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Abstract: 

Tactile learning has emerged as a promising instructional approach to improving primary students’ 

mathematical understanding by effectively bridging the gap between abstract concepts and concrete 

experiences. Grounded in constructivist and experiential learning theories, this study synthesizes 

contemporary evidence demonstrating that tactile strategies, including the use of manipulatives and 

hands-on activities, significantly enhance conceptual comprehension, engagement, and memory retention 

among young learners. The literature consistently highlights that when students physically interact with 

materials, they develop deeper and more accurate understandings of mathematical principles, particularly 

in areas such as fractions, measurement, and problem-solving. Moreover, tactile learning has been shown 

to foster positive attitudes toward mathematics and increase motivation, which are critical factors in 

sustaining long-term achievement. Despite these demonstrated benefits, important gaps persist in the 

field. Research to date has been limited by a scarcity of longitudinal studies examining the durability of 

learning gains, a lack of comparative analyses evaluating tactile learning against other instructional 

methods, and inconsistent levels of teacher preparedness and access to adequate resources. These 

limitations constrain the ability of educators and policymakers to draw definitive conclusions about the 

scalability and generalizability of tactile approaches across diverse learning environments. This review 

underscores the pressing need for more rigorous, contextually grounded investigations into the long-term 

effects and practical implementation of tactile learning strategies. The findings support integrating tactile 

methods into primary mathematics instruction to create more equitable, engaging, and effective 

educational experiences that empower all learners to achieve mathematical proficiency. 
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INTRODUCTION 

Despite growing interest in hands-on learning approaches, several research gaps persist 

regarding the effectiveness of tactile learning in enhancing mathematics skills. Notably, there is 

limited empirical evidence assessing its impact across various grade levels and developmental 

stages. While early elementary interventions have demonstrated promising outcomes, studies 

seldom explore whether similar benefits extend to older students who grapple with more abstract 

mathematical concepts (Anderson & Lee, 2025). Furthermore, most existing research has 

focused on short-term improvements in performance, leaving uncertainty about whether gains 

achieved through tactile strategies are sustained over time or transferred to other problem-solving 

contexts (Mendoza, 2025). Another critical gap lies in the scarcity of studies situated in diverse 

learning environments; much of the literature emerges from well-resourced schools, restricting 

the generalizability of findings to under-resourced classrooms or culturally and linguistically 

diverse populations (Rodriguez & Patel, 2025). Additionally, there is a lack of rigorous 

comparative studies contrasting tactile learning with other instructional methods such as visual 

learning, peer collaboration, or digital manipulatives to determine its unique contributions (Chen, 

2025). 

 

Research has also largely overlooked the role of teacher preparedness and the practical 

challenges educators face when integrating tactile materials into mathematics instruction. Many 

studies presume that teachers possess the skills, confidence, and resources to implement these 

approaches effectively, without adequately examining their professional development needs or 

the barriers to consistent adoption (Lopez & Santos, 2025). Compounding these limitations, 

assessment tools capable of measuring the specific cognitive and affective outcomes associated 

with tactile learning remain underdeveloped, making it difficult to capture nuanced changes in 

spatial reasoning, engagement, or mathematical confidence (Nguyen, 2025). Finally, while 

engagement and motivation are frequently cited as advantages of hands-on learning, minimal 

qualitative research has investigated learners’ perspectives on how tactile experiences influence 

their attitudes, self-efficacy, and sustained interest in mathematics (Brooks, 2025). Collectively, 

these gaps highlight the need for more comprehensive, contextually grounded, and 

methodologically rigorous investigations to clarify the potential and limitations of tactile 

learning as a strategy for enhancing mathematics achievement. 

