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Abstract 
 

The mediation role of learning styles was examined, influencing students’ beliefs in Mathematics and attitudes toward Mathematics on 

their performance in solving word problems in Mathematics in the Modern World (MMW). It aimed to assess students’ beliefs and attitudes, 

identify dominant learning styles (visual, auditory, kinesthetic), evaluate their performance in solving word problems, determine the me-

diating effects of learning styles, and propose instructional strategies aligned with these styles to enhance engagement and performance. 

Employing a descriptive-correlational design with Structural Equation Modeling (SEM), the study involved freshman students enrolled in 

the first semester of the academic year 2023–2024 at Batangas State University, the National Engineering University. The data were col-

lected using Cronbach alpha-validated instruments with high reliability: learning styles (0.916), beliefs (0.963), and attitudes (0.916). In 

addition, student performance in solving word problems was measured through a researcher-made test with a Kuder-Richardson Formula 

21 (KR-21) reliability coefficient of 0.832. Findings revealed significant associations among students’ beliefs, attitudes, learning styles, 

and performance. Significantly, specific learning styles mediated the influence of beliefs and attitudes on problem-solving success. Based 

on these insights, evidence-based instructional strategies were recommended to match students’ preferred learning styles, aiming to foster 

deeper engagement and improved performance in solving word problems. 

 
Keywords: Attitudes toward Mathematics, Beliefs in Mathematics, Instructional strategies, Learning styles in Mathematics, and Performance in solving 

word problems 

1. Introduction 

Educational institutions play a vital role in enhancing Mathematics education by equipping both teachers and students with the tools nec-

essary for academic success. Providing professional development and fostering a growth mindset empowers educators to implement inno-

vative strategies while helping students embrace challenges as opportunities for intellectual development. Mathematics in the Modern 

World (MMW) emphasizes interdisciplinary, real-world applications that aim to make learning more relevant, inclusive, and engaging. 

As a faculty member-researcher at Batangas State University, The National Engineering University (BatStateU The NEU), the author is 

well-positioned to explore students’ challenges in MMW, particularly in solving word problems. Based on direct experience in teaching 

and research, the researcher observed that students often struggle with transitioning from theoretical concepts to practical applications. 

This difficulty is not unique to BatStateU. The NEU; similar concerns have been reported across Philippine higher education institutions. 

National and international assessments also show a consistent trend: students perform well in procedural tasks but face difficulties in 

solving complex word problems requiring higher-order thinking. 

In this context, it is important to clarify the difference between learning styles and learning modalities to avoid confusion. Learning styles 

refer to an individual’s preferred way of processing and engaging with information. For instance, Fleming’s VARK model defines four 

primary learning styles: Visual (preference for diagrams and imagery), Aural (preference for listening and discussion), Read/Write (pref-

erence for text-based input and output), and Kinesthetic (preference for hands-on and experiential learning) (Fleming & Baume, 2006). On 

the other hand, learning modalities pertain to the channels or sensory modes through which learning can occur (e.g., visual, auditory, 

tactile/kinesthetic), but they do not necessarily capture a learner’s preference. In other words, modalities describe the means of delivering 

instruction, while styles reflect the individual preferences in receiving and processing information. 

Building on this distinction, literature confirms that students’ beliefs in Mathematics and attitudes toward Mathematics significantly affect 

their engagement and performance. Positive beliefs and a growth mindset encourage perseverance and problem-solving (Hidayatullah & 

Csikos, 2022; Takunyaci, 2021), while negative beliefs foster fixed mindsets that hinder learning. Teachers’ positive attitudes further 

contribute to supportive learning environments (Goos & Geiger, 2021). In addition, when considered alongside these affective factors, 

http://creativecommons.org/licenses/by/3.0/
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learning styles such as visual, auditory, and kinesthetic have been shown to influence students' comprehension, thereby making differenti-

ated instruction essential (Johnson & McCabe, 2021; Wu & Li, 2021). 

Instructional strategies aligned with students’ learning styles have also demonstrated effectiveness in supporting word problem solving. 

Almuwaiziri et al. (2023) found that children who created their own visuals during problem-solving performed better than those who relied 

solely on provided diagrams, suggesting that self-generation fosters deeper understanding. Similarly, Billman et al. (2023) reported that 

the use of virtual manipulatives and graphic organizers notably improved students’ independence and accuracy when solving proportion 

and multistep problems, which are often embedded in deceptive and digit-based tasks. Nasution et al. (2022) demonstrated that verbalizing 

thought processes during problem-solving in a Think-Aloud Pair Problem Solving (TAPPS) model enhanced learners’ understanding of 

mathematical reasoning by making cognitive steps explicit. Such approaches also promote metacognition, enabling students to monitor 

and adapt their strategies. For kinesthetic learners, Cosentino et al. (2023) showed that students who physically walked number lines 

developed greater fluency in integer operations, which are foundational in digit-based problems. Furthermore, embodied learning research 

from Multidisciplinary Digital Publishing Institute (MDPI, 2023) and ResearchGate (2023) highlights how touch-tracing diagrams and 

gesture-based explanations improve spatial awareness and cognitive flexibility—both essential in decoding misleading or complex word 

problems. 

However, despite these promising applications, the learning styles framework has been critiqued in educational psychology. Pashler et al. 

