the ability to formulate and solve problems; and conceptual 

understanding pertains to the comprehension of mathematical concepts and relationships. 

These strands develop in coordination rather than isolation. 

Recent studies applying this framework highlight challenges in the balanced 

development of mathematical proficiency. Studies show that performance in mathematics 

is adversely affected by weaknesses in procedural fluency and strategic competence 

(Altarawneh & Marei, 2021). To enable meaningful learning, instructional practices 

grounded in this framework emphasize balancing procedural skills and conceptual 

understanding (Pelayo et al., 2023). Strategic and instructional interventions have been 

shown to address challenges in mathematics teaching and learning when proficiency 

strands are developed holistically (Brijlall & Ivasen, 2022).  

Research grounded in the MPF indicates that an overemphasis on procedural 

fluency may limit the development of other essential strands of mathematical proficiency. 

Mathematics instruction often prioritizes teacher-centered procedural execution, limiting 

students' ability to explore various strategies and representations (Mothudi, 2022). Such 

practices may constrain the development of strategic competence and conceptual 

understanding, as students are directed through predetermined procedures rather than 

encouraged to design and solve problems independently. Within this framework, strategic 

competence allows for flexible problem-solving, procedural fluency facilitates effective 
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task execution, and their combined growth enhances conceptual understanding by 

connecting procedures with meaningful representations (Altarawneh & Marei, 2021). 

Conceptual Framework 

 

This paper considered procedural fluency as the independent variable, conceptual 

understanding as the dependent variable, and strategic competence as the mediator. 

Procedural Fluency. Procedural fluency refers to students' ability to perform 

mathematical procedures accurately, efficiently, and flexibly across routine and non-

routine tasks. The Mathematics Curriculum Guide identifies procedural mastery as a 

foundational competency that supports problem solving and mathematical reasoning. 

Students with strong procedural fluency show greater accuracy and consistency in multi-

step computations. However, learners who lack procedural knowledge frequently struggle 

with non-routine situations, showing gaps in procedural consolidation (Sukarma et al., 

2023). Well-developed procedural fluency decreases execution errors in adaptive learning 

environments and promotes prolonged engagement with mathematics activities (Oviedo 

Ramirez et al., 2025). 

Recent research highlights that procedural fluency encompasses the meaningful 

application of procedures across a variety of contexts, in addition to speed and accuracy. 

For example, when combined with conceptual explanations, procedural fluency 

considerably improves arithmetic learning (Keazer & Phaiah, 2023). Similarly, students 

with high procedural fluency perform better in problem-solving activities that involve 

adaptation (Star et al., 2022). 

Accuracy in Solving Math Problems. It refers to students' ability to consistently 

provide correct responses. Accuracy provides a solid foundation for more complex 
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problem-solving skills and boosts confidence when completing mathematical assignments. 

Research shows that students with high accuracy prevent error buildup, leading to stronger 

results on multi-step and advanced tasks (Ario et al., 2025). Educators often evaluate this 

through problem sets, testing precision on both easy and tough items. Accuracy closely 

aligns with mastery learning, requiring demonstrated correctness to advance (Mulungye, 

2023). Reliable accuracy in basic math also forecasts achievement in sophisticated 

problem-solving (Silla et al., 2024).  

Efficiency in Solving Math Problems. Efficiency focuses on resolving problems 

correctly while using the fewest possible steps and completing tasks in a reasonable amount 

of time. Effective students can reduce needless cognitive burden while devoting more 

cognitive resources to problem-solving and reasoning (Vessonen et al., 2025). This ability 

is especially useful in time-constrained assessments and when dealing with large-scale sets 

of problems. This is supported by recent studies demonstrating that effective problem 

solvers use cognitive resources more wisely, thereby improving conceptual processing 

(Maries & Singh, 2023). Furthermore, time-saving techniques are linked with improved 

academic achievement, especially on standardized tests (Challagulla & Leddo, 2025). It is 

also stated that efficiency arises when students internalize methods, allowing for 

automaticity without losing comprehension (Rukshana et al., 2025). 

Flexibility in Solving Math Problems. Flexibility emphasizes the ability to solve 

problems using a variety of strategies. To successfully tackle non-routine activities and 

transfer abilities across contexts, learners must change their approaches to the 

situation (Keleş & Yazgan, 2025). Research shows that students who are adept at switching 

between methods typically outperform those who use only one, underscoring the 
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connection between adaptability and flexibility. Strategy diversity improves learning by 

allowing students to compare and improve strategies (Hasim et al., 2024). Likewise, 

flexible thinkers have better mathematical reasoning and transfer abilities (Tusoy & Tan, 

2022). Additionally, it emphasized how exposure to a variety of solution approaches 

promotes deeper understanding and increased skill (Santos-Trigo, 2024). 

Appropriateness of Procedures. This refers to choosing strategies that best fit the 

problem's structure. Students must understand when to apply specific strategies, such as 

factoring versus long division, to achieve effective, contextually sound solutions (Munaji 

et al., 2025). Appropriateness displays deliberate decision-making and reflects the 

integration of judgment and speed in procedural fluency. Supporting this, students who 

evaluate the adequacy of processes show higher-order thinking skills (Gradini et al., 2025). 

Recent research has also shown that using proper techniques improves both efficiency and 

conceptual clarity (Irshid et al., 2023). 

Conceptual Understanding. Conceptual understanding in mathematics involves 

students' ability to comprehend mathematical ideas, recognize relationships, and justify 

solutions. Recent studies show that meaningful involvement and context-based instruction 

help increase conceptual understanding. Conceptual understanding and student 

involvement, especially social engagement, are significantly positively correlated (Balacuit 

et al., 2025). According to reports, students' conceptual understanding and application of 

trigonometric ideas were greatly enhanced by context-based mathematical modeling 

instruction (Fererde et al., 2024). These findings demonstrate that engaging, context-rich 

mathematics learning experiences lead to conceptual understanding. Additionally, by 
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encouraging debate and shared thinking, collaborative learning environments greatly 

enhance students' conceptual comprehension (Guo et al., 2024). 

Comprehension of Mathematical Concepts. It entails understanding the 

significance of rules, procedures, and structures, enabling students to grasp not only how 

but also why processes operate. Strong comprehension enhances retention and supports 

reasoning and application. Concept-based education increased learners' deep 

comprehension, critical thinking, long-term retention, and engagement, suggesting that 

structured chances for conceptual concentration help students comprehend mathematical 

concepts (Ncube & Luneta, 2025). Deep conceptual comprehension arises when students 

actively construct meaning (Maskar & Herman, 2024). When instruction focuses on linking 

representations to underlying principles, comprehension is strengthened (Haque, 2024). 

Application of Concepts in Problem-Solving. It refers to the ability to transfer 

knowledge to new or unfamiliar situations, demonstrating flexibility and originality. 

Conceptual knowledge is crucial for successful problem-solving in real-world and 

transdisciplinary contexts, as demonstrated by interactive digital environments that 

promote deeper understanding and practical application of mathematical concepts across a 

variety of contexts (Sofroniou, 2025). Accordingly, students' ability to convey conceptual 

information is enhanced through real-world applications (Sujatha & Vinayakan, 2023). 

Through interactive problem-solving exercises, technology-supported learning 

environments enhance application abilities (Cirneanu & Moldoveanu, 2024). Additionally, 

students are better at applying their knowledge across fields when they have a solid 

conceptual foundation (Vettriselvan et al., 2025). 
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Making Connections Across Topics. It emphasizes integrating mathematical ideas 

across domains to build cohesive knowledge structures, enhance transfer, and prevent 

fragmented understanding. Although students frequently relied too much on procedural 

methods, such as the vertical-line exam in functions, focused treatments helped students 

make connections across representations, improving comprehension and encouraging 

relational thinking (Ayeh, 2025). Interconnected knowledge structures contribute to better 

long-term learning results (Assefa, 2024). Furthermore, conceptual coherence is improved 

by linking several representations (Hatisaru, 2023). Cross-topic links facilitate in-depth 

mathematical reasoning and problem solutions (Basid et al., 2024). 

Reasoning and Justification. It involves providing logical explanations and 

defending solutions, allowing learners to move from rote computation to evidence-based 

argumentation. Scaffolds that encourage students to conceptualize problems before solving 

them improve strategy selection, perseverance, and affect regulation, highlighting that 

guiding students to reflect and articulate their mathematical thinking reinforces reasoning 

and justification (DiNapoli & Miller, 2022). This is further supported by the fact that 

thinking is essential to mathematical competence and fosters conceptual development 

(Pasigon, 2024). Furthermore, justification activities enhance students' capacity to 

formulate mathematical arguments (Zuliyanti & Rizkianto, 2022). Additionally, recent 

research shows that reasoning-based training improves critical thinking and conceptual 

understanding (Hadi et al., 2024). 

Strategic Competence. It refers to students' ability to formulate, represent, and 

solve problems by selecting, adapting, and reflecting on solution strategies. Students' use 

of multiple representations in rational number problems may deepen conceptual 
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understanding when they are encouraged to transfer between and construct representations 

rather than rely solely on conventional forms (Jäder & Johansson, 2025). Similarly, 

strategic competence had the greatest overall impact on productive disposition, 

underscoring its role in transforming procedural knowledge into conceptual understanding 

(Khaerunnisa et al., 2025). Learners can progress from imitative reasoning to creative 

mathematical reasoning when they possess strategic competence (Dhungana & Thapa, 

2023). These studies present strategic competence as an active mediator that uses strategic 

thinking and adaptable problem-solving to promote the growth of conceptual knowledge. 

Problem Representation. It is the process of transforming abstract or real-world 

situations into mathematical forms, such as diagrams, models, tables, or symbols. This 

enables learners to visualize relationships, organize information, and plan effective 

solutions. Students use verbal, image, and symbolic representations during the translation, 

integration, solution, and evaluation processes (Nasrun et al., 2023). Effective 

representation improves not only problem-solving accuracy but also mathematical literacy, 

helping students to connect existing knowledge to new situations and develop a better 

conceptual understanding. This is supported by the fact that different representations 

enhance learning by clarifying abstract relationships (Nguyen & Tran, 2023). Furthermore, 

students who successfully employ symbolic representations and diagrams do better when 

dealing with challenging mathematics problems. (Ünal et al., 2023). 

Strategy Formulation. It involves devising a coherent plan or approach to solve a 

specific problem. Learners who can create, explain, and adapt their strategies are more 

likely to transfer knowledge across different problems and demonstrate independent 

thinking. Students can enhance their conceptual comprehension by integrating reasoning 
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with procedural fluency through strategy development (Alsmadi et al., 2023). This 

construct reinforces the link between conceptual knowledge and effective problem-solving, 

as learners plan their approaches rather than simply following prescribed steps. Effective 

problem solvers spend more time evaluating and planning solutions before putting them 

into action (Urban & Urban, 2025). Furthermore, students' capacity to solve non-routine 

problems is enhanced by explicit teaching in strategy design (Or & Bal, 2023). 

Additionally, students who explain their methods show better conceptual understanding 

and more accurate problem-solving (Singh et al., 2023). 

Adaptation and Flexibility. It refers to the capacity to modify problem-solving 

approaches when initial strategies are ineffective or unsuitable. Flexible learners explore 

multiple methods, assess their effectiveness, and adjust their strategies to overcome 

challenges. Strategic flexibility enables learners to adapt or combine approaches to the 

context, such as reasoning, diagramming, pattern identification, and simplification (Bolat 

and Arslan, 2024). This flexibility guarantees that students can successfully handle both 

routine and non-routine issues, strengthens procedural fluency, and improves links between 

concepts. This is supported by the fact that flexibility is associated with adaptive reasoning 

and is a characteristic of expertise in mathematics (Jóelsdóttir et al., 2024). Similarly, using 

flexible strategies promotes learning transfer across tasks (Hong et al., 2023). 

Reflection and Justification. It involves evaluating the effectiveness of chosen 

strategies and providing reasoned explanations for solutions. This metacognitive process 

links strategy with underlying mathematical principles, enabling learners to critically 

analyze their methods and deepen their understanding. Cognitive and metacognitive 

approaches, such as reflection, improve critical thinking and academic achievement 
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(Tañola & Lomibao, 2024). Students strengthen their conceptual understanding, spot 

misconceptions, and ensure that problem-solving is both strategically directed and 

conceptually significant by engaging in reflection and justification. Further evidence 

indicates that mathematical achievement is much enhanced by metacognitive reflection 

(Sercenia & Prudente, 2023). Students' reasoning and problem-solving abilities are 

improved through structured reflection activities (Wang et al., 2023). According to recent 

research, justification practices also improve students' capacity to relate processes to 

underlying ideas, supporting deeper learning (Santosa et al., 2025). 