 

A recent article by MAGRID (2024) explains that the tactile sense involves the 

experience of touch and direct physical interaction. When children engage with manipulatives or 

tangible objects, their sense of touch is activated, which helps them form concrete 

understandings of abstract mathematical concepts. For instance, representing numbers and 

operations with items such as counters or blocks can make math feel more accessible and hands-

on for young learners. This instructional method, often called tactile or kinesthetic learning, 

emphasizes the importance of physical manipulation and active engagement in acquiring 

knowledge. Anderson (2024) notes that tactile learning is a vital element of effective education, 
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as it can enhance both understanding and memory retention across various settings, including 

classrooms, workshops, and home environments. Through tactile learning, students explore and 

internalize concepts by physically interacting with materials, making this approach especially 

beneficial for learners who thrive on active participation and hands-on experiences. 

 

In the same context, tactile learning offers several notable benefits in enhancing primary 

graders’ understanding of fractions. One key advantage is improved conceptual understanding. 

By engaging with concrete manipulatives such as fraction bars, fraction circles, or Montessori 

didactic materials, students can physically explore and visualize fractions as parts of a whole. 

This hands-on experience makes it easier for young learners to comprehend foundational ideas 

such as division, comparison, and proportional relationships (Rosalin & Tatang, 2024). The 

ability to manipulate objects helps demystify abstract concepts, providing a solid basis for future 

mathematical learning. 

 

Additionally, tactile learning increases engagement and motivation. When children are 

encouraged to interact actively with materials, they often find mathematics more enjoyable and 

less intimidating. This heightened sense of involvement can foster a more positive attitude 

toward learning fractions (Rosalin & Tatang, 2024). Another important benefit is the stronger 

connection established between abstract symbols and concrete experiences. Manipulatives bridge 

the gap between numerical notation and real-world representations, enabling learners to integrate 

visual, tactile, and kinesthetic cues. This multidimensional approach supports deeper 

comprehension and helps students transition more confidently to abstract mathematical thinking 

(McMahon, 2025). 

 

Tactile activities also contribute to better memory retention and the development of fine 

motor skills. Engaging multiple senses during instruction not only reinforces understanding but 

also improves the likelihood that students will recall fraction concepts over time (Koontz, 2024). 

Moreover, manipulating small objects enhances coordination and dexterity, which are essential 

skills in early education. Finally, tactile learning provides meaningful support for diverse 

learners. It accommodates a range of learning styles and is particularly beneficial for children 

who struggle with conventional visual or auditory instruction. The use of virtual manipulatives 

further expands accessibility by reducing barriers related to motor difficulties (Rich, 2023). 

 

According to Edgar Dale, a leading figure in education, individuals tend to retain 

approximately 10% of what they read, 20% of what they hear, and 30% of what they see. In 

contrast, retention rates can reach as high as 90% when learning involves direct action or 

simulation (Cambridge, 2024). Tactile or kinesthetic learning activities require more active 

cognitive processing, which contributes to deeper and more lasting memories. Supporting this 

perspective, the National Training Laboratories' Learning Pyramid suggests that students 

remember up to 75% of the material they encounter through hands-on experiences, compared to 

only 5% retention from traditional lectures (Koontz, 2024). These findings highlight the 
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substantial potential of tactile learning for promoting meaningful engagement and improved 

recall. 

 

Despite this promise, significant research gaps remain concerning the application of 

tactile learning in primary mathematics education. There is still insufficient robust evidence 

demonstrating how effectively tactile approaches improve students’ mathematical achievement 

across diverse educational settings. Although tactile learning is widely recognized for enabling 

learners to acquire knowledge through active participation, few studies have systematically 

measured its impact across different schools and contexts. Additionally, comparative analyses 

between tactile methods and other instructional approaches, such as visual or auditory learning, 

are limited, leaving questions about which strategies are most effective for specific mathematical 

skills. Another important gap involves understanding the long-term influence of tactile learning 

on students’ problem-solving abilities and conceptual development. 

 

Further challenges include variability in teachers’ readiness to implement tactile learning 

practices. Many educators may not have adequate training or confidence to integrate hands-on 

methods effectively, while some schools may lack the necessary resources and materials to 

support such instruction. To advance the field, more targeted research is essential to examine 

these issues and generate evidence-based recommendations for classroom practice. Innovative 

approaches such as structured hands-on experiments, interactive manipulatives, and technology 

that monitors student engagement could offer valuable insights. By addressing these challenges 

and gaps, educators and researchers can design more effective tactile learning tools and strategies 

that enhance mathematics learning for primary students and empower teachers to use them 

successfully. 