(2008) argued that there is little empirical evidence supporting the effectiveness of tailoring instruction to match individual learning styles, 

noting that much of the existing evidence is anecdotal or methodologically limited. More recent critiques echo that the “matching hypoth-

esis” lacks robust validation, and rigidly adhering to learning styles may oversimplify the complexities of how students learn (Newton, 

2015; Aslaksen & Lorås, 2019). These critiques suggest a need for caution: while learning-style-informed strategies may provide useful 

entry points for engagement, they should be integrated with evidence-based practices such as metacognitive training, explicit instruction, 

and collaborative problem-solving to more effectively enhance mathematical learning. 

Cognitive and affective factors such as reasoning ability, self-confidence, and anxiety also influence students’ problem-solving perfor-

mance. Heuristic strategies and logical reasoning help students deconstruct complex tasks (Schoenfeld, 2021), while confidence and posi-

tive emotions improve persistence (Brown & Green, 2021). Effective instructional practices, including explicit teaching, collaborative 

learning, and think-aloud strategies, further support student success (Polya, 2020; McKnight & Hughes, 2020). 

The Structural Equation Modeling (SEM) was employed to better understand these complex interactions. SEM is an advanced analytical 

method that integrates factor analysis and regression to examine theoretical models involving mediators and indirect effects (Schumacker 

& Lomax, 2021). In this study, it was used to analyze how learning styles mediate the relationship between students' beliefs in Mathematics 

and attitudes toward Mathematics, and their performance in solving word problems. 

Specifically, it aimed to: 

1. Assess the students’ level of agreement regarding their beliefs in Mathematics and their attitudes toward Mathematics. 

2. Determine the extent to which learning styles in Mathematics are manifested among students, with focus on visual, auditory, and 

kinesthetic dimensions. 

3. Evaluate the level of students’ performance in solving word problems in Mathematics in the Modern World. 

4. Identify the learning styles that mediate the influence of students’ beliefs in Mathematics and attitudes toward Mathematics on their 

performance in solving word problems. 

5. Propose evidence-based instructional strategies aligned with students’ learning styles to enhance their engagement and improve per-

formance in solving word problems. 

This study was based on several theoretical frameworks: Experiential Learning Theory by Kolb (1984); Constructivist Learning Theory 

developed by Dewey, Piaget, Vygotsky, Bruner, and Gagné; and Affective-Cognitive Consistency Theory (1956) by Rosenberg. These 

frameworks provided a strong foundation for examining the interconnected roles of beliefs, attitudes, learning styles, and academic perfor-

mance in solving word problems. 

2. Conceptual Framework 

In this study, the conceptual framework is based on well-established educational and psychological theories that support the relationships 

among the core variables: beliefs in Mathematics, attitudes toward Mathematics, learning styles in Mathematics, and performance in solv-

ing word problems. 

Learning styles in Mathematics, serving as the mediating variable, are supported by Kolb’s Experiential Learning Theory (1984). This 

theory outlines a four-stage learning cycle, which includes concrete experience, reflective observation, abstract conceptualization, and 

active experimentation, as it corresponds to the visual, auditory, and kinesthetic learning styles. It provides a lens through which students' 

preferences and strategies in approaching and solving word problems can be better understood. 

Beliefs in Mathematics, as one of the independent variables, are based on Constructivist Theory as articulated by Dewey, Piaget, Vygotsky, 

Bruner, and Gagne. This perspective sees learners as active constructors of knowledge rooted in prior experience. It highlights the im-

portance of self-efficacy, perception of subject relevance, and students’ internal frameworks in shaping their mathematical understanding. 

Attitudes toward Mathematics as another independent variable are supported by Rosenberg’s Affective-Cognitive Consistency Theory 

(1956). This theory claims that there is a logical alignment between individuals’ beliefs and their emotional responses. Positive attitudes, 

when consistent with strong beliefs, can enhance engagement and persistence in problem-solving tasks, thereby influencing performance 

outcomes. 

The dependent variable is the performance in solving word problems in Mathematics in the Modern World (MMW). This outcome is 

influenced directly by students' beliefs and attitudes, and indirectly through the mediating role of their learning styles, to come up with 

evidence-based instructional strategies. 
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Fig. 1: Research paradigm  

 

Figure 1. Research paradigm illustrating the relationships among beliefs in Mathematics and attitudes toward Mathematics (independent 

variables), learning styles in Mathematics (mediating variable), and performance in solving word problems (dependent variable). The 

framework is grounded in Constructivist Theory (Dewey, Piaget, Vygotsky, Bruner, & Gagne), Rosenberg’s Affective-Cognitive Con-

sistency Theory, and Kolb’s Experiential Learning Theory, and analyzed using Structural Equation Modeling (SEM). This SEM is a pow-

erful statistical approach that captures both direct and indirect effects, offering comprehensive insights to inform targeted, evidence-based 

instructional strategies in solving word problems. 

3. Methodology 

A descriptive-correlational design was utilized in describing and analyzing the relationships among students’ beliefs in Mathematics, atti-

tudes toward Mathematics, learning styles in Mathematics, and their performance in solving word problems. The design was appropriate 

for examining the direct and indirect effects among the variables, particularly the mediating role of learning styles. 

To determine the population of the study, the researcher sought permission from the Heads for Registration Offices of the five (5) constit-

uent campuses of Batangas State University, The National Engineering University (BatStateU, The NEU). An estimated sample size of 

610 freshman students enrolled in the course during the first semester of academic year 2023–2024 was considered. Using the Raosoft 

online sample size calculator at a 99% confidence level and 5% margin of error, the required sample size was determined. A simple random 

sampling technique through a random name generator was used. Out of 610, only 599 were able and willing students who participated in 

the study. 