Procedural fluency, manifested in accuracy, efficiency, flexibility, and the 

appropriateness of procedures, enables learners to execute mathematical processes reliably 

and effectively. However, the mere possession of procedural skills is not sufficient to 

ensure deep understanding. Instead, these skills become meaningful learning when students 

develop strategic competence, which involves representing problems, formulating and 

adapting strategies, and reflecting on solutions. Through this mediation process, students 

can connect ideas, apply prior knowledge, and engage in higher-order thinking. Strategic 

competence bridges procedural fluency and conceptual understanding by facilitating the 

integration of skills and reasoning. This interconnected relationship suggests that 

improvements in procedural fluency enhance strategic competence, which in turn leads to 

stronger conceptual understanding, thereby collectively supporting the study's aim of 

explaining how students develop deeper mathematical proficiency. 
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Figure 1: Schematic Diagram of the Study 
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Statement of the Problem 

This study aimed to explore procedural fluency and conceptual understanding in 

mathematics learning, with a focus on the mediating role of strategic competence. The 

study was conducted in junior high education during the school year 2025-2026.  

Specifically, it sought answers to the following questions: 

1. What is the level of students' procedural fluency in mathematics learning in 

terms of accuracy, flexibility, efficiency, and appropriateness? 

2. What is the level of students' strategic competence in mathematics learning 

in terms of problem representation, strategy formulation, adaptation of methods, 

and evaluation and justification of solutions? 

3. What is the level of students' conceptual understanding in mathematics 

learning in terms of comprehension of principles, application of concepts, 

connections across topics, and reasoning and justification? 

4. Is there a significant relationship between students' procedural fluency and 

their strategic competence? 

5. Is there a significant relationship between students' strategic competence and 

their conceptual understanding? 

6. Is there a significant relationship between students' procedural fluency and 

conceptual understanding in mathematics learning? 

7. Which aspects of the variables significantly predict students' conceptual 

understanding of mathematics learning? 
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8. What is the mediating effect of strategic competence on the relationship 

between procedural fluency and conceptual understanding in mathematics 

learning? 

Null Hypotheses 

Ho₁: There is no significant relationship between students’ procedural fluency 

and their conceptual understanding in mathematics learning. 

Ho₂: There is no significant relationship between students’ procedural 

fluency and their strategic competence. 

Ho₃: There is no significant relationship between students’ strategic 

competence and their conceptual understanding. 

Ho₄: There are no variables significantly predicts students’ conceptual 

understanding in mathematics learning. 

Ho₅: Strategic competence does not significantly mediate the relationship 

between procedural fluency and conceptual understanding in mathematics learning. 
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Chapter 2 

RESEARCH METHODOLOGY 

Design 

This quantitative study employed an explanatory correlational design with 

mediation analysis to examine the relationships among procedural fluency, conceptual 

understanding, and strategic competence in mathematics learning. Correlational research 

designs were used to describe and explain relationships among variables using naturally 

occurring data without manipulation (Creswell, 2012).  This design was appropriate as it 

enables the researcher to determine the degree and direction of relationships among the 

identified variables and to examine how they interact within an actual educational 

setting.  The inclusion of strategic competence was supported by the literature, which 

indicated that the presence of a third variable provided a clearer, more elaborated 

understanding of the relationship between an independent and a dependent variable by 

explaining how the association operated (Sidhu et al., 2021). The design was appropriate 

for the present study because it focuses on identifying significant relationships among the 

variables and clarifying the role of strategic competence within the relationship between 

procedural fluency and conceptual understanding in mathematics. 

Settings 

The study took place in a private, non-sectarian higher education institution located 

in Ozamiz City, Misamis Occidental, Philippines. In 2024, the institution earned ISO 

21001:2018 certification and was recognized as the only Autonomous Higher Education 

Institution in Misamis Occidental and Northwestern Mindanao. It was widely 

acknowledged for its commitment to academic excellence, inclusivity, and continuous 
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quality enhancement. With its strong adoption of educational technologies in mathematics 

instruction and its focus on holistic student development, the institution provided an 

appropriate setting to investigate the roles of procedural fluency and conceptual 

understanding, as well as the mediating influence of strategic competence in mathematics 

learning. 

Respondents 

The respondents in this study were 180 students from a junior high school. They 

were selected from a total population of 337 junior high school students enrolled in a 

private, non-sectarian institution during the school year 2025–2026. The sample size of 

180 respondents was determined using the Raosoft sample size calculator, with a 95% 

confidence level and a 5% margin of error. To ensure adequate representation across grade 

levels, stratified random sampling was employed, grouping the population by grade level. 

The inclusion criteria are as follows: (1) students were officially enrolled during the 

specified school year; (2) they were enrolled in Junior High School; and (3) they provided 

voluntary assent with corresponding parental or guardian consent. Prior to data collection, 

the researcher verified that all selected respondents met these criteria to ensure the validity 

and reliability of the study. 

Instruments 

A. Procedural Fluency Questionnaire (PFQ). The researcher-made instrument 

was designed to assess procedural fluency in Mathematics among junior high school 

students. It was anchored on the DepEd MATATAG Mathematics Curriculum Guide for 

Key Stage 3. It measured procedural fluency in terms of accuracy, efficiency, flexibility, 

and appropriateness of procedures using a five-point Likert scale ranging from 1 (Very 
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High) to 5 (Very Low). The instrument was intended for junior high school students and 

aligned with competencies taught during the fourth grading period. Prior to administration, 

the questionnaire underwent content and face validation by Mathematics education experts 

to ensure curricular conformity, clarity, and relevance. Pilot testing was then conducted 

with 30 respondents, yielding a Cronbach’s Alpha of 0.939, confirming the instrument’s 

high reliability for this study. 

In assessing the level of procedural fluency, the following scale was used: 

Responses Continuum Interpretation 

5 – Strongly Agree (SA) 4.20 – 5.00 Very High (VH) 

4 – Agree (A) 3.40 – 4.19 High (H) 

3 –Neutral (N) 2.60 – 3.39 Moderate (M) 

2 –Disagree (D) 1.80 – 2.59 Low (L) 

1 –Strongly Disagree (SD) 1.0 – 1.79 Very Low (VL) 

B. Strategic Competence Questionnaire (SCQ). The researcher-made instrument 

was designed to assess learners’ level of strategic competence in mathematics and was 

anchored on the DepEd MATATAG Mathematics Curriculum Guide for Key Stage 3. It 

measured strategic competence in terms of the problem representation, strategy 

formulation, adaptation and flexibility, and evaluation and justifications, using a five-point 

Likert scale ranging from 1 (Very Low) to 5 (Very High). The instrument was intended for 

junior high school students and aligned with competencies taught during the fourth grading 

period. Prior to administration, the questionnaire underwent content and face validation by 
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Mathematics education experts to ensure curricular conformity, clarity, and relevance. Pilot 

testing was then conducted with 30 respondents, yielding a Cronbach’s Alpha of 0.941, 

confirming the instrument’s high reliability for this study. 

In assessing the level of strategic competence, the following scale was used: 

Responses Continuum Interpretation 

5 – Strongly Agree (SA) 4.20 – 5.00 Very High (VH) 

4 – Agree (A) 3.40 – 4.19 High (H) 

3 –Neutral (N) 2.60 – 3.39 Moderate (M) 

2 –Disagree (D) 1.80 – 2.59 Low (L) 

1 –Strongly Disagree (SD) 1.0 – 1.79 Very Low (VL) 

C. Conceptual Understanding Questionnaire (CUQ). The researcher-made 

instrument was designed to assess the level of procedural fluency in Mathematics among 

junior high school students. It was anchored on the DepEd MATATAG Mathematics 

Curriculum Guide for Key Stage 3. It measured procedural fluency in terms of accuracy, 

efficiency, flexibility, and appropriateness of procedures using a five-point Likert scale 

ranging from 1 (Very High) to 5 (Very Low). The instrument was intended for junior high 

school students and aligned with competencies taught during the fourth grading period. 

Prior to administration, the questionnaire underwent content and face validation by 

Mathematics education experts to ensure curricular conformity, clarity, and relevance. Pilot 

testing was then conducted 30 respondents, yielding a Cronbach’s Alpha of 0.953, 

confirming the instrument’s high reliability for this study. 
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In evaluating the level of conceptual understanding, the following scale was used: 

Responses Continuum Interpretation 

5 – Strongly Agree (SA) 4.20 – 5.00 Very High (VH) 

4 – Agree (A) 3.40 – 4.19 High (H) 

3 –Neutral (N) 2.60 – 3.39 Moderate (M) 

2 –Disagree (D) 1.80 – 2.59 Low (L) 

1 –Strongly Disagree (SD) 1.0 – 1.79 Very Low (VL) 

 

Data Gathering Procedure 

Prior to data collection, the researcher sought approval from the Dean of the 

Graduate School, followed by authorization from the Vice President for Academic Affairs, 

a formal letter from the Student Affairs Director, and permission from the Principal of the 

Basic Education department to conduct the study within the school premises. After 

securing all approvals, potential respondents, including both mathematics teachers and 

students, were screened for eligibility, and informed consent was obtained to ensure 

voluntary participation. Data were collected personally by the researcher through the 

distribution of questionnaires, which were retrieved immediately after completion. The 

gathered data were organized, encoded, and subjected to statistical analysis, followed by 

interpretation of the findings. 
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Ethical Consideration 

This study obtained approval from the Misamis University Research Ethics 

Committee (MUREC) prior to its commencement. The well-being of respondents was 

prioritized, ensuring their safety, dignity, and comfort throughout the study. Since the 

respondents were minors, both assent forms and informed consent forms were secured 

before data collection. The assent form was given to the respondents, while written consent 

was obtained from their parents or legal guardians. These documents clearly explained the 

study’s purpose, procedures, potential risks, and benefits. Participation was strictly 

voluntary, and respondents could withdraw at any time without any negative consequences. 

To avoid disruption of academic activities, the survey was conducted beyond regular class 

hours at a time convenient for the respondents. 

Confidentiality was strictly maintained by anonymizing respondents’ identities and 

by securely storing all collected data in a location accessible only to the researcher. The 

data were retained for a specified period, such as one year after the study's completion, and 

were disposed of properly thereafter. The study remained transparent in its objectives and 

procedures, with no form of deception involved. While there are no monetary incentives 

or payments for participation, respondents could benefit from increased awareness and 

understanding of the research topic. All ethical guidelines were strictly followed to ensure 

the integrity and credibility of the study. 

 

Data Analysis 

The study used the following statistical tools in analyzing the data gathered:   

Mean and Standard Deviation. These tools were used to assess students' procedural 

fluency, conceptual understanding, and strategic competence in mathematics. 
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            Spearman’s Rank-Order Correlation. This tool was used to explore the significant 

relationships among procedural fluency and conceptual understanding, procedural fluency 

and strategic competence, and strategic competence and conceptual understanding in 

mathematics learning. 

            Stepwise Multiple Regression Analysis. This tool was utilized to identify which 

aspect of procedural competence significantly predicts conceptual understanding in 

mathematics learning. 

General Linear Mediation Analysis. This tool was used to test the mediating effect 

of strategic competence on the relationship between procedural fluency and conceptual 

understanding in mathematics learning. 
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Chapter 3 

RESULTS AND DISCUSSION 

Level of Students’ Procedural Fluency 

Table 1 presents students’ procedural fluency in mathematics, indicating overall 

high performance (M = 3.60, SD = 0.70). This indicates that students generally demonstrate 

competence in executing mathematical procedures, reflecting their ability to calculate and 

solve problems effectively. The relatively small standard deviation suggests moderately 

consistent performance among students, indicating a shared baseline in procedural skills. 

While foundational abilities are strong, improvement is needed in applying procedures to 

more complex or unfamiliar problem contexts. 

Procedural fluency demonstrates students' ability to accurately carry out 

mathematical procedures, complete solutions in a reasonable time, and adapt or select 

appropriate strategies when faced with different kinds of problems. Strong procedural 

fluency enables students to follow algorithms step-by-step, apply them meaningfully, and 

adapt their approaches to the job at hand. As a result, evaluating procedural fluency enables 

teachers to pinpoint students' strengths and weaknesses in performing mathematical 

operations, which can help them create targeted instructional strategies that improve 

students' overall mathematical proficiency and enhance learning outcomes. 