 

Existing studies on tactile learning in primary mathematics highlight those multiple 

stakeholders benefit from this instructional approach. Primary school learners are the most direct 

beneficiaries, as hands-on, concrete experiences help them engage more fully with mathematical 

content and develop stronger problem-solving skills. By manipulating tangible materials, young 

students are better able to understand abstract concepts such as fractions, measurement, and 

number relationships, ultimately fostering deeper comprehension and retention. 

 

Teachers also derive significant advantages from tactile learning research. Access to 

evidence-based strategies and practical guidance empowers educators to integrate manipulatives 

and interactive activities into their lessons more confidently. This not only contributes to 

improved student outcomes but also creates more dynamic and responsive classroom 

environments. 

 

Educational policymakers and curriculum developers similarly benefit by leveraging 

research findings to design and advocate for curricula that embed tactile learning approaches. 

Such integration supports diverse learning styles and ensures that instruction is inclusive and 
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adaptable to a wide range of student needs. Parents, while not directly involved in classroom 

instruction, experience indirect benefits as well. As children build stronger foundational math 

skills and gain confidence, their overall academic performance and attitudes toward learning 

often improve, which can have positive effects beyond mathematics. 

 

Finally, researchers themselves gain valuable insights by identifying gaps and priorities 

for further investigation. Continued study of tactile learning contributes to the refinement of 

teaching methods, the development of innovative educational tools, and the advancement of 

pedagogical knowledge tailored to kinesthetic learners. Collectively, these benefits illustrate the 

broad relevance and potential impact of tactile learning research within the primary education 

landscape. 

 

REVIEW OF RELATED LITERATURE 

Several theoretical frameworks provide a strong foundation for understanding tactile 

learning, emphasizing the connections among motor development, cognitive processes, and 

academic achievement. Among these perspectives, Constructivism and Experiential Learning 

Theory are particularly influential in shaping contemporary approaches to hands-on education. 

 

John Dewey’s Pragmatic Constructivism offers a central theoretical underpinning for 

tactile learning. Dewey argued that knowledge is best constructed through active participation 

and firsthand experience rather than passive memorization. According to Dewey, learning 

involves a dynamic process of ―transaction,‖ wherein learners engage in purposeful action and 

subsequently observe and reflect on the outcomes of their efforts (The Education Hub, 2021). 

This cyclical pattern of doing and reflecting is fundamental to tactile learning, as it positions 

physical interaction with materials as a key mechanism for developing understanding. 

 

Dewey further asserted that education should be learner-centered, conceptualizing the 

classroom as a laboratory where students experiment, investigate, and engage directly with their 

environment to solve authentic problems (Cole, 2023). This perspective aligns with the 

principles of tactile learning, which encourage students to build knowledge through sensory and 

motor experiences. For instance, manipulating concrete objects during mathematics or science 

lessons helps learners internalize abstract ideas in more meaningful and memorable ways. 

 

His theory of continuity and interaction highlights how prior experiences shape new 

learning. In this view, tactile engagement generates positive, relevant experiences that promote 

self-confidence and sustained motivation (Bryant, 2023). Dewey also emphasized the social 

dimension of learning, suggesting that tactile activities often foster collaboration, discussion, and 

shared problem-solving, which enrich the learning process further. 

 

In contemporary educational contexts, Dewey’s framework has been extended to 

encompass digital environments. For example, educators are increasingly integrating virtual 
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manipulatives and interactive technologies to simulate hands-on experiences, ensuring that active 

learning principles remain central even in remote or hybrid classrooms (Main, 2023). Overall, 

Pragmatic Constructivism positions tactile learning as an experiential, reflective, and socially 

mediated process that is essential for cultivating deep understanding and transferable skills. 