Three researcher-developed instruments were used: (1) a 30-item questionnaire on learning styles in Mathematics (visual, auditory, kines-

thetic) using a five-point Likert scale; (2) a 20-item beliefs in Mathematics questionnaire using a four-point Likert scale; and (3) a 40-item 

attitudes toward Mathematics questionnaire, also on a four-point Likert scale. All instruments underwent expert validation to ensure clarity, 

relevance, and content validity. Reliability was established through a pilot test with 100 students who had taken Mathematics in the Modern 

World in the First Semester of 2022–2023. Cronbach’s alpha values indicated excellent internal consistency: 0.916 (learning styles), 0.963 

(beliefs), and 0.916 (attitudes). 

Students’ performance in solving word problems was assessed using a researcher-developed multiple-choice test (logic, sequences, digit-

based problems, directions, and deceptive problems) scored dichotomously (1 = correct, 0 = incorrect). The first pilot administration (Feb-

ruary 14–28, 2024) via Google Forms with 100 students assessed clarity, flow, timing, and cognitive appropriateness. Item analysis deter-

mined difficulty, discrimination, and validity; weak items were revised or removed. A second trial (March 14–25, 2024) with another 100 

students established reliability using KR-21, yielding 0.832, indicating good internal consistency. Revisions were incorporated into the 

final version. 

The validated instruments and final word problem test were administered online via Google Forms from April 1–24, 2024, to freshman 

students enrolled in Mathematics in the Modern World. Ethical protocols were observed: participants were informed of the study’s purpose, 

voluntary nature, and right to withdraw without consequence. Digital informed consent was obtained, and confidentiality and anonymity 

were ensured through non-collection of personally identifiable information and secure handling of data. Responses were analyzed in ag-

gregate for academic purposes only. 

4. Results And Discussion 

The study employed Structural Equation Modeling (SEM) using SmartPLS and the Statistical Package for Social Sciences (SPSS) to 

analyze the data, which led to the following key findings. Nonetheless, certain limitations should be noted, such as potential biases from 

the self-reporting of learning styles and the inherent inability of a cross-sectional design to establish causality. Furthermore, the diversity 

of students’ academic backgrounds (e.g., STEM vs. non-STEM majors) was not fully considered, which limits the extent to which the 

findings of this study can be generalized. 
 

Assessment of the Freshman Students on Beliefs in Mathematics and on Attitudes toward Mathematics. The assessment of freshman stu-

dents’ beliefs and attitudes toward Mathematics, focusing on both teaching and learning dimensions as well as affective, behavioral, and 

cognitive domains, is presented in Table 1. Results indicate a general agreement across all categories, suggesting that students hold positive 

perceptions about Mathematics and recognize its value, though emotional responses reveal moderate enthusiasm and lingering apprehen-

sion 
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Table 1: Assessment on Beliefs in Mathematics and on Attitudes toward Mathematics 

Beliefs in  

Mathematics 

Composite Mean Standard Deviation Verbal  

Interpretation 

Teaching 3.43 0.428 Agree 

Learning 3.43 0.464 Agree 
 

Attitudes toward Mathematics Composite Mean Standard Deviation Verbal  

Interpretation 

Affective 2.71 0.516 Agree 
Behavior 3.25 0.359 Agree 

Cognitive 3.08 0.419 Agree 

 

The freshman students expressed their agreement with positive beliefs in Mathematics, as reflected by composite mean scores of 3.43 in 

both teaching and learning belief dimensions, with standard deviations of 0.428 and 0.464, respectively. These findings indicate a strong 

endorsement of structured guidance, critical thinking, and real-world application in Mathematics education. Such results are consistent 

with existing literature highlighting the role of teacher beliefs (Goos & Geiger, 2021), the impact of cultural context (Garii & Okumu, 

2020), and the effectiveness of collaborative teaching approaches (Sun et al., 2023). In terms of learning beliefs, students demonstrated a 

growth-oriented mindset, emphasizing critical thinking and practical application. These perspectives align with the studies of Pongsakdi et 

al. (2019) and Yilmaz and Bas (2021), which emphasize the significance of strong mathematical beliefs and self-efficacy in enhancing 

problem-solving capabilities. 

Regarding attitudes toward Mathematics, students showed mild to moderate agreement across three domains. The affective domain yielded 

a composite mean score of 2.71 (SD = 0.516), indicating mixed emotions, combining interest and enjoyment with residual discomfort or 

anxiety. This emotional ambivalence reflects the complex nature of students’ affective experiences in Mathematics, as noted by Hannula 

(2020). The behavioral domain scored higher, with a composite mean of 3.25 (SD = 0.359), signifying a clear willingness to engage in 

learning and skill development, although with some hesitancy when faced with advanced tasks. These findings underscore the importance 

of fostering positive behavioral engagement to strengthen confidence and participation, as emphasized by Hwang and Son (2021). Mean-

while, the cognitive domain recorded a composite mean of 3.08 (SD = 0.419), indicating that students generally recognize the value and 

relevance of Mathematics. This aligns with findings by Ma and Lee (2021) and Hidayatullah and Csikos (2022), which link positive 

cognitive attitudes to persistence and success in mathematical problem-solving. 

In general, freshman students exhibited positive beliefs and attitudes toward Mathematics, especially in recognizing its importance and 

engaging with learning tasks. However, the presence of emotional unease and confidence gaps suggests a need for targeted interventions 

and supportive strategies that promote emotional resilience and self-assurance in mathematical learning contexts. 
 