Students’ accuracy in solving mathematical problems was high (M = 3.74, SD = 

0.73). This suggests that students typically complete tasks accurately, with few mistakes. 

This degree of accuracy appears consistent across students, as indicated by the 

comparatively low standard deviation. Students can perform computations with confidence 

and accuracy because they have a strong grasp of basic procedures. They can reduce errors 



28 

and ensure accuracy in their solutions by performing mathematical calculations with 

precision. This degree of precision also facilitates more efficient problem-solving, since 

accurate initial stages provide a solid basis for subsequent processes. This finding suggests 

that students have strong procedural skills, which greatly enhance their overall proficiency 

in mathematics. 

Students’ procedural appropriateness was practiced at a high level (M = 3.64, SD 

= 0.83). This suggests that students can generally accomplish mathematical tasks promptly 

without sacrificing accuracy. However, the significantly higher standard deviation 

indicates performance variability, implying that some students can answer problems more 

rapidly than others, requiring more time and guidance. Efficient students can balance speed 

and precision, making it easier for them to complete multi-step mathematical tasks. 

Through this ability, they can effectively manage their time while preserving the quality of 

their solutions. This finding implies that, even though many students are proficient at 

solving problems, there is still a need to assist individuals who need help controlling both 

speed and accuracy in mathematical tasks. 

Students’ problem-solving efficiency was high (M = 3.54, SD = 1.03). This 

suggests that students can generally accomplish mathematical tasks promptly without 

sacrificing accuracy. However, the significantly higher standard deviation indicates 

performance variability, implying that some students can answer problems more rapidly 

than others, requiring more time and guidance. Efficient students can balance speed and 

precision, making it easier for them to complete multi-step mathematical tasks. Through 

this ability, they can effectively manage their time while preserving the quality of their 

solutions. This finding implies that, even though many students are proficient at solving 
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problems, there is still a need to assist individuals who need help controlling both speed 

and accuracy in mathematical tasks. 

Students’ flexibility in applying procedures was moderate (M = 3.49, SD = 0.82). 

This indicates that while students are capable of using multiple strategies, adapting 

procedures to unfamiliar or novel problems may still be challenging. The moderate 

standard deviation suggests variability in students’ ability to transfer or modify procedural 

knowledge, with some students demonstrating greater adaptability than others. Developing 

flexibility is essential for connecting procedural skills to effective problem-solving and for 

fostering innovation, as it enables students to respond confidently to new and complex 

mathematical challenges. This result highlights the need to further support students in 

applying procedures flexibly across different problem contexts. 

Procedural fluency is widely recognized by experts as a critical component of 

mathematical performance, particularly for predicting accuracy and efficiency levels 

(Vanderheyden & Solomon, 2023). Higher fluency results in more suitable and effective 

approaches, which align with the high scores found (Skylark, 2021). The slightly lower 

mean for this construct is consistent with the fact that flexibility develops more slowly than 

accuracy and efficiency (Hong et al., 2023). Procedural skills are the foundation for 

conceptual understanding (Hurrel, 2021), and secondary learners demonstrated strong 

overall fluency, supporting these findings (Landreth & Young, 2021). 

Students possess strong procedural skills overall, particularly in accuracy and 

appropriateness, though their flexibility is significantly lower. Therefore, the focus of 

instruction should be on helping students become more adept at adapting processes to new 

or challenging circumstances. This can be accomplished through tasks that call for a variety 
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of problem-solving approaches, problem variation, and reflective exercises that push 

students to think beyond standard procedures. In addition to improving adaptive problem-

solving, strengthening flexibility ensures that students can effectively apply their 

knowledge across a variety of circumstances by bridging procedural knowledge with 

deeper conceptual understanding. 

Table 1 

Level of Students’ Procedural Fluency 

 

Constructs M SD Interpretation 

Accuracy in Solving Procedures 3.74 0.73 High 

Efficiency in Problem Solving 3.54 1.03 High 

Flexibility in Applying Procedures 3.49 0.82 High 

Appropriateness of Procedures 3.64 0.83 High 

Overall Level of Students’ Procedural Fluency  3.60 0.70 High 

Scale: 4.20-5.00(Very High); 3.40-4.19 (High); 2.60-3.39 (Moderate); 1.80-2.59 

(Low);1.0-1.79 (Very Low) 

 

Level of the Students’ Strategic Competence 

     Table 2 presents the level of students’ strategic competence in mathematics, 

indicating overall high performance (M = 3.65, SD = 0.69). This indicates that students 

generally demonstrate strong competence in using strategies that support effective 

problem-solving. The relatively small standard deviation suggests moderately consistent 

performance among students, indicating a shared proficiency in strategic skills. While the 

overall level is high, continued development of strategic processes, such as problem 

representation and solution evaluation, can further enrich students’ mathematical reasoning 

and decision-making. 

Strategic competence highlights students' ability to comprehend the structure of a 

problem, convert it into mathematical form, and devise relevant tactics to achieve an 
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effective solution. When challenges arise, students who exhibit strong strategic 

competence can adjust their strategies, choose multiple approaches, and evaluate whether 

their solutions are reasonable and logically supported. As a result, assessing strategic 

competence provides teachers with important information on how well students combine 

procedural knowledge and conceptual understanding, enabling them to foster problem-

solving abilities that support the development of holistic mathematical ability. 

The adaptation and flexibility was interpreted as being practiced to a very high 

extent (M = 3.70, SD = 0.81). This implies that when their initial plans are inadequate, 

students are highly capable of modifying techniques or approaches. This adaptability 

shows a high degree of metacognitive awareness, as students monitor how they solve 

problems and adjust as needed. When students adjust well, they show resilience and self-

assurance in managing challenging tasks, which promotes success across a variety of 

mathematical problems. This flexibility improves students' general problem-solving skills 

and equips them to react strategically to new or unforeseen circumstances. 

Likewise, evaluation and justification was interpreted as being practiced to a very 

high extent (M = 3.69, SD = 0.88). This shows that students can evaluate the precision of 

their answers and justify the strategies they select. This ability is essential for verifying the 

validity of results, reflecting on problem-solving procedures, and strengthening deeper 

mathematical understanding, even though students differ in how they express or defend 

their reasoning. Students with strong evaluation and justification skills are better able to 

make deliberate choices and enhance the quality of their mathematical reasoning. 

Strategy formulation was interpreted as being practiced to a very high extent (M = 

3.63, SD = 0.82). This result demonstrates how proficient students are in devising strategies 
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and solutions to given problems. To solve problems effectively and successfully across a 

variety of mathematical contexts, students must be able to create plans tailored to the 

specific demands of each situation. This skill helps students approach challenges 

systematically and boosts their confidence in applying appropriate strategies. 

Problem representation was interpreted as being practiced to a very high extent (M 

= 3.58, SD = 0.86). This suggests that students are generally competent at interpreting and 

organizing information in mathematical tasks. Some students may need assistance in 

transforming problems into mathematical formats or visual representations, even though 

most students can accurately represent them. Competence in problem representation serves 

as a basis for systematic problem-solving and supports students in selecting and using 

appropriate strategies. 

Contemporary research underscores the importance of strategic competence in 

mathematics. For instance, strong problem representation abilities allow students to better 

frame problems, resulting in clearer solution pathways (Dood & Watts, 2022). Explicit 

strategy formulation activities have been found to improve students' performance in a 

variety of problem scenarios (Teng, 2022). Research emphasizes that flexibility in strategy 

use is closely linked to metacognitive regulation, enabling learners to adjust their 

approaches when initial plans fail (Bürgler et al., 2021). Additionally, students' 

mathematical argumentation and reasoning are improved by evaluation and 

justification skills, which promote deeper learning and reflective competency (Santosa et 

al., 2025). Collectively, these studies affirm that strategic processes are central to 

mathematical success and align with the high levels of strategic competence observed in 

this study. 
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Students demonstrate high strategic competence across all areas, with flexibility 

and adaptation slightly ahead. Instructional strategies should emphasize problem 

representation, strategy formulation, and evaluation skills while retaining flexibility to 

continue to build on this strength. Students' strategic decision-making can be further 

improved by assigning them demanding, real-world problem-solving tasks that call for 

strategy development, monitoring, and adjustment. Strengthening these areas promotes 

independent, flexible, and reflective mathematical thinking by ensuring that students not 

only carry out efficient problem-solving procedures but also critically assess and defend 

their strategies. 

Table 2 

Level of Students’ Strategic Competence 

 

Constructs M SD Interpretation 

Problem Representation 3.58 0.86 High 

Strategy Formulation 3.63 0.82 High 

Adaptation and Flexibility 3.70 0.81 High 

Evaluation and Justification 3.69 0.88 High 

Overall Level of Competence 3.65 0.69 High 

Scale: 4.20-5.00(Very High); 3.40-4.19 (High); 2.60-3.39 (Moderate); 1.80-2.59 

(Low);1.0-1.79 (Very Low) 

 

Level of the Students’ Conceptual Understanding 

Table 3 presents the level of students’ conceptual understanding in mathematics, 

indicating overall high performance (M= 3.47, SD = 0.75). This indicates that students 

generally demonstrate competence in understanding and applying mathematical concepts, 

reflecting their ability to reason, make connections, and solve problems effectively. The 

relatively small standard deviation suggests moderately consistent performance among 

students, indicating a shared baseline in conceptual skills. While students demonstrate a 
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high level of understanding, there is room for improvement in higher-order reasoning and 

justification, particularly when linking concepts across different problem contexts. 

Conceptual understanding emphasizes students' capacity to comprehend the 

meaning underlying mathematical concepts rather than simply memorizing processes or 

formulas. Strong conceptual understanding enables students to apply their knowledge to 

new or real-world scenarios, explain why specific strategies work, and analyze 

mathematical relationships. As a result, evaluating conceptual understanding enables 

educators to gauge the depth of students' mathematical thinking and to develop 

instructional strategies that strengthen reasoning abilities, foster meaningful connections 

between concepts, and promote deeper, longer-lasting learning. 

The application of problem-solving concepts was interpreted as practiced to a high 

extent (M = 3.53, SD = 0.81). This result suggests that students can typically use the 

mathematical concepts they have learned to solve problems effectively. This level of 

application allows students to integrate their conceptual understanding into practical 

solutions and engage in meaningful problem-solving tasks. They can relate mathematical 

concepts to real-world circumstances and procedural processes, helping them to approach 

challenges with greater confidence and flexibility. As a result, students have improved 

analytical abilities and are better equipped to handle a variety of mathematical challenges. 

This ability to put ideas into practice promotes deeper learning and strengthens the 

integration of mathematical knowledge and skills. 

Closely following this, comprehension of mathematical concepts was interpreted 

as being practiced to a high extent (M = 3.52, SD = 0.80). This result suggests that students 

typically exhibit a solid understanding of basic mathematical concepts and ideas. Students 
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can recognize, explain, and comprehend essential concepts, which enhances their capacity 

to engage in meaningful mathematical reasoning. This level of understanding enables 

students to connect new and existing knowledge, thereby developing a deeper 

understanding of mathematical relationships. Students are therefore better equipped to 

apply their knowledge to problem-solving and tackle increasingly difficult mathematics 

tasks. This level of conceptual understanding fosters higher-order mathematical thinking 

and provides a solid foundation for continuous learning. 

Making connections across topics was interpreted as being practiced to a high 

extent (M = 3.47, SD = 0.85). This result suggests that students can generally relate 

mathematical concepts across and between topics, while this skill may be difficult for some 

individuals. Through this approach, students begin to recognize connections among 

mathematical ideas, helping them develop a more structured, cohesive grasp of the subject. 

Deeper understanding and retention are supported by their ability to connect previously 

taught material with new material. As a result, students progressively gain a more 

comprehensive understanding of mathematics, improving their capacity for critical thought 

and problem-solving. Developing this ability is crucial for encouraging comprehensive 

mathematical reasoning and creating a more fulfilling educational experience. 

Lastly, reasoning and justification was likewise interpreted as being practiced to a 

moderate extent (M = 3.36, SD = 0.95). This result suggests that students have greater 

difficulties expressing their problem-solving steps, presenting clear justifications, and 

creating logical mathematical arguments. This makes it clear that many students lack the 

confidence to articulate the reasoning behind their answers, which could limit the depth of 

their understanding. As a result, students may rely more on steps than on solid explanations 
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of mathematical concepts. Because it allows students to relate their information to logical 

explanations, strengthening reasoning and justification is crucial for promoting deeper 

conceptual understanding. Additionally, this ability is crucial for fostering higher-order 

thinking and bridging the gap between procedural fluency and deep mathematical 

understanding. 

