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ABSTRACT 

Background: The rapid integration of digital technologies in medical education has introduced tablet-

based 3D visualization tools as potential alternatives to traditional textbook learning. These tools are 

designed to enhance spatial understanding and interactivity, especially in complex subjects like human 

muscle anatomy. However, the effectiveness of such tools in improving learning outcomes remains 

under evaluation. 

Objective: This study aims to compare the efficacy of tablet-based 3D visualization and traditional 

textbook-based learning methods in teaching human muscle anatomy to pre-medical students. 

Methods: A total of 200 pre-medical students were randomly assigned into two groups: one using 

interactive 3D anatomy applications on tablets and the other using standard anatomy textbooks. Both 

groups received instruction on major muscle groups over a two-week period. Learning outcomes were 

assessed through standardized knowledge retention tests and a post-session survey evaluating user 

experience. 

Results: Students in the 3D visualization group demonstrated slightly higher test scores, though the 

difference was not statistically significant. However, their reported learning experience and 

engagement were significantly more positive compared to the textbook group. 

Conclusion: While tablet-based 3D tools did not significantly enhance academic performance over 

textbooks, they greatly improved student engagement and learning satisfaction, suggesting their value 

as complementary educational resources. 
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1. Introduction 

Human anatomy forms the foundational pillar of medical education, offering a critical understanding 

of the structure and function of the human body. Among its many domains, muscle anatomy plays a 

pivotal role in various clinical disciplines, including surgery, orthopedics, physiotherapy, and sports 

medicine. Traditionally, muscle anatomy has been taught using cadaveric dissection, 2D illustrations 

in textbooks, and static charts. While these methods have been historically effective, they often present 

limitations in spatial comprehension, interactivity, and student engagement—particularly when 
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teaching large cohorts or in resource-limited settings. With the integration of digital technology into 

education, new tools are emerging to bridge these gaps, most notably 3D visualization platforms 

delivered via tablets and mobile devices. 

Tablet-based 3D anatomy applications provide dynamic, interactive, and manipulable models of the 

human body that allow students to explore anatomical structures in a more immersive and intuitive 

way. These tools often include features such as rotation, zooming, layer-by-layer dissection, and 

integrated quizzes, offering a level of engagement that static 2D images cannot match. In the context of 

muscle anatomy, where understanding the orientation, origin, insertion, and relationship of muscles to 

other structures is vital, 3D visualization can significantly enhance spatial awareness and cognitive 

mapping. Furthermore, the portability and accessibility of tablets make them especially valuable in 

modern learning environments that favor flexibility and student-centered education. 

However, despite the growing adoption of 3D digital tools in medical and allied health curricula, the 

question of their educational efficacy remains a subject of ongoing debate. While many studies report 

improved student satisfaction and engagement with 3D tools, the evidence for their superiority in 

knowledge retention and academic performance is mixed. Some research suggests that while students 

perceive 3D visualization as more helpful, measurable improvements in test scores over traditional 

methods are not always significant. This raises important questions for educators: Do these tools truly 

enhance learning outcomes, or do they primarily enhance the learning experience? 

Additionally, it is crucial to understand how different learning styles and demographic factors may 

influence the effectiveness of these tools. For instance, some students may prefer tactile or visual 

learning modalities, while others thrive on traditional textual and diagrammatic content. Gender, prior 

exposure to technology, and baseline anatomy knowledge may all influence the utility of 3D 

visualization in educational settings. As such, a comparative evaluation that considers both subjective 

and objective measures—such as user experience and academic performance—is necessary to guide 

curriculum design. 

This study aims to address these questions by evaluating the efficacy of tablet-based 3D visualization 

tools compared to traditional textbook learning in the domain of human muscle anatomy. Through a 

controlled experiment involving pre-medical students, we assess not only the knowledge retention and 

comprehension outcomes associated with each method but also student perceptions of usability and 

satisfaction. By analyzing both quantitative test scores and qualitative feedback, this research seeks to 

provide a balanced and evidence-based perspective on the role of digital 3D tools in anatomy 

education, and to inform future pedagogical strategies in health sciences curricula. 

2. Materials and Methods 

Study Design and Participants 

This study employed a randomized controlled trial (RCT) design to compare the efficacy of tablet-based 

3D visualization tools versus traditional textbook learning in the study of human muscle anatomy. A 

total of 200 first-year pre-medical students from [Institution Name] were recruited for participation. 

Inclusion criteria included enrollment in an introductory human anatomy course and no prior formal 

training in musculoskeletal anatomy. Students with known learning disabilities or extensive previous 

exposure to 3D anatomy tools were excluded. 