Extent of Visual, Auditory, and Kinesthetic as Learning Styles in Mathematics. In Table 2, the extent to which freshman students adopt 

various learning styles in Mathematics, specifically visual, auditory, and kinesthetic, is shown. The results reveal a strong preference for 

the visual learning style, while auditory and kinesthetic styles are moderately utilized, indicating that students often engage with visual 

strategies but occasionally incorporate auditory and hands-on methods in their learning process.  

 
Table 2: Extent of the Learning Styles in Mathematics 

Learning Style Composite Mean Standard Deviation Verbal Interpretation 

Visual 3.70 0.509 Often 

Auditory 3.44 0.418 Sometimes 

Kinesthetic 3.49 0.503 Sometimes 

 

In the three identified learning styles in Mathematics, the visual learning style emerged as the most preferred by freshman students, with a 

composite mean score of 3.70 and a standard deviation of 0.509. This indicates a strong inclination toward instructional strategies that 

incorporate diagrams, charts, written materials, and quiet study environments. The findings suggest that students perceive visual methods 

as effective tools for understanding and retaining mathematical concepts. These results are consistent with the findings of Johnson and 

McCabe (2021) and Adu and Duku (2021), who highlighted the positive impact of visual learning in enhancing student engagement and 

academic performance through targeted instructional techniques. 

In comparison, the auditory learning style received a composite mean score of 3.44 with a standard deviation of 0.418, indicating a moderate 

preference. Students demonstrated occasional reliance on auditory strategies such as verbal explanations, repetition, and group discussions. 

While these methods were perceived as somewhat beneficial, they may not be sufficient on their own to fully support comprehension of 

mathematical concepts. These results are in line with the studies of Brown and Green (2021) and Azizah et al. (2021), who emphasized the 

importance of differentiated instruction that incorporates a blend of auditory techniques with other learning styles to address diverse learner 

needs and strengthen mathematical problem-solving skills. 

Similarly, the kinesthetic learning style showed a moderate preference, with a composite mean score of 3.49 and a standard deviation of 

0.503. This suggests that students appreciate hands-on activities and real-world applications that allow them to actively engage with and 

internalize abstract mathematical ideas. The findings support previous studies by Wu and Li (2021) and Kaur and Bhaskaran (2020), which 

demonstrated the effectiveness of kinesthetic strategies in promoting cognitive flexibility and deeper conceptual understanding. Although 

kinesthetic approaches encourage engagement, their moderate preference underscores the need for integration with visual and auditory 

techniques. 

Overall, these findings highlight the importance of multimodal and personalized teaching approaches that incorporate visual, auditory, and 

kinesthetic strategies to create a more inclusive and effective Mathematics learning environment. 
 

Freshman Students’ Performance in Solving Word Problems. Table 3 presents the performance of freshman students in solving various 

types of word problems in Mathematics in the Modern World. 

The overall performance of freshman students in solving word problems was assessed as fair, with an average score of 57.97%. However, 

performance varied across different types of problems. In deceptive word problems, students scored below the average of 62.67%, sug-

gesting a developing capacity for critical thinking and analytical reasoning. While they showed some ability to identify and navigate 

misleading information, they encountered difficulties in employing advanced strategies and uncovering hidden complexities. These find-

ings echo the observations of the National Research Council (2020), White and Mitchell (2020), and Mendoza and Bautista (2023), who 
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emphasized the interplay of emotional regulation, collaboration, and analytical thinking in effective problem-solving, highlighting the need 

for instructional strategies that address both cognitive and affective domains. 
 

Table 3: Performance in Solving Word Problems 

Word Problems Average Score (%) 95% Confidence Interval (Lower, Upper) Verbal Description 

Logic Puzzle 58.50 (58.46, 58.54) Fair 
Sequence or Pattern 57.50 (57.46, 57.54) Fair 

Digit or Number Related 55.67 (55.63, 55.71) Fair 

Direction or Distance 55.50 (55.46, 55.54) Fair 
Deceptive 62.67 (62.63, 62.71) Below Average 

 

Overall Average Score (%) 57.97 (57.93, 58.01) Fair 
 

In logic puzzle word problems, students achieved a fair score of 58.50%, reflecting partial proficiency in applying structured reasoning and 

systematic approaches. This result aligns with the recommendations of Polya (2020), McKnight and Hughes (2020), and Thompson and 

Wu (2021), who advocate for strategic frameworks and think-aloud protocols to enhance students' logical reasoning and adaptability. 

Similarly, performance in sequence or pattern-based problems was fair, with a fair score of 57.50%, indicating challenges in higher-order 

pattern recognition and inferential skills, as noted by Jensen and Blanchard (2022). 

The performance in digit or number-related problems and direction or distance-related problems yielded fair scores of 55.67% and 55.50%, 

respectively. These scores suggest students had difficulty with numerical decomposition and spatial reasoning. Rodriguez and Kim (2023) 

and Ng and Lee (2020) emphasized the utility of visual learning tools and instructional aids in supporting comprehension in these domains. 

Furthermore, Mathematics anxiety may have influenced students' confidence and problem-solving strategies, as discussed by Villanueva 

and Cruz (2020). 

The fair performance across various types of word problems highlights the need for targeted pedagogical interventions. Emphasizing 

collaborative learning, visual representation, and analytical thinking strategies could support the development of more effective problem-

solving skills. These results underscore the importance of adopting diverse and student-centered instructional approaches to improve learn-

ers' proficiency in solving a wide range of mathematical word problems. 
 