Research indicates that conceptual knowledge is crucial for effective learning in 

mathematics, as it enables pupils to apply concepts across a variety of situations and 

problems (Naz & Qayyum, 2025).  Stronger conceptual skills improve students’ problem-

solving performance and engagement, supporting the high levels of comprehension and 

application observed in this study (Siregar, 2025). Concept-based instructional approaches 

improve learners' knowledge of key mathematical concepts, as evidenced by observable 

comprehension and application (Ncube and Luneta, 2025). 

Students’ ability to shift between representations improves reasoning and 

connections across topics, which relates to the moderate but growing scores in making 

connections (Haque, 2024). Furthermore, context-based instruction encourages reasoning 

and justification, emphasizing the need to focus on these skills (Nurtamam & Jannah, 

2025), which recorded the lowest mean in this study. Collectively, these results highlight 

the significance of targeted instructional strategies to strengthening reasoning and 

justification skills while preserving high levels of understanding, application, and 

conceptual connections. 

Although the overall level of students’ conceptual understanding is interpreted as 

high, the result for reasoning and justification falls within the moderate range, suggesting 

a relative weakness. Instruction should focus on activities that require students to articulate 
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their thought processes, justify solutions, and make connections across topics. Integrating 

reflective discussions, problem-based tasks, and cross-topic exercises can help students 

deepen their reasoning skills while maintaining strengths in comprehension, application, 

and conceptual connections. Enhancing reasoning and justification fosters critical thinking 

and ensures that students can not only solve problems but also explain, analyze, and 

generalize mathematical concepts. 

Table 3 

Level of Students’ Conceptual Understanding 

 

Constructs M SD Interpretation 

Comprehension of Mathematical Concepts 3.52 0.80 High 

Application of Concepts in Problem-Solving 3.53 0.81 High 

Making Connections Across Topics 3.47 0.85 High 

Reasoning and Justification 3.36 0.95 Moderate 

Overall Level of Understanding 3.47 0.75 High 

Scale: 4.20-5.00(Very High); 3.40-4.19 (High); 2.60-3.39 (Moderate); 1.80-2.59 (Low); 

           1.0-1.79 (Very Low) 

 

Significant Relationship between Students’ Procedural  

Fluency and Strategic Competence 

 

Table 4 presents the relationships between students’ procedural fluency and 

strategic competence in mathematics, revealing strong, highly significant correlations 

across all constructs. Spearman’s rho values range from 0.473 to 0.644 (p < .001), 

indicating that students who demonstrate higher accuracy, efficiency, flexibility, and 

appropriateness in procedural execution also exhibit higher levels of problem 

representation, strategy formulation, adaptation, and flexibility, and evaluation and 

justification. The data highlight that procedural fluency forms a foundational platform for 

strategic thinking, enabling learners to plan, adapt, and evaluate their mathematical 

approaches effectively. 
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Procedural fluency serves as a cognitive foundation that enables strategic 

engagement. Students who can perform procedures accurately, efficiently, and adaptively 

can devote cognitive resources to analyzing problem structures, planning approaches, and 

monitoring the effectiveness of their solutions. This relationship suggests that mastery of 

procedural abilities reduces cognitive burden, allowing pupils to focus on higher-order 

strategic processes rather than simple computations. Procedural fluency, therefore, acts as 

a scaffold for developing strategic competence, supporting both efficiency and adaptability 

in problem-solving. 

Accuracy in solving procedures shows strong, highly significant correlations with 

problem representation (rₛ = 0.529), strategy formulation (rₛ = 0.474), adaptation and 

flexibility (rₛ = 0.571), and evaluation and justification (rₛ = 0.477), all p < .001. The 

strongest relationship is with adaptation and flexibility, indicating that students who follow 

procedures correctly are better able to adjust techniques when handling unfamiliar 

problems. Accurate procedural execution helps students understand problem structures 

more clearly, supports effective strategy selection, and enables them to evaluate and justify 

their solutions with greater confidence. 

Efficiency in problem solving also demonstrates strong and highly significant 

correlations with problem representation (rₛ = 0.525), strategy formulation (rₛ = 0.473), 

adaptation and flexibility (rₛ = 0.575), and evaluation and justification (rₛ = 0.563), all with 

p < .001. The strongest relationships are observed with adaptation and flexibility, as well 

as with evaluation and justification, suggesting that students who solve problems 

effectively can better monitor and adjust their strategies. Effective problem solvers focus 
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less on fundamental procedural steps and more on evaluating the effectiveness of their 

strategies. 

Flexibility in applying procedures shows strong correlations with problem 

representation (rₛ = 0.526), strategy formulation (rₛ = 0.504), adaptation and flexibility (rₛ 

= 0.567), and evaluation and justification (rₛ = 0.555), all with p < .001. These results 

indicate that students who can modify procedures for different problem situations are better 

able to develop appropriate strategies and assess the effectiveness of their solutions. 

Procedural flexibility, therefore, supports adaptive thinking and strategic problem solving. 

Appropriateness of procedures exhibits the strongest relationships, particularly 

with adaptation and flexibility (rₛ = 0.644) and evaluation and justification (rₛ = 0.583), 

while maintaining strong correlations with problem representation (rₛ = 0.529) and strategy 

formulation (rₛ = 0.473), all with p < .001. This suggests that selecting suitable procedures 

helps students adjust their strategies effectively and justify their solutions, highlighting the 

importance of procedural decision-making in strengthening strategic competence. 

Several studies support these findings. Procedural fluency supports students’ ability 

to accurately represent problems and develop successful strategies (Andal, 2022). 

Efficiency and accuracy in procedural execution predict students’ adaptive problem-

solving and evaluation skills (Brancaccio et al., 2023). Flexibility in procedural strategies 

facilitates strategy formulation and critical assessment (Star et al., 2022). Students who 

select appropriate procedures demonstrate stronger reasoning and justification (Öz et al., 

2024). Integrating procedural mastery with strategic practice enhances problem-solving 

independence (Singh et al., 2023). Students with well-developed procedural skills can 

monitor and refine strategies more effectively (Vettriselvan et al., 2025), while procedural 
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fluency is essential for bridging execution with strategic thinking (Applebaum, 2024). 

Collectively, these studies corroborate the highly significant correlations observed in this 

study. 

The Information Processing Theory (IPT) suggests that students who can efficiently 

encode, store, and retrieve mathematical procedures develop automaticity in routine 

calculations (Pratt, 2023). This automaticity reduces cognitive load, allowing students to 

allocate more mental resources to higher-order thinking processes such as strategy 

formulation, problem representation, and evaluation (Yassin & Mabanja, 2024). As a 

result, learners are better able to engage in complex mathematical tasks because they no 

longer need to devote excessive attention to basic computational steps. In this way, 

procedural fluency supports the development of more advanced cognitive processes 

involved in mathematical problem solving. 

Complementing this perspective, the Mathematical Proficiency Framework 

emphasizes that strategic competence, including problem representation, strategy 

formulation, adaptation, and evaluation, is essential for flexible, reflective, and effective 

problem solving (Kilpatrick et al., 2001). Procedural fluency and strategic competence, 

therefore, serve as mutually reinforcing components of mathematical proficiency. Reliable 

procedural skills provide the mental bandwidth required to plan, monitor, and adjust 

problem-solving approaches, whereas active strategic engagement increases the 

application and transfer of procedural knowledge (Karatas, 2022). Empirical studies 

reinforce this relationship, indicating that students with procedural automaticity are more 

capable of adaptive problem solving and evaluating alternative strategies (Hickendorff, 

2022), that strong procedural foundations allow thinking and reflective decision-making 
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(Dingman et al., 2021), and that procedural fluency predicts students’ capacity to generate 

strategies and adapt approaches in unfamiliar contexts (Schulz, 2024). Collectively, these 

findings indicate that procedural mastery acts as a cognitive scaffold for the development 

of strategic competence and overall mathematical proficiency. 

Improving procedural fluency can significantly strengthen students’ strategic 

competence. Since adaptation, flexibility, and evaluation show the strongest relationships 

with procedural fluency, instructional strategies should emphasize tasks that require 

students to select appropriate methods, alter strategies for novel problems, and reflect 

critically on their solutions. Problem modeling, reflective discussion, and strategy 

journaling are all activities that can help students improve adaptive thinking, strategy 

formulation, and evaluation skills. Enhancing procedural flexibility and appropriateness 

not only promotes proper execution but also fosters independent, efficient, and 

comprehensive strategic problem-solving across a wide range of mathematical contexts. 

Table 4 

Significant Relationship between Students’ Procedural Fluency and Strategic Competence 

 

Variables  

Problem 

Representa

tion 

Strategy 

Formulation 

Efficiency in 

Problem Solving 

Adaptatio

n and 

Flexibility 

Evaluation 

and 

Justification 

Accuracy in Solving 

Procedures  

rₛ 0.529 *** 0.474 *** 0.571 *** 0.477 *** 

P <.001 <.001 <.001 <.001 

Efficiency in 

Problem Solving 

rₛ 0.525 *** 0.473 *** 0.575 *** 0.563 *** 

p <.001 <.001 <.001 <.001 

Flexibility in 

Applying Procedures  

rₛ 0.526 *** 0.504 *** 0.567 *** 0.555 *** 

P <.001 <.001 <.001 <.001 

Appropriateness of 

Procedures 

rₛ 0.529 *** 0.473 *** 0.644 *** 0.583 *** 

p <.001 <.001 <.001 <.001 

Notes: Ho: There is no significant relationship between students’ procedural fluency and   

       their strategic competence in mathematics learning. 

Probability Value Scale: *** p < .001 (Highly Significant); **p<0.01 (Highly    

      Significant); *p<0.05 (Significant); p>0.05 (Not significant)  
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Relationship between Students’ Strategic Competence 

and Conceptual Understanding 

 

  Table 5 presents the relationship between students’ strategic competence and their 

conceptual understanding in mathematics, revealing strong and highly significant 

correlations across all constructs. Spearman’s rho values range from 0.488 to 0.656 (p < 

.001), indicating that learners who demonstrate higher levels of problem representation, 

strategy formulation, adaptation and flexibility, and evaluation and justification also 

exhibit stronger comprehension, application, connections across topics, and reasoning. The 

results underscore the importance of strategic competence in fostering conceptual 

understanding, highlighting that students’ ability to plan, monitor, and adjust their 

problem-solving approaches enhances their grasp of mathematical concepts. 

Strategic competence provides a cognitive framework that supports conceptual 

processing. Students are better equipped to internalize mathematical concepts, identify 

relevant procedures and ideas, and apply them in a variety of contests when they engage in 

effective problem representation, carefully formulate strategies, adapt flexibly, and 

evaluate their solutions. By guiding attention to structure, strategy, and justification, 

strategic competence lessens cognitive overload, allowing students to focus on reasoning, 

connecting concepts, and transferring knowledge to new situations. 

Problem representation shows strong, highly significant correlations with 

comprehension of mathematical concepts (rₛ = 0.543), application of concepts in problem-

solving (rₛ = 0.596), making connections across topics (rₛ = 0.641), and reasoning and 

justification (rₛ = 0.597), all with p < .001. The strongest relationship occurs with making 

connections across topics, demonstrating that students who clearly interpret problem 

situations are better able to relate mathematical ideas across different contexts. Accurate 



43 

problem representation helps learners identify relevant information and organize their 

understanding, thereby supporting conceptual reasoning and the logical explanation of 

solutions. 

Strategy formulation also demonstrates strong correlations with comprehension (rₛ 

= 0.579), application (rₛ = 0.576), making connections across topics (rₛ = 0.655), and 

reasoning and justification (rₛ = 0.565), all with p < .001. The strongest correlation with 

making connections across topics suggests that students who effectively plan and organize 

their problem-solving approaches are better able to link mathematical concepts. 

Developing clear strategies enables learners to select appropriate methods and to structure 

their reasoning, thereby strengthening their conceptual understanding. 

Adaptation and flexibility show strong correlations with comprehension (rₛ = 

0.498), application (rₛ = 0.552), making connections across topics (rₛ = 0.653), and 

reasoning and justification (rₛ = 0.550), all with p < .001. The strongest relationship with 

making connections across topics suggests that students who can adapt their strategies 

when encountering new problems are better able to transfer and apply mathematical 

concepts in different situations. This adaptability supports deeper conceptual engagement 

and flexible thinking in problem-solving. 