 

Constructivist theory provides an essential foundation for understanding how tactile 

learning supports mathematical development, particularly in learning fractions. Constructivism 

posits that learners actively build knowledge by interacting with materials and engaging with 

ideas, integrating new information into existing mental frameworks or adapting these 

frameworks to accommodate novel experiences. This process is especially relevant in the context 

of fractions, where students must reconcile their understanding of whole numbers with the more 

complex concepts of rational numbers (McLeod, 2025). Constructivist instructional approaches 

encourage exploration, problem-solving, and reflection, which are effective strategies for 

addressing common misconceptions and conceptual challenges that arise in fraction learning. 

 

Complementing this perspective, Kolb’s Experiential Learning Theory offers a detailed 

model describing how learning unfolds as a continuous cycle of four stages: concrete experience, 

reflective observation, abstract conceptualization, and active experimentation. Kolb emphasizes 

that concrete experience—characterized by direct, hands-on participation and engagement with 

materials—serves as the critical entry point for meaningful learning. Tactile learning aligns 

closely with this framework, as it provides students with vivid, practical experiences through 

physical manipulation and active involvement in tasks. These experiences not only make abstract 

mathematical ideas more tangible but also create opportunities for learners to reflect, 

conceptualize, and apply their understanding in varied contexts. 

 

Engaging in tactile activities supports the retention of knowledge and facilitates the 

development of deeper conceptual understanding by guiding learners through all stages of the 

experiential learning cycle. As students handle manipulatives, reflect on their interactions, and 

relate their observations to broader mathematical principles, they are better equipped to transfer 

their learning to new problems and real-world situations. Kolb’s model underscores the 

importance of integrating concrete, hands-on experiences into instructional design to foster 

lasting comprehension and skill development. 

 

Kolb’s Experiential Learning Theory further affirms the value of tactile learning as a 

powerful pedagogical approach that transforms direct, hands-on experiences into meaningful 

knowledge through cycles of active engagement and reflection. According to Kolb, effective 

learning progresses through four interrelated stages that directly support tactile learning in 

primary mathematics instruction (Cloke, 2025). 

 

The first stage, Concrete Experience (CE), involves learners actively engaging in hands-

on tasks or direct interactions with materials. In a mathematics context, this might include 
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physically manipulating objects such as counters, fraction tiles, or measuring tools to explore and 

internalize key concepts. These concrete experiences make learning more vivid, memorable, and 

accessible, particularly for young students who benefit from tangible representations of abstract 

ideas. 

 

Following this stage, Reflective Observation (RO) requires learners to consider and 

analyze their experiences. Through reflection, students begin to make sense of what they 

observed and did, identifying patterns, clarifying misunderstandings, and connecting their 

actions to broader concepts. This reflective process is essential for transforming activity into 

structured understanding. 

 

Next, during Abstract Conceptualization (AC), learners develop new ideas or adapt 

existing mental models based on their reflections. In tactile learning, this means converting 

hands-on experiences into general mathematical principles or frameworks that can be applied 

beyond the initial activity. This stage bridges the gap between experiential learning and formal 

knowledge. 

 

Finally, Active Experimentation (AE) encourages learners to apply their new insights in 

different contexts. Students test their understanding by solving new problems, experimenting 

with alternative strategies, or engaging in further exploration. This application not only 

reinforces comprehension but also fosters adaptability and confidence in using mathematical 

knowledge. 

 

Together, these four stages form a continuous, dynamic cycle in which tactile experiences 

lead to reflection, conceptual development, and practical application. This process underscores 

that tactile learning is not solely about physical activity but also about engaging deeply in 

thinking, synthesizing, and actively applying knowledge to real-world situations (Cloke, 2025). 

Kolb’s framework thus provides a compelling theoretical basis for integrating tactile strategies 

into primary mathematics instruction to promote lasting understanding and skill development. 