Mediation Analysis of the Learning Styles in Mathematics that Influence Beliefs and Attitudes to Performance in Solving Word Problems. 

In Figure 2, the hypothesized model result was presented. This model showed the effects of beliefs in Mathematics and attitudes toward 

Mathematics on performance in solving word problems as mediated by learning styles in Mathematics. 
 

 
Fig. 2: Hypothesized Model Result 

 
Notes: Values outside parentheses = Standardized Path Coefficient (β) or regression weights. Values inside parentheses = p-value (Significance Level) 

 

The mediation results between the independent variables and the performance in solving word problems are summarized in Table 4. It 

indicated significant relationships between key variables and students' performance in solving word problems. In this analysis, Attitudes 

toward Mathematics (ATM) and Beliefs in Mathematics (BM) served as independent variables, with Learning Styles in Mathematics (LSM) 

serving as a mediating latent variable.  

 
Table 4: Summary for the Mediation Results between the Influencing Factors and the Performance in Solving Word Problems 

IV Mediator DV Type Coefficient t-value p-value  Effect Size () VI 

ATM LSM PSWPs Partial 0.278 6.972 0.000 0.28  

(medium) 

S 

BM LSM PSWPs Partial 0.392 8.349 0.000 0.39  
(medium-large) 

S 

Legend:  

IV = Independent Variable 
ATM = Attitude toward Mathematics 

DV = Dependent Variable 

BM = Beliefs in Mathematics 
VI = Verbal Description 

PSWPs = Performance in Solving Word Problems 

S = Significant 
 

Learning styles partially mediated the beliefs-performance ( = 0.392, p < 0.001) and attitudes-performance ( = 0.278, p < 0.001) rela-

tionships, accounting for 39% and 28% of variance, respectively. In addition, beliefs in Mathematics have a t-value = 8.349 and an effect 
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size () of 0.39 (medium-large), while attitudes toward Mathematics have a t-value = 6.972972 and an effect size () of 0.28 (medium), 

indicating that both have a significant partial mediation effect. These results suggest that learning styles significantly mediate the influence 

of beliefs and attitudes on mathematical performance, particularly in solving word problems. 

This mediation underscores the critical role of students' psychological profiles, as learning styles shape how beliefs and attitudes manifest 

in actual problem-solving behavior. These findings align with the work of Azizah et al. (2021), who concluded that learning styles signif-

icantly affect mathematical engagement, especially when instruction is adapted to students' preferred modalities. Likewise, Shulman and 

Williams (2020) emphasized that integrating diverse learning preferences into instructional planning fosters inclusivity and enhances stu-

dent connection with mathematical content. 

In essence, the results confirm that both attitudes and beliefs in Mathematics exert a meaningful indirect influence on performance via 

students’ learning styles. This highlights the necessity of designing personalized instructional strategies that not only account for learners' 

cognitive styles but also aim to cultivate positive attitudes and beliefs toward Mathematics. Further investigation is encouraged to explore 

how these variables interact over time and to develop targeted interventions that enhance mathematical performance through psychological 

and pedagogical alignment. 
 

Proposed Evidence-based Instructional Strategies for Students’ Preferred Learning Styles in Solving Word Problems. Table 5 presents 

evidence-based instructional strategies tailored to support the solving of word problems in Mathematics in the Modern World, aligned with 

students’ preferred learning styles and relevant teaching implications. 

 
Table 5: Evidence-Based Instructional Strategies for Solving Word Problems 

Learning Style Instructional Strategy Solution Support Implications of Teaching 

Visual 

Use of self-constructed visualiza-

tions (e.g., drawing diagrams, 
number lines) and virtual manipu-

latives with graphic organizers 

Spatial Support. It helps students visually 

organize relationships in direction and se-
quence problems, and uncover structure 

in deceptive formats 

Teachers should encourage students to draw 

their own models and use digital visual tools 
to enhance pattern detection, spatial reason-

ing, and comprehension of complex word 

problems. Integration of visual aids should be 
standard in problem-solving instruction. 

 

Auditory 

Implement think-aloud protocols 

and structured peer discussions 
during problem-solving 

Reasoning Reinforcement. It encourages 

verbal articulation of logical steps for 
logic, deceptive, and digit problems 

Teachers should incorporate think-aloud strat-
egies and collaborative discussion sessions to 

make mathematical reasoning explicit. These 

methods help auditory learners reflect on so-
lution processes and clarify misunderstand-

ings in problem structure. 

 

Kinesthetic 

Use embodied gestures, touch-

tracing of diagrams, and move-
ment-based number lines (e.g., 

body walking number lines) 

Inference Boost. It engages body memory 

and spatial interaction to enhance solving 
of direction, digit, and deceptive prob-

lems. 

Teachers should design Mathematics activi-

ties that integrate physical movement and ges-

tures to connect abstract Mathematics with 
bodily experience. Tactile or movement-based 

tasks make problem features more tangible 

and support memory retention. 
 

To effectively support students in solving various types of word problems (deceptive, digit-based, direction-oriented, logic, and sequence), 

instructional strategies should be aligned with their preferred learning styles: visual, auditory, and kinesthetic. Recent literature emphasizes 

the importance of differentiated, modality-based approaches to improve both engagement and achievement. 