Evaluation and justification exhibits strong and highly significant correlations with 

comprehension (rₛ = 0.527), application (rₛ = 0.488), making connections across topics (rₛ 

= 0.656), and reasoning and justification (rₛ = 0.636), all with p < .001. The strongest 

associations are with making connections, reasoning, and justification, suggesting that 

students who critically assess their solutions and explain their reasoning demonstrate 
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stronger conceptual understanding. Reflective evaluation encourages learners to verify 

results, justify procedures, and connect mathematical ideas more meaningfully. 

Recent research supports the strong relationship between strategic competence and 

conceptual understanding. Students with well-developed problem representation skills can 

organize and relate mathematical information, facilitating deeper conceptual connections 

(Torres-Peña et al., 2025). Strategy formulation predicts higher comprehension and 

application, enabling learners to plan solution pathways and anticipate problem demands 

(Brod, 2021). Adaptation and flexibility in the use of strategies allow learners to transfer 

knowledge to new contexts, strengthening integrated understanding across topics (Sharma, 

2024). Evaluation and justification enhance reasoning and promote conceptual coherence 

through reflective problem-solving (Sümen, 2023). Strategic competence bridges 

procedural execution and higher-order thinking, allowing learners to apply learned 

procedures meaningfully (Thoe et al., 2022). These studies reinforce the highly significant 

correlations observed in this study and highlight the importance of developing strategic 

skills to improve conceptual understanding. 

The relationship between strategic competence and conceptual understanding can 

be explained through Information Processing Theory and the Mathematical Proficiency 

Framework. Efficient encoding, storage, and retrieval of procedures frees cognitive 

resources for higher-order strategic tasks, such as planning, monitoring, and evaluating 

solutions (Sridhar & Balamurugan, 2025). Strategic competence, including problem 

representation, strategy formulation, adaptation, and evaluation, is critical for flexible and 

reflective problem-solving (Kilpatrick, 2001). Procedural fluency reduces cognitive load, 

allowing learners to focus on strategy use, which in turn promotes conceptual reasoning, 
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connections, and justification (Kusuma et al., 2021). Through effective strategies, learners 

can analyze mathematical situations, make connections among concepts, and justify their 

reasoning (Sarumaha & Rizkianto, 2022). Empirical studies indicate that students who 

demonstrate strong strategic competence tend to exhibit deeper conceptual understanding, 

improved problem-solving ability, and stronger integration of mathematical ideas across 

contexts (Amalia et al., 2024). These perspectives highlight the important role of strategic 

competence in supporting and strengthening students’ conceptual understanding in 

mathematics. 

Given that making connections, evaluation, and adaptation exhibit the strongest 

correlations with strategic competence, educators should implement activities that 

encourage students to represent problems clearly, formulate effective strategies, adjust 

approaches for novel tasks, and justify their solutions. Strategies such as reflective 

problem-solving, strategy journals, guided peer discussions, and real-world problem 

modeling can foster adaptive thinking, strategic planning, and critical evaluation. By 

strengthening strategic competence, students not only enhance their procedural application 

but also develop deeper conceptual understanding, supporting holistic mathematical 

proficiency across diverse problem contexts. 
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Table 5 

Significant Relationship between Students’ Strategic Competence 

and their Conceptual Understanding 

 

Variables 

 Problem 

Representatio

n 

Strategy 

Formulation 

Adaptation 

and 

Flexibility 

Evaluation 

and 

Justification 

Comprehension of 

Mathematical 

Concepts 

rₛ 0.543 *** 0.579 *** 0.498 *** 0.527 *** 

p 
<.001 <.001 <.001 <.001 

Application of 

Concepts in Problem 

Solving 

rₛ 0.596 *** 0.576 *** 0.552 *** 0.488 *** 

p 
<.001 <.001 <.001 <.001 

Making Connections 

Across Topics 

rₛ 0.641 *** 0.655 *** 0.653 *** 0.656 *** 

p <.001 <.001 <.001 <.001 

Reasoning and 

Justification 

rₛ 0.597 *** 0.565 *** 0.550 *** 0.636 *** 

p <.001 <.001 <.001 <.001 

Notes: Ho: There is no significant relationship between students’ strategic competence and   

       conceptual understanding in mathematics learning. 

Probability Value Scale: *** p < .001 (Highly Significant); **p<0.01 (Highly    

      Significant); *p<0.05 (Significant); p>0.05 (Not significant)  

 

 

Significant Relationship between Students’ Procedural Fluency  

and Conceptual Understanding  

 

Table 6 presents the relationship between students’ procedural fluency and 

conceptual understanding in mathematics, showing strong and highly significant 

correlations across all constructs. Spearman’s rho values range from 0.507 to 0.709 (p < 

.001), indicating that students who demonstrate higher accuracy, efficiency, flexibility, and 

appropriateness in their procedural execution also exhibit higher levels of comprehension, 

application, connections across topics, and reasoning. These results highlight that 

procedural fluency provides a foundational platform for cognitive engagement, supporting 

conceptual mastery and demonstrating the interdependent nature of procedural skills and 

conceptual understanding in mathematics learning. 
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Procedural fluency in this study encompasses accuracy in following procedures, 

efficiency in problem-solving, flexibility in applying procedures, and appropriateness of 

methods. Conceptual understanding includes comprehension of mathematical concepts, 

application in problem-solving, making connections across topics, and reasoning and 

justification. The analysis shows that students’ ability to perform operations correctly and 

adaptively underpins their capacity to internalize mathematical ideas and transfer 

knowledge to new problem contexts. This relationship aligns with cognitive theories 

suggesting that efficient processing of procedural steps enhances memory encoding, 

problem representation, and knowledge transfer, thereby facilitating deeper conceptual 

understanding. 

Accuracy in solving procedures shows strong and highly significant correlations 

with all dimensions of conceptual understanding, including comprehension of 

mathematical concepts (rₛ = 0.594), application of concepts in problem-solving (rₛ = 0.709), 

making connections across topics (rₛ = 0.633), and reasoning and justification (rₛ = 0.593), 

all with p < .001. The strongest relationship occurs with the application of concepts, 

indicating that students who execute procedures accurately are more capable of applying 

mathematical ideas effectively when solving problems. Accurate procedural performance 

helps ensure that solution steps are correct, allowing learners to focus on understanding 

relationships among concepts and explaining their reasoning. 

Efficiency in problem solving also demonstrates strong and highly significant 

correlations with comprehension (rₛ = 0.546), application (rₛ = 0.572), making connections 

across topics (rₛ = 0.565), and reasoning and justification (rₛ = 0.557), all with p < .001. 

These findings suggest that students who solve problems efficiently, balancing speed and 
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accuracy, can process mathematical tasks more effectively and devote greater attention to 

interpreting results and connecting ideas. Efficient procedural performance, therefore, 

supports both conceptual comprehension and logical reasoning in mathematics. 

Flexibility in applying procedures shows moderate-to-strong correlations with 

comprehension (rₛ = 0.507) and application (rₛ = 0.521), and stronger relationships with 

making connections across topics (rₛ = 0.640) and reasoning and justification (rₛ = 0.682), 

all with p < .001. The highest correlation with reasoning and justification indicates that 

students who can adapt procedures to different situations are better able to explain their 

thinking and justify their solutions. Procedural flexibility encourages deeper conceptual 

engagement, as learners must understand how and why different procedures work across 

varying contexts. 

The appropriateness of procedures demonstrates strong, highly significant 

correlations with comprehension (rₛ = 0.539), application (rₛ = 0.621), making connections 

across topics (rₛ = 0.652), and reasoning and justification (rₛ = 0.663), all with p < .001. 

The strongest associations occur with making connections and reasoning, suggesting that 

selecting the most suitable procedure for a problem strengthens students’ ability to relate 

concepts and justify their solutions. Choosing appropriate methods reflects deeper 

mathematical understanding because learners must evaluate problem conditions and 

determine which strategies best support accurate and meaningful solutions. 

Recent studies support these findings. Procedural fluency facilitates higher-order 

conceptual understanding, particularly when students adapt strategies to diverse problems 

(Gradini et al., 2025). Accurate and efficient procedural execution predicts stronger 

problem-solving application and reasoning skills (Zhang et al., 2022). Flexibility in 



49 

procedural strategies enhances learners’ capacity to connect concepts, while the 

appropriate selection of procedures supports comprehension and justification (Rukshana, 

2025). Students with well-developed procedural skills internalize concepts more 

effectively (Rif'at et al., 2024), and integrating procedural and conceptual practice fosters 

holistic mathematical competence (Siregar, 2025). 

Information Processing Theory (Atkinson & Shiffrin, 1968) posits that cognitive 

processes involve encoding, storing, and retrieving information, and procedural fluency 

enhances memory encoding, retrieval efficiency, and cognitive automation. Students who 

execute mathematical procedures accurately and efficiently can focus cognitive resources 

on understanding underlying principles. Constructivist Learning Theory (Piaget, 1972) 

suggests that learners actively construct knowledge by integrating new information with 

prior understanding. Conceptual understanding develops as students internalize 

mathematical concepts, make connections, and justify solutions (Biber, 2023). Together, 

these theories explain how procedural fluency (cognitive scaffolding) supports conceptual 

understanding (active knowledge construction) (Zeng, 2025). Recent studies further 

emphasize that procedural mastery enhances conceptual reasoning and promotes active 

engagement with problem-solving (Naz, 2025). 

Procedural fluency is critical for developing students’ conceptual understanding, 

particularly in higher-order constructs like flexibility, appropriateness, reasoning, and 

making connections. Instructional strategies should focus on cultivating adaptive problem-

solving and contextually appropriate procedures, alongside reflective activities that require 

justification and strategic application. By strengthening these procedural dimensions, 

educators can bridge the gap between performing mathematical operations and 
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internalizing concepts, fostering holistic mathematical competence, and preparing students 

for complex problem-solving scenarios and the underlying mathematical concepts. 

Table 6 

Significant Relationship between Students’ Procedural Fluency  

and Conceptual Understanding 

 

Variables 

 Comprehensio

n of 

Mathematical 

Concepts 

Application 

of Concepts 

in Problem-

Solving 

Making 

Connections 

Across 

Topics 

Reasoning 

and 

Justification 

Accuracy in Solving 

Procedures  

rₛ 0.594 *** 0.709 *** 0.633 *** 0.593 *** 

p <.001 <.001 <.001 <.001 

Efficiency in 

Problem Solving  

rₛ 0.546 *** 0.572 *** 0.565 *** 0.557 *** 

p <.001 <.001 <.001 <.001 

Flexibility in 

Applying 

Procedures  

rₛ 0.507 *** 0.521 *** 0.640 *** 0.682 *** 

p <.001 <.001 <.001 <.001 

Appropriateness of 

Procedures 

rₛ 0.539 *** 0.621 *** 0.652 *** 0.663 *** 

p <.001 <.001 <.001 <.001 

Notes: Ho: There is no significant relationship between students’ procedural fluency and   

       conceptual understanding in mathematics learning. 

Probability Value Scale: *** p < .001 (Highly Significant); **p<0.01 (Highly    

       Significant); *p<0.05 (Significant); p>0.05 (Not significant)  

 

 

Predictor of Students’ Conceptual Understanding in Mathematics 

A multiple linear regression analysis was conducted to determine whether selected 

dimensions of students’ procedural fluency and strategic competence significantly predict 

students’ conceptual understanding in mathematics. In this model, efficiency in problem-

solving, flexibility in applying procedures, and the appropriateness of procedures 

represented the procedural fluency variables. In contrast, problem representation, strategy 

formulation, and evaluation and justification represented components of strategic 

competence. Students’ conceptual understanding served as the dependent variable. The 

analysis aimed to examine how these cognitive dimensions collectively influence students’ 
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ability to comprehend mathematical concepts, establish relationships among ideas, and 

apply knowledge meaningfully. 

The results indicate that the regression model demonstrates a highly significant 

relationship between the predictors and students’ conceptual understanding. The adjusted 

R² value of 80.59% shows that approximately 80.59% of the variation in students’ 

conceptual understanding can be explained by the combined influence of procedural 

fluency and strategic competence variables. This proportion is considered very high, 

suggesting that the model has strong explanatory power. Furthermore, the model is 

statistically significant (F = 94.43, p < .001), confirming that the predictors, when taken 

together, provide a meaningful and reliable explanation of students’ conceptual 

understanding and that the results are unlikely due to chance. 