 

DISCUSSIONS 

Tactile learning, often referred to as kinesthetic or hands-on learning, has gained 

considerable attention as an instructional strategy that emphasizes active engagement with 

physical materials to support conceptual understanding in mathematics. Over the past two 

decades, research has increasingly demonstrated that tactile approaches can foster deeper 

comprehension of mathematical concepts by linking abstract ideas to concrete experiences 

(Anderson & Lee, 2025). This alignment is grounded in Piaget’s (1952) theory of cognitive 

development, which suggests that children construct knowledge actively through manipulating 

their environment. In the mathematics classroom, manipulatives such as base-ten blocks, fraction 

tiles, and geometric solids have been widely used to help learners visualize and internalize 

numerical relationships (Mendoza, 2025). 
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Several empirical studies have documented the benefits of tactile learning on student 

achievement and engagement. For example, Nguyen (2025) found that primary school students 

who participated in regular hands-on activities demonstrated significantly higher gains in 

problem-solving and spatial reasoning compared to peers who received traditional lecture-based 

instruction. Similarly, Chen (2025) reported that tactile learning interventions improved learners’ 

attitudes towards mathematics, reducing anxiety and promoting positive dispositions. These 

findings are consistent with Vygotsky’s (1978) sociocultural theory, which emphasizes the role 

of social interaction and guided participation in the development of higher-order thinking skills. 

Despite this evidence, scholars have noted that the efficacy of tactile learning is 

influenced by several contextual and instructional factors. Brooks (2025) highlighted that the 

impact of hands-on strategies is moderated by the extent to which teachers are trained to 

integrate tactile materials meaningfully into lessons. Teachers’ beliefs, confidence, and 

preparedness can either enhance or undermine the benefits of these approaches (Lopez & Santos, 

2025). Moreover, Mendoza (2025) observed that while short-term gains are frequently reported, 

few studies have examined the sustainability of these improvements over extended periods or 

their transferability to more abstract mathematical tasks. 

Equity and access are additional considerations in the literature. Rodriguez and Patel 

(2025) argued that much of the existing research has been conducted in well-resourced 

educational settings, leaving a gap in understanding how tactile learning functions in 

underfunded schools or among learners with diverse linguistic and cultural backgrounds. 

Furthermore, the availability of manipulatives and teacher support may differ significantly across 

educational contexts, potentially exacerbating achievement gaps rather than closing them if 

implementation challenges are not addressed. 

Assessment practices also remain a critical area for development. Nguyen (2025) noted 

that conventional testing methods often fail to capture the nuanced learning processes and 

outcomes associated with tactile experiences. The need for robust, multidimensional assessment 

tools that can evaluate not only cognitive gains but also changes in motivation, confidence, and 

engagement has been widely recognized. 

Collectively, these studies underscore both the promise and the complexity of 

incorporating tactile learning into mathematics education. While the evidence suggests that 

hands-on strategies can be a powerful catalyst for enhancing conceptual understanding and 

student motivation, further research is needed to explore their long-term impact, effectiveness 

across diverse contexts, and integration with other evidence-based instructional practices. 

Addressing these gaps can help educators make informed decisions about how to harness tactile 

learning to support all students in achieving mathematical proficiency. 

A growing body of research underscores the considerable significance of tactile learning 

in enhancing primary students’ mathematical understanding, engagement, and confidence. Meta-

analytic findings indicate that tactile learning is associated with moderate to strong effect sizes in 

improving conceptual comprehension, particularly in foundational domains such as fractions, 

measurement, and spatial reasoning (Mendoza, 2025; Rosalin & Tatang, 2024). By providing 

learners with opportunities to manipulate concrete materials, tactile instruction bridges the gap 
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between abstract symbols and real-world representations, thereby fostering more durable 

knowledge structures (McLeod, 2025). This approach is especially critical in early mathematics, 

where misconceptions are common and can persist without targeted, multisensory interventions. 

 

The implications of these findings for educational practice are far-reaching. First, 

incorporating tactile learning into daily instruction aligns with constructivist and experiential 

theories of learning, which emphasize that knowledge emerges from active engagement and 

reflection rather than passive reception (Dewey, as cited in Cole, 2023; Kolb, 1984; Cloke, 

2025). This alignment suggests that tactile strategies are not merely supplementary tools but 

essential components of developmentally appropriate mathematics education. Second, research 

demonstrates that tactile methods promote higher levels of learner motivation and engagement, 

which are strong predictors of long-term achievement and positive attitudes toward mathematics 

(Nguyen, 2025; Brooks, 2025). Students who experience success through hands-on exploration 

often exhibit increased self-efficacy, persistence, and willingness to tackle complex problems, 

thereby reinforcing a cycle of success. 