For visual learners, strategies such as self-constructed visualizations, number lines, and virtual manipulatives paired with graphic organizers 

significantly enhance comprehension. These tools enable students to organize problem elements, identify spatial relationships, and visually 

track patterns—especially crucial in sequence and direction word problems. Almuwaiziri et al. (2023) found that children who created their 

own visuals during problem-solving performed better than those who relied solely on provided diagrams, suggesting that self-generation 

fosters deeper understanding. Similarly, Billman et al. (2023) reported that the use of virtual manipulatives and graphic organizers notably 

improved students’ independence and accuracy when solving proportion and multistep problems, which are often embedded in deceptive 

and digit tasks. 

Auditory learners benefit from think-aloud protocols and structured peer discussions, which foster verbal processing and collaborative 

reasoning. These strategies are particularly effective for logic, digit, and deceptive problems, where clear articulation of steps, clarification 

of misunderstandings, and listening to others' approaches can illuminate the underlying structure of complex problems. Nasution et al. 

(2022) demonstrated that verbalizing thought processes during problem-solving helped learners better understand mathematical reasoning 

by making cognitive steps explicit. Such approaches also promote metacognition, enabling students to monitor and adapt their strategies. 

For kinesthetic learners, incorporating embodied gestures, touch-tracing, and movement-based activities (such as walking number lines) 

enhances engagement and supports retention in problems involving direction, digit, and deceptive formats. These physical interactions 

with mathematical concepts create multisensory experiences that link abstract reasoning to concrete movement. Cosentino et al. (2023) 

showed that students who physically walked number lines developed greater fluency in integer operations, which are foundational in digit-

based problems. Furthermore, embodied learning research from Multidisciplinary Digital Publishing Institute (MDPI, 2023) and Re-

searchGate (2023) highlights how touch-tracing diagrams and gesture-based explanations improve spatial awareness and cognitive flexi-

bility—both essential in decoding misleading or complex word problems. 

In terms of instructional implications, these findings underscore the importance of personalizing teaching approaches. Teachers should 

embed visual tools regularly in lessons, facilitate verbal reasoning activities, and design kinesthetic tasks that make abstract concepts 

tangible. By adopting these evidence-based strategies, educators can better support diverse learners in developing the confidence and skills 

necessary to solve different types of word problems effectively. 

5. Conclusions and Recommendations 

On the aforementioned findings, the researcher draws the following conclusions: 

1. The freshman students expressed positive beliefs and attitudes toward Mathematics, which suggests strong agreement on the influenc-

ing factors and learning styles in Mathematics, and showed positive attitudes toward Mathematics.  
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2. The freshman students frequently used visual learning styles in Mathematics, sometimes used auditory learning styles, and to a mod-

erate extent used kinesthetic learning styles.  

3. The freshman students' performance in solving word problems was generally fair (57.97%) across most of the topics, such as logic 

puzzles, sequences or patterns, digit or number-related, and direction or distance-related, though their performance in deceptive prob-

lems is below average.  

4. The mediation analysis revealed that attitudes toward Mathematics and beliefs in Mathematics significantly influenced performance in 

solving word problems, with learning styles in Mathematics acting as a significant partial mediator for both, enhancing their direct and 

indirect effects.  

5. The evidence-based instructional strategies aligned with students’ preferred learning styles (visual, auditory, and kinesthetic) demon-

strated significant potential in enhancing students' engagement and performance in solving word problems involving deception, digits, 

direction, logic, and sequences. 
 

Based on the foregoing findings and conclusions, the researcher puts forward the following recommendations for consideration: 

1. Educational institutions should foster a positive mathematical environment through engaging teaching methods, real-life applications, 

and positive reinforcement; provide training programs that equip Mathematics teachers to understand and address freshman students’ 

attitudes and learning styles; and implement support programs like mentoring, peer tutoring, and confidence-building workshops to 

develop students’ positive attitudes and reduce Mathematics anxiety. 

2. Educators should incorporate evidence-based visual, auditory, and kinesthetic instructional strategies tailored to students’ preferred 

learning styles to cater to diverse learning preferences, enhance engagement, and improve the overall performance of freshman students 

in Mathematics in the Modern World, particularly in solving word problems involving deceptive digits, direction, logic, and sequences. 

3. Reflective exercises and continuous constructive feedback should be integrated into the curriculum to help freshman students identify 

their strengths, monitor their progress, and reinforce positive attitudes toward learning. 

4. Further studies are strongly encouraged to explore additional mediating factors like alternative learning styles, including reading/writ-

ing and multimodal approaches that may strengthen the relationship between students’ attitudes toward Mathematics and their perfor-

mance in solving word problems, enabling educator-researchers to design more targeted and inclusive strategies that support diverse 

learners in higher education. 
 

Scientific Insight and Implications. 

The students’ “fair” performance level (57.97%) indicates that while learning styles provide some explanatory value, they are not sufficient 

to account for the complexity of students’ mathematical achievement. This suggests that other cognitive and affective factors, such as 

metacognitive training, problem-solving strategies, and motivation, may play a significant role in improving performance outcomes. The 

data, therefore, underscores the need for instructional approaches that move beyond accommodating learning preferences to fostering 

deeper self-regulation, critical thinking, and reflective practices in Mathematics learning. 

From a scientific perspective, this insight emphasizes the multidimensional nature of learning and performance, aligning with contemporary 

frameworks in educational psychology that integrate cognition, affect, and metacognition. It implies that interventions focusing solely on 

learning styles may not yield significant improvements unless they are complemented by strategies that strengthen students’ awareness of 

their own thinking processes and capacity for adaptive learning. The moderate achievement level signals that more comprehensive educa-

tional models are necessary—ones that take into account the interplay of beliefs, attitudes, and metacognitive skills alongside instructional 

design. 