Examining the individual predictors, all variables were found to have a statistically 

significant, positive influence on students’ conceptual understanding. Among the 

predictors, appropriateness of procedures emerged as the strongest predictor (β = 0.23, t = 

5.27, p < .001). This suggests that students who can select and apply appropriate 

mathematical procedures are more likely to develop a deeper understanding of the 

underlying concepts. When learners choose suitable procedures, it reflects not only 

procedural knowledge but also an awareness of why certain methods are effective, which 

strengthens conceptual clarity. 

Problem representation was also identified as a strong predictor (β = 0.20, t = 5.05, 

p < .001). This indicates that students who can accurately interpret and represent 

mathematical problems tend to have higher conceptual understanding. The ability to 

translate problems into mathematical forms, such as diagrams, symbols, or equations, 
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enables learners to organize information and recognize relationships among concepts, 

thereby enhancing comprehension. Similarly, flexibility in applying procedures showed a 

significant positive effect (β = 0.16, t = 3.06, p = 0.003), suggesting that students who can 

adapt their procedures across different contexts are better able to understand mathematical 

ideas at a deeper level. 

Efficiency in problem solving (β = 0.12, t = 3.95, p < .001) and strategy formulation 

(β = 0.12, t = 2.58, p = 0.011) were also significant predictors of conceptual understanding. 

These findings imply that students who can solve problems efficiently and plan appropriate 

strategies tend to develop clearer and more structured conceptual knowledge. Efficient 

problem solvers focus on essential aspects of a task, while effective strategy formulation 

supports logical thinking and organized reasoning. Evaluation and justification likewise 

contributed significantly (β = 0.09, t = 2.18, p = 0.030), indicating that students who reflect 

on and justify their solutions are more likely to solidify their conceptual understanding, as 

this process requires them to explain and validate the relationships among mathematical 

ideas. 

Recent studies in mathematics education strongly support these findings. Research 

shows that conceptual understanding is enhanced when students engage in meaningful 

problem-solving processes that require them to select appropriate procedures and justify 

their reasoning (Fielding & Makar, 2022). A recent study found that students’ conceptual 

understanding improves when they actively engage in mathematical tasks that involve 

explanation, representation, and reasoning across multiple topics (Prediger, 2022). 

Similarly, a systematic review emphasized that conceptual learning is closely linked to 
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students’ ability to analyze, interpret, and apply mathematical ideas flexibly, rather than 

relying solely on routine procedures (Tañola & Lomibao, 2024). 

Moreover, related studies highlight the importance of problem representation and 

strategic processes in developing conceptual understanding (Benedek et al., 2023). 

According to recent trends in mathematics education, learners’ ability to represent 

problems using symbolic, graphical, or contextual forms significantly shapes their 

reasoning and understanding of mathematical concepts (Mutodi & Mosimege, 2021). This 

supports the present finding that problem representation is one of the strongest predictors 

of conceptual understanding. In addition, studies on problem-solving models indicate that 

conceptual understanding develops when students engage in structured problem-solving 

approaches that integrate reasoning, flexibility, and justification (Elhilal, 2025). 

Furthermore, recent empirical research underscores that procedural fluency and 

conceptual understanding are interconnected rather than separate constructs (Keazer & 

Phaiah, 2023). Learners who demonstrate efficiency and flexibility in solving problems 

tend to develop deeper conceptual knowledge because they can focus on relationships 

among concepts rather than merely executing steps (Arsyad & Syakhrani, 2024). This 

explains why efficiency, flexibility, and appropriateness of procedures significantly 

contributed to conceptual understanding in the present study. Additionally, studies have 

shown that metacognitive processes, such as evaluating and justifying solutions, play a 

critical role in strengthening conceptual learning by encouraging students to reflect on their 

reasoning and validate their understanding (Rivas et al., 2022). 

The results suggest that students’ conceptual understanding is significantly shaped 

by both procedural fluency and strategic competence. When students can efficiently solve 
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problems, apply procedures flexibly and appropriately, represent problems clearly, 

formulate strategies, and justify their solutions, they are more likely to develop a deep and 

connected understanding of mathematical concepts. These findings highlight that 

conceptual understanding is not developed in isolation but rather results from the 

integration of multiple cognitive skills. 

The findings have important implications for mathematics instruction. Teachers 

should design learning experiences that integrate procedural fluency with strategic thinking 

skills. Instructional approaches such as problem-based learning, use of multiple 

representations, guided questioning, and reflective activities can help students strengthen 

both their procedural and conceptual knowledge. By fostering efficiency, flexibility, and 

reasoning in problem solving, educators can support the development of deeper conceptual 

understanding, ultimately improving students’ overall mathematical proficiency. 

Table 7  

Predictors Coef (β) SE Coef t- value p-value 

(Constant) 0.16 0.14 1.124 0.263 

Efficiency in Problem Solving 0.12 0.03 3.95 <.001 

Flexibility in Applying Procedures 0.16 0.52 3.06 0.003 

Appropriateness of Procedures 0.23 0.04 5.27 <.001 

Problem Representation 0.20 0.04 5.05 <.001 

Strategy Formulation 0.12 0.05 2.58 0.011 

Evaluation and Justification 0.09 0.04 2.18 0.030 

Adjusted r2               80.59%                                    

F value                     94.43                                   

p-value                   < .001                                    

Students’ Conceptual Understanding = 0.16+ 0.12* Efficiency in Problem Solving+0.16* 

Flexibility in Applying 

Procedures+0.23*Appropriateness of 

Procedures+0.20*Problem 

Representation+0.12*Strategy 

Formulation+0.09*Strategy Formulation 
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Mediation Analysis on the Effect of Students’ Strategic Competence in the  

Relationship between their Procedural Fluency and Conceptual  

Understanding in Mathematics  

 

A mediation analysis was conducted to determine whether students’ strategic 

competence mediates the relationship between procedural fluency and conceptual 

understanding in mathematics learning (Table 8). The hypothesis tested in this analysis was 

that strategic competence significantly mediates the relationship between procedural 

fluency and conceptual understanding among students. The analysis examined whether 

procedural fluency influences conceptual understanding directly or indirectly through the 

development of students’ strategic competence. The results revealed that the total effect of 

procedural fluency on conceptual understanding was statistically significant, [B = 0.900, 

SE = 0.0419, 95% CI, 0.818, 0.983, Z = 21.48, p < .001]. This indicates that higher levels 

of procedural fluency are strongly associated with greater conceptual understanding among 

students in mathematics. 

The direct effect of procedural fluency on conceptual understanding remained 

statistically significant even after controlling for the mediating role of strategic 

competence, [B = 0.536, SE = 0.0551, 95% CI, 0.428, 0.644, Z = 9.71, p < .001]. This 

finding suggests that procedural fluency independently contributes to students’ conceptual 

understanding. Students who can perform mathematical procedures accurately and 

efficiently are better able to understand underlying principles and apply them in problem-

solving situations. 

At the same time, the indirect effect through strategic competence was also 

statistically significant, [B = 0.365, SE = 0.0480, 95% CI, 0.271, 0.459, Z = 7.60, p < .001]. 

This indicates that strategic competence significantly mediates the relationship between 



56 

procedural fluency and conceptual understanding. The mediation results further show that 

40.5% of the total effect occurs indirectly through strategic competence, while 59.5% 

remains direct, indicating a partial mediation effect. This suggests that procedural fluency 

enhances conceptual understanding not only through direct mastery of mathematical 

procedures but also by strengthening students’ ability to develop and apply effective 

problem-solving strategies. 

The path estimates further support this mediation relationship. Procedural fluency 

significantly predicted strategic competence, [B = 0.758, SE = 0.0470, 95% CI, 0.666, 

0.850, Z = 16.14, p < .001], indicating that students with stronger procedural skills are 

more capable of formulating and adapting strategies when solving mathematical problems. 

In turn, strategic competence significantly predicted conceptual understanding, B = 0.481, 

SE = 0.0559, 95% CI, 0.372, 0.591, Z = 8.61, p < .001], suggesting that students who can 

represent problems clearly, plan solution strategies, and evaluate their reasoning tend to 

demonstrate deeper understanding of mathematical concepts. 

These findings are consistent with recent studies that emphasize the 

interconnectedness of procedural fluency, strategic competence, and conceptual 

understanding in mathematics learning. Procedural fluency provides a foundational skill 

set that allows students to perform mathematical operations accurately and efficiently, 

enabling them to focus on higher-level reasoning processes (Go et al., 2023). Strategic 

competence, on the other hand, enables students to formulate strategies, represent 

mathematical situations, and evaluate solutions, which strengthens their ability to 

understand and apply mathematical concepts across different contexts (Ukobizaba et al., 

2021). Similarly, research indicates that students who engage in strategic problem-solving 
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demonstrate stronger conceptual understanding by actively connecting procedures to 

underlying mathematical ideas (Vale & Barbosa., 2023). 

Overall, the mediation analysis highlights the important role of strategic 

competence as a pathway through which procedural fluency contributes to conceptual 

understanding. While procedural skills directly support conceptual learning, their impact 

is stronger when students can use them strategically in problem-solving situations. These 

findings suggest that mathematics instruction should emphasize not only procedural 

accuracy but also strategic thinking. Learning activities that encourage students to 

represent problems, formulate strategies, adapt approaches, and justify their reasoning may 

help strengthen strategic competence and ultimately enhance students’ conceptual 

understanding of mathematics. 

Table 8 

Mediation analysis on the effect of students’ strategic competence in the relationship 

between procedural fluency and conceptual understanding in mathematics learning. 

 

Effect 

Label 

Estimate 

SE 95% Confidence 

Interval 

   

Lower Upper Z p % Mediation 

Indirect   a x b 0.365 0.0480 0.271 0.459 7.60 < .001 40.5 

Direct   c 0.536 0.0551 0.428 0.644 9.71 < .001 59.5 

Total   c+a x b 0.900 0.0419 0.818 0.983 21.48 < .001 100.0 

Path Estimates         

Students’ 

Procedural 

Fluency 

→ 
Procedural 

Fluency 
a 0.758 0.0470 0.666 

00.85

0 
16.14 < .001  

Students’ 

Conceptual 

Understanding 

→ 

Conceptua

l 

Understan

ding 

b 0.481 0.0559 0.372 0.591 8.61 < .001  

Students’ Strategic 

Competence 
→ 

Strategic 

Competen

ce 

c 0.536 0.0551 0.428 0.644 9.71 < .001  
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Figure 2 presents the mediation model showing the effect of students’ strategic 

competence on the relationship between procedural fluency and conceptual understanding 

in mathematics learning. The path coefficients indicate the strength of the relationships 

among the three variables, providing a clearer explanation of how procedural skills may 

influence deeper mathematical understanding. These findings imply that while procedural 

fluency alone contributes to conceptual learning, its effect is stronger when students can 

strategically apply their procedural knowledge to solve mathematical problems. Therefore, 

the diagram highlights the important role of strategic competence as a significant pathway 

in strengthening students’ mathematical understanding. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Mediation Model of the Effect of Students’ Strategic Competence on the 

Relationship between Procedural Fluency and Conceptual Understanding 
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Chapter 4 

SUMMARY, FINDINGS, CONCLUSION, AND RECOMMENDATIONS 

Summary 

The study examined the relationship between students’ procedural fluency and 

conceptual understanding in mathematics learning, as well as the mediating role of 

students’ strategic competence. This study sought to answer the following questions: (1) 

What is the level of students’ procedural fluency in mathematics learning in terms of 

accuracy, flexibility, efficiency, and appropriateness; (2) What is the level of students’ 

strategic competence in mathematics learning in terms of problem representation, strategy 

formulation, adaptation of methods, and evaluation and justification of solutions;  (3) What 

is the level of students’ conceptual understanding in mathematics learning in terms of 

comprehension of principles, application of concepts, connections across topics, and 

reasoning and justification; (4) Is there a significant relationship between students’ 

procedural fluency and their strategic competence; (5) Is there a significant relationship 

between students’ strategic competence and their conceptual understanding; (6) Is there a 

significant relationship between students’ procedural fluency and conceptual 

understanding in mathematics learning; (7) Which aspects of the variables significantly 

predict students’ conceptual understanding of mathematics learning; and (8) What is the 

mediating effect of strategic competence on the relationship between procedural fluency 

and conceptual understanding in mathematics learning. 

The study was conducted at a private, non-sectarian higher education institution 

during the 2025 - 2026 school year. The respondents in the study included 180 junior high 
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school students from Grades 7-10. The study used the Procedural Fluency Questionnaire 

(PFQ), Conceptual Understanding Questionnaire (CUQ), and Strategic Competence 

Questionnaire (SCQ) to gather data. Mean, Standard Deviation, Spearman Rank-Order 

Correlation, Stepwise Multiple Regression Analysis, and General Linear Mediation 

Analysis were the statistical tools used. 