 

Beyond individual outcomes, tactile learning has broader implications for equity and 

inclusion. Studies indicate that kinesthetic approaches can help mitigate disparities in learning 

outcomes by offering alternative pathways to understanding for students who struggle with 

traditional visual or auditory instruction (Rich, 2023). In diverse classrooms, manipulatives can 

level the playing field by enabling all learners, including those with language barriers or special 

educational needs, to access mathematical concepts through shared, concrete experiences. This 

potential for inclusivity supports policy recommendations to integrate tactile and multimodal 

strategies into mainstream curricula as a means of addressing systemic achievement gaps 

(Rodriguez & Patel, 2025). 

 

The impact of tactile learning also extends to teachers and instructional design. 

Professional development programs that equip educators with strategies for effectively 

incorporating manipulatives have been shown to increase instructional confidence and the 

quality of math teaching overall (Lopez & Santos, 2025). When teachers feel prepared to 

implement tactile methods, classrooms become more interactive and responsive to learners’ 

needs, further amplifying the positive effects documented in research. Moreover, as digital 

technologies evolve, virtual manipulatives and simulation tools are increasingly recognized as 

valuable complements to traditional hands-on materials, enabling continuity of tactile 

experiences in remote or blended learning environments (Main, 2023). 

 

Collectively, the evidence suggests that tactile learning constitutes a powerful, evidence-

based approach to mathematics education with significant positive effects on comprehension, 

engagement, and equity. Future research should continue to explore the long-term outcomes of 

tactile instruction, including its role in supporting higher-order problem-solving skills and its 

scalability across diverse educational contexts. By addressing remaining gaps and investing in 
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implementation support, educators and policymakers can leverage tactile learning to transform 

primary mathematics instruction and better prepare students for the demands of a complex, 

numerate world. 

 

  The literature consistently shows that tactile learning improves conceptual understanding 

in mathematics by allowing learners to manipulate materials that represent abstract ideas, such as 

fractions and measurements. Studies report increased engagement and motivation, as hands-on 

experiences make learning more interactive and less intimidating. Tactile approaches also 

support diverse learners, including those with language barriers and special needs. Research 

highlights improved retention and confidence, with students demonstrating better problem-

solving skills after engaging with manipulatives. Nonetheless, evidence points to several 

challenges: many teachers lack training to implement tactile strategies effectively, schools may 

lack sufficient resources, and few studies assess the long-term impact of these methods. 

 

CONCLUSIONS 

  The synthesis of current research affirms that tactile learning is a highly effective strategy 

for enhancing mathematical achievement in primary education. By aligning with constructivist 

and experiential frameworks, tactile approaches help students internalize complex concepts and 

build positive attitudes toward mathematics. However, the impact of tactile learning is influenced 

by contextual factors such as teacher preparedness, resource availability, and instructional 

design. Despite strong evidence of short-term benefits, there is a need to establish whether these 

gains translate into sustained achievement and transferable problem-solving abilities across 

contexts. 

 

RECOMMENDATIONS 

Based on these findings, the following recommendations are proposed: 

1. Professional Development: Schools should provide structured training for teachers on effectively 

integrating tactile learning strategies, including the use of both physical and virtual 

manipulatives. 

2. Curriculum Integration: Educational policymakers and curriculum designers should embed 

tactile approaches within primary mathematics curricula to support diverse learning needs and 

styles. 

3. Resource Allocation: School administrators should invest in acquiring quality manipulatives and 

technology to ensure equitable access for all students. 

4. Further Research: Future studies should employ longitudinal designs to examine the long-term 

effects of tactile learning and compare its impact with other instructional strategies. 

5. Assessment Tools: Researchers should develop and validate assessment instruments that capture 

cognitive, affective, and behavioral outcomes of tactile learning interventions. 
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