Looking ahead, future research should consider longitudinal designs to examine how shifts in students’ beliefs and attitudes toward Math-

ematics influence their performance across time. Such studies would provide valuable evidence on whether positive changes in mindset 

and emotional disposition lead to sustainable gains in problem-solving skills and overall achievement. Moreover, longitudinal data would 

allow educators and policymakers to design more targeted interventions, such as integrating growth mindset training, reflective practice 

exercises, or structured metacognitive instruction, thereby addressing the limitations highlighted by the current findings and ultimately 

fostering long-term academic success. 
 

Future Research Directions. 

This study should explore how scaling strategies, such as institution-wide faculty training programs, can be applied for future research to 

enhance the implementation of evidence-based teaching practices. Investigating the effectiveness of structured professional development 

initiatives aimed at equipping faculty with skills in differentiated instruction, metacognitive strategy training, and motivational scaffolding 

could provide valuable insights into how these interventions influence student learning outcomes. Large-scale studies across different 

campuses or academic units would also help determine the transferability and sustainability of such approaches. 

Another promising direction lies in addressing the current research gap by examining hybrid models that combine learning styles with self-

regulated learning frameworks. While learning styles may offer insights into students’ preferences, incorporating self-regulated learning 

emphasizes students’ ability to monitor, control, and adapt their learning strategies. Future studies should evaluate whether integrating 

these two perspectives produces synergistic effects, leading to improved problem-solving skills, deeper engagement, and higher achieve-

ment in Mathematics and related disciplines. 

Finally, longitudinal and experimental designs should be employed to test the impact of these hybrid and scaled interventions over time. 

Tracking changes in student performance, attitudes, and metacognitive awareness across multiple semesters or academic years would 

provide stronger evidence of causality and long-term benefits. This line of inquiry would not only bridge theoretical gaps but also generate 

actionable recommendations for policy and practice, ultimately guiding institutions in creating more holistic and effective models of teach-

ing and learning. 

References  

[1] Adu, K., & Duku, P. The impact of learning styles on students' performance in mathematics. Journal of Educational Psychology, 45(3), 223-239, 

2021. 

[2] Almuwaiziri, H., Almeqdadi, F., & Abdelrahman, M. The impact of student-generated visuals on solving mathematical word problems in elementary 
classrooms. Journal of Educational Psychology, 115(2), 345–359. https://doi.org/10.1037/edu0000754, 2023. 

[3] Asfar, AMIT., Asfar, AMIA., & Halamury, MF. “Teori Behaviorisme (Theory of Behaviorism),” ResearchGate. Retrieved August 27, 2022 from 
https://www.researchgate.net/profile/Amirfan-Asfar/publication/331233871_TEORI_BEHAVIORISME_Theory_of_Behavior-

ism/links/5c6da922a6fdcc404ec18291/TEORI-BEHAVIORISME-Theory-of-Behaviorism.pdf, 2019. 



International Journal of Basic and Applied Sciences 943 

 
[4] Azizah, R., Awi, A., Asyari, S., & Sima, R. Mathematics Problem-Solving Ability Based on Learning Style of Junior High School. Advances in 

Social Science, Education and Humanities Research. Volume 611, 2021. 

[5] Billman, A., Young, M. E., & Gersten, R. Using virtual manipulatives and graphic organizers to support students with mathematics difficulties. ERIC 

Institute of Education Sciences. https://eric.ed.gov/?id=ED629876, 2023. 

[6] Brown, A., & Green, T., Differentiated instruction for diverse learning styles in mathematics education. Springer, 2021. 
[7] Brown, M., & Green, T., Teaching problem-solving in mathematics: Strategies and best practices. Wiley, 2021. 

[8] Cosentino, C., Mulhall, M., & Collingwood, C. Walking number lines: Embodied learning strategies for improving arithmetic fluency. British Edu-

cational Research Journal, 49(1), 88–104. https://bera-journals.onlinelibrary.wiley.com/doi/full/10.1002/berj.3851, 2023. 
[9] Fleming, N. D., & Baume, D. Learning styles again: VARKing up the right tree! Educational Developments, 7(4), 4–7. Retrieved from 

https://www.seda.ac.uk/seda-publishing/educational-developments/past-issues-2000-onwards/educational-developments-issue-7-4-2006/, 2006. 
[10] Garii, B., & Okumu, L., Beliefs in mathematics education. In M. A. Peters (Ed.), Encyclopedia of Teacher Education. Springer. 

https://doi.org/10.1007/978-981-13-1179-6_281-1, 2020. 

[11] Goos, M., & Geiger, V., Mathematics education for the future: Practices and beliefs. Routledge, 2021. 
[12] Greenberg, D., Warrier, V., Allison, C., & Baron-Cohen, S. Testing the Empathizing-Systemizing theory of sex differences and the Extreme Male 

Brain theory of autism in half a million people. Proceedings of the National Academy of Sciences. 115. 1811032115. 10.1073/pnas.1811032115, 

2018. 
[13] Hannula, M. S., The emotional dimension of mathematics education: Attitudes, motivation, and beliefs. Springer, 2020. 

[14] Hidayatullah, A. & Csikos, C. Mathematics Related Belief System and Word Problem-Solving in the Indonesian Context. Research Article. EURA-

SIA Journal of Mathematics, Science and Technology Education. 18(4). Em2094. ISSN: 1305-8223. https://doi.org/10.29333/ejmste/11902, 2022. 
[15] Hidayatullah, S., & Csikos, C. Beliefs about mathematics: Their types and impact on learning. In P. Sullivan & Y. Li (Eds.), Research in Mathematics 

Education in the Digital Era (pp. 45-62). Springer. https://doi.org/10.1007/978-3-030-73165-4_3, 2022. 