Findings 

          These are the following findings of the study: 

1.  Students demonstrated a high level of procedural fluency in mathematics. 

Accuracy, efficiency, flexibility, and appropriateness of procedures were 

consistently observed, although flexibility in applying procedures across 

unfamiliar contexts appeared comparatively less developed. 

2. Students demonstrated a high level of strategic competence in mathematics. 

Problem representation, strategy formulation, adaptation and flexibility, and 

evaluation and justification were consistently demonstrated, with problem 

representation emerging as less developed than the other strategic skills. 

3.  Students demonstrated a high level of conceptual understanding in mathematics. 

Comprehension of mathematical concepts, application of concepts in problem-

solving, and making connections across topics were consistently demonstrated, 

while reasoning and justification was comparatively weaker. 

4.  There was a significant relationship between students’ procedural fluency and 

strategic competence. Stronger procedural execution was associated with better 

problem representation, strategy formulation, adaptation and flexibility, and 

evaluation and justification. 
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5.  There was a significant relationship between students’ strategic competence and 

their conceptual understanding in mathematics. Strong associations were evident 

across problem representation, strategy formulation, adaptation and flexibility, 

and evaluation and justification with comprehension, application, making 

connections, and reasoning.  

6.  There was a significant relationship between students’ procedural fluency and 

conceptual understanding. More accurate, efficient, flexible, and appropriate 

procedural execution was associated with stronger conceptual comprehension, 

application, connections, and reasoning. 

7.  Efficiency in problem solving, flexibility in applying procedures, appropriateness 

of procedures, problem representation, strategy formulation, and evaluation and 

justification significantly predicted students’ conceptual understanding.  

8. Students’ strategic competence partially mediated the relationship between 

procedural fluency and conceptual understanding in mathematics learning. 

Procedural skills contribute to conceptual understanding not only through direct 

application but also by developing effective problem-solving strategies. 

Conclusion  

 Based on the findings of the study, the following conclusions are drawn: 

1. Students’ procedural fluency in mathematics is significantly associated with 

their ability to execute mathematical procedures accurately, efficiently, 

appropriately, and with flexibility. In contrast, it is necessary to further develop 

students’ flexibility in applying procedures to better adapt to unfamiliar and 

complex problem situations. 
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2. Students’ strategic competence in mathematics is strongly developed through 

their ability to represent problems, formulate strategies, adapt solutions, and 

evaluate their answers. Learners are increasingly capable of engaging in higher-

order thinking processes that go beyond computation.  

3. Students’ conceptual understanding in mathematics is supported by their ability 

to comprehend concepts, apply them in problem-solving, and connect ideas 

across topics, although reasoning and justification remain comparatively 

weaker. Students can meaningfully engage with mathematical ideas but still 

need support in expressing and defending their reasoning. 

4. Students who perform mathematical procedures accurately and efficiently are 

also more capable of representing problems, developing strategies, and 

evaluating solutions. Procedural mastery reduces cognitive load, allowing 

students to focus on planning and monitoring their problem-solving processes.  

5. Students who effectively engage in problem representation, strategy 

formulation, adaptation, and evaluation tend to develop a deeper understanding 

of mathematical concepts. Strategic thinking plays a key role in transforming 

procedural actions into meaningful conceptual learning.  

6. Stronger procedural fluency leads to better conceptual understanding in 

mathematics. Students who execute procedures accurately, efficiently, flexibly, 

and appropriately are more capable of understanding, applying, and explaining 

mathematical ideas. This shows that procedural skills are essential for deeper 

and more meaningful learning. 
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7. Improving students’ procedural fluency and strategic competence can lead to 

stronger conceptual understanding in mathematics. When students develop 

skills in efficient problem-solving, flexible and appropriate use of procedures, 

clear problem representation, effective strategy formulation, and evaluation of 

solutions, they are more likely to build a deeper, more connected mathematical 

understanding. This highlights the importance of integrating both procedural 

and strategic skill development in instruction to enhance learning outcomes. 

8. Strategic competence serves as an important mechanism through which 

procedural fluency enhances conceptual understanding in mathematics. It serves 

as a bridge, strengthening the effect of procedural skills on conceptual learning, 

as students who can represent problems, formulate strategies, adapt solutions, 

and evaluate their reasoning demonstrate a deeper mathematical understanding. 

This shows that conceptual learning is maximized when procedural fluency is 

supported by strong strategic thinking. 

Recommendations 

 Based on the findings and conclusions of the study, it is recommended that:  

1. Mathematics instruction should incorporate more activities that encourage 

students to explore multiple solution strategies, solve non-routine problems, 

and adapt learned procedures to new situations in order to enhance procedural 

flexibility and promote deeper mathematical understanding. 

2. Mathematics teachers may incorporate problem-solving activities that allow 

students to represent problems, formulate strategies, adapt solution methods, 

and evaluate their answers, thereby further developing strategic competence. 
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3. Mathematics teachers should place greater emphasis on activities that require 

students to explain their solutions, justify their reasoning, and reflect on their 

problem-solving processes. Instruction should also include tasks that promote 

connections across different mathematical topics to strengthen integrated 

understanding. Incorporating discussion-based learning and problem-based 

tasks can further enhance reasoning skills. This will help students develop 

deeper mathematical thinking beyond computation and application. 

4. Mathematics teachers may design learning tasks that allow students to apply 

procedural skills while developing strategic approaches to solving 

mathematical problems. 

5. Mathematics teachers may encourage students to explain their reasoning and 

justify their solutions to strengthen both their strategic competence and 

conceptual understanding. 

6. Mathematics teachers may integrate procedural practice with conceptual 

discussions in classroom instruction so that students develop both procedural 

fluency and conceptual understanding simultaneously. 

7. Instruction should strengthen all identified predictors through problem-based 

learning, reflective activities, and tasks that require clear representation, 

flexible strategy use, and justification of solutions. 

8. Mathematics teachers should design instruction that integrates procedural 

practice with activities that develop strategic competence such as problem 

representation, strategy formulation, flexible thinking, and evaluation of 

solutions. Schools may also support teachers through training programs that 
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enhance their capacity to teach both procedural fluency and strategic problem-

solving effectively. 

9. Future researchers may conduct further studies examining the mediating role 

of strategic competence and other related variables in the relationship between 

procedural fluency and conceptual understanding in mathematics learning. At 

the same time, it is recommended that specific strategies be developed for 

public school teachers to enhance these competencies. 
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Appendix A 

PROCEDURAL FLUENCY SKILL QUESTIONNAIRE 

(To be answered by the Student) 

Directions: Read each statement carefully. Tick (✓) the number that best describes how 

true the statement is for you in your Mathematics classes. Be guided by the following scale: 

5 – Very High (VH); 4 – High (V); 3 – Moderate (M); 2 – Low (L); and 1 – Very Low 

(VL). 

 

 

                                             Indicators 

 Responses 

VH 

(5) 

H 

(4) 

M 

(3) 

L 

(2) 

VL 

(1) 

Accuracy in Solving Procedures 

When I solve math problems …  

     

1. I get the correct answer most of the time.      

2. I carefully follow the steps taught by my teacher.      

3. I check my answers to make sure they are correct.      

4. I avoid making small mistakes in my solutions.      

5. I use formulas correctly when solving problems.      

Efficiency in Problem Solving 

When I work on math activities … 

     

1. I can answer problems within the given time.      

2. I solve problems without using too many steps.      

3. I use shorter or quicker methods when possible.      

4. I do not waste time on unnecessary steps.      

5. I can finish my work fast and still get the correct 

answer. 

     

Flexibility in Applying Procedures 

When I face different math problems … 
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1. I can solve a problem in more than one way.      

2. I change my method if my first solution does not 

work. 

     

3. I choose the best strategy depending on the 

problem. 

     

4. I use what I learned in one lesson to solve new 

problems. 

     

5. I can explain my solutions in different ways.      

Appropriateness of Procedures 

When I choose how to solve problems … 

     

1. I use the right procedure for the problem.      

2. I match the solution steps with what the problem 

is asking. 

     

3. I avoid using wrong or unnecessary steps.      

4. I can explain why I used a certain method.      

5. I follow the steps in a clear and organized way.      
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Appendix B 

  CONCEPTUAL UNDERSTANDING SKILL QUESTIONNAIRE 

(To be answered by the Student) 

Directions: Read each statement carefully. Tick (✓) the number that best describes how 

true the statement is for you in your Mathematics classes. Be guided by the following scale: 

5 – Very High (VH); 4 – High (V); 3 – Moderate (M); 2 – Low (L); and 1 – Very Low 

(VL). 

 

 

                                             Indicators 

 Responses 

VH 

(5) 

H 

(4) 

M 

(3) 

L 

(2) 

VL 

(1) 

Comprehension of Mathematical Concepts 

When I study math lessons …  

     

1. I understand the meaning of the concepts being 

taught. 

     

2. I can explain math ideas in my own words.      

3. I can give examples of the concepts I learned.      

4. I understand why the rules or formulas in math 

work. 

     

5. I can describe the difference between similar math 

concepts. 

     

Application of Concepts in Problem-Solving 

When I solve math problems … 

     

1. I use concepts to solve real-life problems.      

2. I apply what I learned in class to new situations.      

3. I can decide which concept fits the problem best.      

4. I can solve word problems using the right math 

idea. 

     

5. I can explain how the math concept helps me solve 

the problem. 
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Making Connections Across Topics 

When I learn math lessons … 

     

1. I connect new concepts to what I already know.      

2. I see relationships between different math topics.      

3. I can combine two or more concepts to solve a 

problem. 

     

4. I notice patterns that connect different lessons.      

5. I understand how one math topic is related to 

another. 

     

Reasoning and Justification 

When I explain my answers … 

     

1. I can give reasons why my solution is correct.      

2. I can show the steps clearly and logically.      

3. I can justify why I used a certain math concept.      

4. I can point out errors in my solution and fix them.      

5. I can defend my answers when asked by the 

teacher or classmates. 
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Appendix C 

  STRATEGIC COMPETENCE SKILL QUESTIONNAIRE 

(To be answered by the Student) 

Directions: Read each statement carefully. Tick (✓) the number that best describes how 

true the statement is for you in your Mathematics classes. Be guided by the following scale: 

5 – Very Highly Competent (VHC); 4 – Highly Competent (HC); 3 – Moderate (M); 2 – 

Less Competent (LC); and 1 – Not Competent (NC). 

 

                                             Indicators 

 Responses 

VH 

(5) 

H 

(4) 

M 

(3) 

L 

(2) 

VL 

(1) 

Problem Representation 

When I solve math problems …  

     

1. I can understand what the problem is asking.      

2. I restate the problem in my own words.      

3. I draw figures, tables, or diagrams to represent the 

problem. 

     

4. I identify the important information given in the 

problem. 

     

5. I break down complex problems into smaller steps.      

Strategy Formulation 

When I think of solutions … 

     

1. I choose an appropriate strategy to solve the 

problem. 

     

2. I can list different possible strategies before 

solving. 

     

3. I decide which steps are needed to reach the 

solution. 

     

4. I plan the order of operations before starting the 

solution. 

     

5. I use strategies I learned in past lessons to solve 

new problems. 

     

Adaptation and Flexibility 

When my first solution does not work … 
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1. I try another method to solve the problem.      

2. I do not give up; I adjust my strategy.      

3. I can change my plan when I see a mistake.      

4. I find alternative ways to reach the correct answer.      

5. I am flexible in switching to new strategies when 

needed. 

     

Evaluation and Justification 

After solving math problems … 

     

1. I check if my answer makes sense.      

2. I review my steps to see if they are correct.      

3. I explain why I chose a particular strategy.      

4. I compare my solution with other possible 

solutions. 

     

5. I evaluate whether my solution is the most 

efficient. 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 

Appendix D 

 

 

 

Misamis University 
H. T. Feliciano St., Ozamiz City, 7200 Philippines 

 

MISAMIS UNIVERSITY RESEARCH ETHICS BOARD 
Phone: +6388 521 0367 | Fax: +6388 521 2917 

Email: muresearchethics@mu.edu.ph 

 
 

MU-REB-013/03 March 2022 
 

 

 

INFORMED PARENTAL CONSENT FORM  

 

Researcher/Investigator: 

Name:     Sheila Joy O. Quilab 

Course:   MAEd - 2 

College:  Graduate School 

Email / Contact Number:   sheilajquilab@gmail.com/09998397068 

 

 

Thesis Title: The Mediating Role of Strategic Competence Between Procedural  

         Fluency and Conceptual Understanding in Mathematics 

 

Part I. Information  

Introduction I am Sheila Joy O. Quilab, an office staff of the 

Human Resource Department. I am currently 

assigned in Ozamiz City. I am a graduate student 

under the program Master of Arts in Education 

major in Mathematics Education at Misamis 

University in Ozamiz City. 

Purpose The study intends to determine whether strategic 

competence mediates the relationship between 

procedural fluency and conceptual understanding 

in mathematics.  

Type of Research Intervention You will be answering three (3) researcher-made 

questionnaires that will be used in gathering the 

data. 
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Selection of 

Participants/Respondents 

The respondents of this study are Grades 7 - 10 

learners, in which you are one of those selected. 

You have been identified through stratified 

sampling technique and a randomizer. 

Voluntary Participation Since the study requires voluntary participation, 

your consent as a parent is needed. You have the 

choice to allow your child to participate in this 

study or not. Be assured that in case you choose 

not to let your child participate in the study, it will 

not have any negative impact on his/her 

academic standing. You do not have to give your 

consent immediately should you need more time 

to decide. 

Procedure The research will take place when your consent 

as parent and assent from your child will have 

been obtained. The distribution and retrieval of 

the questionnaires will be done in the school of 

your child, and that the researcher will personally 

distribute and retrieve the research instruments. 

To ensure the understanding of the items 

indicated in the questionnaires, the statements 

will be translated in the Bisayan language. In 

case your child will have questions, such will be 

answered to his/her satisfaction. 

Duration Your child may spend thirty (30) minutes in 

answering the questionnaires. 

Risks and Discomforts Participation in this study involves minimal risk. 

Respondents will be asked to evaluate their own 

mathematics skills and learning experiences, 

specifically focusing on procedural fluency, 

conceptual understanding, and strategic 

competence. Some items may require reflection 

on tasks or strategies that participants may find 

challenging or may feel uncertain about, which 

could cause slight discomfort. However, 

participation is entirely voluntary, and 

respondents have the freedom to skip any 

question or item that they do not feel comfortable 
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answering. All responses will be kept 

confidential, and participants may withdraw from 

the study at any time without any negative 

consequences 

Benefits This study is beneficial to you because it provides 

an opportunity to reflect on and evaluate your 

own mathematics skills, specifically in the areas 

of procedural fluency, conceptual understanding, 

and strategic competence. By participating, you 

can gain greater awareness of your strengths and 

areas for improvement in solving mathematical 

problems, applying strategies, and understanding 

concepts. The results of the study may also 

inform your teachers about effective instructional 

strategies, which can enhance learning 

experiences and support your development in 

mathematics. Additionally, your participation 

contributes to research that may benefit future 

students by improving teaching and learning 

practices in mathematics. 

Reimbursements There is no monetary incentives or payments on 

your child for his/her participation in this 

research. 

Confidentiality Only the researcher will have access to 

information and responses to be given by your 

child. The data will be treated with utmost 

confidentiality. During the study, all data will be 

kept in a locked and secure, filing cabinet. The 

research data will be discarded 6 months after the 

publication of the results.  

Sharing of Findings The results of this study will be presented during 

the thesis final defense of the researcher. Also, 

the research findings may be shared through 

publications and conferences with the assurance 

that the identities of the respondents will remain 

confidential. Your child will be given a print 

copy of the research findings. 
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Rights to Refuse or Withdraw If you decide to let your child participate in the 

study, he/she is free not to answer any question(s) 

if one chooses not to. He/she is also free to 

withdraw or terminate participation at any stage 

of the study, without the need to give any reason. 

Your child will not be penalized in case of 

termination of participation. 

 

Who to Contact Should there be any queries as a parent, you can 

contact the researcher through the following 

details: 

 

Name of the Researcher: Sheila Joy O. Quilab 

Cellphone Number/s: 09998397068 

e-mail ad:_sheilajquilab@gmail.com 

 

 

 

 

 

Part II. Certificate of Consent 

 

       The research entitled, “The Mediating Role of Strategic Competence Between 

Procedural Fluency and Conceptual Understanding in Mathematics” by Sheila Joy O. 

Quilab, has been presented and explained to me clearly. Since the respondents will be 

Grades 7-10 learners, I am asked to give my assent to participate in the research by 

answering three (3) researcher-made questionnaires. I have read the foregoing 

information, or it has been read to me.  

       

       I have had the opportunity to ask questions about it and the questions that I have 

asked have been answered to my satisfaction.  I consent voluntarily for my child 

to be involved as a participant in this study. 
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Print Name of Parent or Guardian __________________     

Signature of Parent of Guardian___________________ 

Date ___________________________ 

 Day/month/year    

 

STATEMENT BY THE RESEARCHER 

              I will accurately read out the information sheet to the parent of the potential 

respondent, and to the best of my ability make sure that the person understands that the 

minor-respondent will be asked to answer three (3) questionnaires. 

 

              I assure that the parent will be given an opportunity to ask questions about the 

study, and all the questions to be asked by him/her will be answered correctly and to the 

best of my ability. I also assure that the individual will not be coerced into giving consent, 

and the consent will be given freely and voluntarily.  

   

            A copy of this Informed Parental Consent Form will be provided to the parent or 

guardian of the participant _____________________________________. 

 

Print Name of Researcher:   SHEILA JOY O. QUILAB 
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Appendix E 

INFORMED ASSENT FORM  

 

Researcher/Investigator: 

Name:     Sheila Joy O. Quilab 

Course:   MAEd - 2 

College:  Graduate School 

Email / Contact Number:   sheilajquilab@gmail.com/09998397068 

 

 

Thesis Title: The Mediating Role of Strategic Competence Between Procedural Fluency 

and Conceptual  

          Understanding in Mathematics 
 

Part I. Information  

Introduction I am Sheila Joy O. Quilab, an office staff of the 

Human Resource Department. I am currently 

assigned in Ozamiz City. I am a graduate student 

under the program Master of Arts in Education 

major in Mathematics Education at Misamis 

University in Ozamiz City. 

Purpose The study intends to determine whether strategic 

competence mediates the relationship between 

procedural fluency and conceptual understanding 

among mathematics students.  

Type of Research Intervention You will be answering three (3) researcher-made 

questionnaires that will be used in gathering the 

data. 

Selection of 

Participants/Respondents 

The respondents of this study are Grades 7 - 10 

learners, in which you are one of those selected. 

You have been identified through stratified 

sampling technique and a randomizer. 

Voluntary Participation Since the study requires voluntary participation, 

your assent is needed. You have the choice to 

participate in this study or not. Be assured that in 

case you choose not participate in the study, it will 

not have any negative impact on your academic 
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standing. You do not have to give your assent 

immediately should you need more time to decide. 

 

Procedure The research will take place when your parent will 

give his/her informed consent and when you give 

your assent to this research. I will personally 

distribute the questionnaires in your school and 

will do the retrieval as soon as they are 

accomplished. To ensure your understanding of 

the items indicated in the questionnaires, the 

statements will be translated in the Bisayan 

language. In case you have any questions, they 

will be answered to your satisfaction. 

Duration Answering the questionnaires may require you to 

spend thirty (30) minutes in accomplishing them. 

Risks and Discomforts Participation in this study involves minimal risk. 

Respondents will be asked to evaluate their own 

mathematics skills and learning experiences, 

specifically focusing on procedural fluency, 

conceptual understanding, and strategic 

competence. Some items may require reflection 

on tasks or strategies that participants may find 

challenging or may feel uncertain about, which 

could cause slight discomfort. However, 

participation is entirely voluntary, and 

respondents have the freedom to skip any question 

or item that they do not feel comfortable 

answering. All responses will be kept confidential, 

and participants may withdraw from the study at 

any time without any negative consequences 

Benefits This study is beneficial to you because it provides 

an opportunity to reflect on and evaluate your own 

mathematics skills, specifically in the areas of 

procedural fluency, conceptual understanding, 

and strategic competence. By participating, you 

can gain greater awareness of your strengths and 

areas for improvement in solving mathematical 
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problems, applying strategies, and understanding 

concepts. The results of the study may also inform 

your teachers about effective instructional 

strategies, which can enhance learning 

experiences and support your development in 

mathematics. Additionally, your participation 

contributes to research that may benefit future 

students by improving teaching and learning 

practices in mathematics. 

Reimbursements There is no monetary incentives or payments on 

your participation in this research. 

Confidentiality Only the researcher will have access to 

information and responses you will give. The data 

will be treated with utmost confidentiality. During 

the study, all data will be kept in a locked and 

secure, filing cabinet. The research data will be 

discarded 6 months after the publication of the 

results.  

Sharing of Findings The results of this study will be presented during 

the thesis final defense of the researcher. Also, the 

research findings may be shared through 

publications and conferences with the assurance 

that the identities of the respondents will remain 

confidential. You will be given a print copy of the 

research findings. 

Rights to Refuse or Withdraw If you decide to participate in this study, you are 

free not to answer any question(s) if you choose 

not to. You are also free to withdraw or terminate 

participation at any stage of the study, without the 

need to give any reason. You will not be penalized 

in case of termination of participation. 

 

Who to Contact Should you have any queries, you can contact the 

researcher through the following details: 
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Name of the Researcher:___________________ 

Cellphone Number/s:______________________ 

e-mail ad:_________________________ 

 

 

 

 

 

Part II. Certificate of Assent 

 

     The research entitled, “The Mediating Role of Strategic Competence Between 

Procedural Fluency and Conceptual Understanding in Mathematics” by Sheila Joy O. 

Quilab, has been presented and explained to me clearly. Since the respondents will be 

Grades 7-10 learners, I am asked to give my assent to participate in the research by 

answering three (3) researcher-made questionnaires.  I have read the foregoing 

information, or it has been read to me.  

       

       I have had the opportunity to ask questions about it and the questions that I have 

asked have  

been answered to my satisfaction.  I give assent voluntarily to be involved as a participant 

in  

this study. I agree to take part in this research. 

 

Print Name of the Child: __________________      

Signature of the Child:___________________ 

Date ___________________________ 

 Day/month/year    
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STATEMENT BY THE RESEARCHER 

 

              I will accurately read out the information sheet to the child as a respondent, and 

to the best of my ability make sure that the child understands that he/she will be asked 

to answer three (3) questionnaires. 

 

              I will ensure that the child will be given an opportunity to ask questions about 

the study, and all the questions to be asked by him/her will be answered correctly and to 

the best of my ability. I will also ensure that the child will not be coerced into giving 

assent, and the assent will be given freely and voluntarily.  

   

            A copy of this Informed Assent Form will be provided to the child 

_____________________________________. 

 

Print Name of Researcher:   _____________________  
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CURRICULUM VITAE 

PERSONAL DATA 

 Name   : Sheila Joy O. Quilab 

 Age   : 26 years old 

 Birthdate  : November 20, 1999 

 Civil Status  : Single 

 Religion  : Roman Catholic 

 Home Address  : P – Makiangayon, Maningcol, Ozamiz City 

 Parents   : Mr. & Mrs. Antonio T. Quilab Jr. 

            Spouse   : None   

 Child   : None              

EDUCATION 

 

Graduate : Master of Arts in Education  

 Major in Mathematics Education 

 Misamis University 

 H.T. Feliciano St., Ozamiz City 

 June 2026 

 

 College : Bachelor in Secondary Education (BSED) 

 Major in Mathematics 

 Misamis University 

 H.T. Feliciano St., Ozamiz City 

 June 2022 

 

 Secondary : Misamis University 

                                H.T. Feliciano St., Ozamiz City 

    April 2018 

 

 Elementary :   Maningcol Central School  
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PROFESSIONAL ELIGIBILITY :  Professional Licensure Examination for  

Teacher -Secondary Level 

           September 2023       

WORK EXPERIENCE 

July 2024 - Present  : Office Staff 

      Misamis University 

H.T. Feliciano St., Ozamiz City 

 

 July 2023 – June 2024 : Faculty 

      Tangub Montessori Center 

Tangub City 

 

SEMINARS/TRAININGS 

 

● Seminar on Conducting Educational and Social Science Researches 
November 6, 2024 

● Seminar on Analyzing Data Using Appropriate Statistical Analysis/Treatments 
October 15, 2024 

● Academic Integrity or Abuse of Power: A Seminar of Faculty and Staff Conduct 

August 18, 2025 
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