[16] Hwang, H. & Son, J. The relationship between students’ attitudes toward mathematics and their mathematical problem-solving achievement. Journal 
of Educational Research, 114(3), 193-204, 2021. 

[17] Hwang, S. & Son, T. Students’ Attitude toward Mathematics and its Relationship with Mathematics Achievement. Journal of Education and e-

Learning Research. Vol. 8, No. 3, 272-280. E-ISSN: 2410-9991. P-ISSN: 2518-0169. DOI: 10.20448/journal.509.2021.83.272.280, 2021. 
[18] Jensen, S., & Blanchard, T. The role of collaborative learning in solving mathematical word problems. International Journal of Educational Research, 

119, Article 101567. https://doi.org/10.1016/j.ijer.2022.101567, 2022. 

[19] Johnson, K., & McCabe, M. Learning styles in mathematics education: A comprehensive guide. Routledge, 2021. 
[20] Kaur, G., & Bhaskaran, M. The impact of learning styles on conceptual understanding in mathematics. In M. C. Lopes & R. D. McLough-lin (Eds.), 

Proceedings of the international conference on educational psychology (pp. 210-225). Springer, 2020. 

[21] Ma, X., & Lee, C. Attitudes toward mathematics and their impact on intrinsic motivation. Educational Psychology Review, 33(4), 835-852. 
https://doi.org/10.1007/s10648-021-09502-2, 2021. 

[22] McKnight, M., & Hughes, J. Teaching problem-solving in mathematics: Methods and strategies. Sage Publications, 2020. 

[23] MDPI. Embodied cognition in mathematics education: A systematic review of gestures and learning outcomes. Education Sciences, 13(1), 112. 
https://www.mdpi.com/journal/education, 2023. 

[24] Mendoza, L., & Bautista, P. The impact of deceptive problems on college students’ mathematical reasoning. Journal of Mathematical Behavior, 64, 

Article 100927. https://doi.org/10.1016/j.jmathb.2023.100927, 2023. 
[25] Nasution, S. E., Asmin, A., & Lubis, A. Analysis of students' mathematical problem-solving ability and self-efficacy through application of the Think 

Aloud Pair Problem Solving (TAPPS) learning model for Al Manar Private Junior High School students. Journal of Education and Practice, 13(16), 

3–11. https://doi.org/10.7176/JEP/13-16-03, 2022. 
[26] National Research Council. How students learn: Mathematics in the classroom. National Academies Press, 2020. 

[27] Ng, A., & Lee, K. Understanding the cognitive processes in solving digit and number problems. Journal of Educational Psychology, 112(3), 495-

511. https://doi.org/10.1037/edu0000456, 2020. 
[28] Pashler, H., McDaniel, M., Rohrer, D., & Bjork, R. Learning styles: Concepts and evidence. Psychological Science in the Public Interest, 9(3), 105–

119. https://doi.org/10.1111/j.1539-6053.2009.01038.x, 2008. 

[29] Polya, G. How to solve it: A new aspect of mathematical method. Princeton University Press, 2020. 
[30] ResearchGate. Touch-tracing and gesture-based learning strategies in mathematics: Effects on student performance and retention. Inter-national 

Journal of STEM Education, 10, Article 58. https://www.researchgate.net/publication/373254987, 2023. 

[31] Rodriguez, M., & Kim, Y. Investigating the effectiveness of visual aids in solving word problems among college students. Mathematics Education 
Research Journal, 35(2), 289-310. https://doi.org/10.1007/s13394-023-00482-2, 2023. 

[32] Schoenfeld, A. H. Mathematical problem solving. Academic Press, 2021. 

[33] Schumacker, R. E., & Lomax, R. G. A beginner's guide to structural equation modeling (5th ed.). Routledge, 2021. 
[34] Shulman, L., & Williams, M. Learning styles and their impact on mathematics teaching. Journal of Educational Psychology, 112(4), 712-725. 

https://doi.org/10.1037/edu0000389, 2020. 

[35] Sun, R., Maat, S. M., & Zakaria, E. Fostering collaborative teaching practices in mathematics education. Routledge, 2023. 
[36] Takunyaci, M. The role of beliefs in mathematics learning and student development. Cambridge Scholars Publishing, 2021. 

[37] Thompson, A., & Wu, L. Exploring strategies for solving complex mathematical problems in higher education. Journal of Mathematical Thinking 

and Learning, 23(4), 455-478. https://doi.org/10.1080/10986065.2021.1887984, 2021. 
[38] Villanueva, C., & Cruz, R. Strategies for solving logic puzzles among college students. International Journal of Mathematical Education in Science 

and Technology, 51(5), 754-767. https://doi.org/10.1080/0020739X.2019.1641802, 2020. 

[39] White, D. Y., & Mitchell, J. Solving word problems: Theories and applications in education. Springer, 2020. 
[40] Wu, Y., & Li, L. Learning styles and mathematics achievement: A cross-cultural perspective. Springer, 2021.  

[41] Yilmaz, L. & Bas, F. An investigation of the variables affecting the problem-solving achievements of pre-service secondary school mathematics 
teachers. International Journal of Curriculum and Instruction 13(3): 2332- 2359, 2021.  