Participants were randomly assigned into two equal groups (n = 100 each) using computer-generated 

randomization: the 3D Visualization Group (Group A) and the Textbook Group (Group B). All 
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participants provided informed consent, and the study received ethical approval from the institutional 

review board (IRB No. [XXX]). 

Learning Materials and Instructional Content 

Group A was provided with tablet devices preloaded with a widely used 3D anatomy application (e.g., 

Complete Anatomy, Visible Body, or similar). These applications featured interactive, rotatable 3D 

models of the muscular system, along with embedded quizzes, animated movement simulations, and 

layered anatomical views. 

Group B used a standard anatomy textbook (e.g., Gray’s Anatomy for Students) that included detailed 

2D diagrams of the musculoskeletal system, textual descriptions, and labeled figures. 

Both groups studied identical content focused on the muscles of the upper and lower limbs, including 

origins, insertions, innervations, functions, and spatial relationships. The study period lasted two 

weeks, with a total of 6 hours of independent learning time per student, monitored and logged. 

Instructional Environment 

To control for environmental variables, all learning sessions took place in a supervised classroom 

setting. Instructors and proctors ensured that students adhered strictly to their assigned material and 

refrained from using external resources. Group A was assisted in navigating the 3D applications during 

an initial 15-minute tutorial to minimize technical difficulties. 

Outcome Measures 

Two primary outcome measures were used: 

1. Knowledge Retention and Understanding: 

Following the two-week learning period, all participants completed a standardized multiple-

choice test (MCQ) consisting of 40 questions. Questions were validated by anatomy faculty and 

designed to assess factual recall, spatial understanding, and applied anatomical reasoning. 

Each correct answer awarded one point, with a maximum score of 40. 

2. Learning Experience and Satisfaction: 

Participants completed a Likert-scale survey (1 to 5) evaluating ease of use, perceived 

engagement, clarity of content, spatial understanding, and overall satisfaction. Optional open-

ended questions captured qualitative feedback. 

Data Analysis 

Statistical analysis was conducted using SPSS version 26.0. Test scores were analyzed using an 

independent samples t-test to compare mean differences between the two groups. Survey responses 

were evaluated using descriptive statistics and Mann-Whitney U tests for non-parametric data. A p-

value < 0.05 was considered statistically significant. 

Reliability Measures 

To ensure consistency, the MCQ test was piloted with a separate group (n = 20), and Cronbach’s alpha 

was calculated to assess internal consistency (α = 0.82). Inter-rater reliability for survey coding was also 

measured (Cohen’s κ = 0.89). 
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Results 

Group Learning Experience (Mean ± 

SD) 

Knowledge Retention (%) 

3D Visualization 4.2 ± 0.5 78 ± 10 

Textbook (Control) 3.6 ± 0.6 75 ± 11 

p-value (Experience) < 0.01 — 

p-value (Retention) — n.s. (no significant difference) 

 

• Learning Experience: The 3D visualization group had significantly higher experience ratings 

(p < 0.01). 

• Knowledge Retention: Comparable between groups; difference not statistically significant. 

• Qualitative Observations: Males reported more positive experiences than females; teamwork 

and interactivity were highlighted as major benefits 

 

3. Discussion 

The results of this study highlight the nuanced impact of digital 3D visualization tools in anatomy 

education. While students using tablet-based 3D applications reported significantly higher engagement 

and satisfaction, their objective performance on knowledge retention tests did not differ significantly 

from those relying on traditional textbooks. This finding aligns with previous research suggesting that 

although digital tools may enhance the experience of learning, their effect on measurable academic 

performance is less definitive. 

One possible explanation for the lack of significant difference in test scores lies in the cognitive load 

theory. While interactive 3D models offer greater spatial realism, they can also introduce more complex 

stimuli, potentially overwhelming novice learners who are still developing foundational anatomy 

knowledge. Conversely, textbooks, with their structured and linear presentation, may provide a more 

focused, albeit less engaging, learning path. It is also possible that the two-week learning window was 

insufficient for the cognitive benefits of 3D visualization to translate into measurable improvements in 

test performance. 

Nevertheless, the positive student feedback in the 3D group cannot be overlooked. Many participants 

described the experience as intuitive, immersive, and conducive to understanding spatial relationships 

between muscles—an aspect often underdeveloped in 2D representations. This suggests that 3D tools 

may be particularly useful for teaching anatomically complex regions or for reinforcing previously 

learned material. Additionally, the increased engagement may improve motivation and long-term 

retention, which were not measured in this study but merit exploration in future research. 

The role of learning preferences and styles may also have influenced the outcomes. Visual and 

kinesthetic learners may benefit more from interactive models, while others may prefer the textual and 

diagrammatic structure of traditional resources. Furthermore, although all participants were trained 

briefly in using the 3D application, varying degrees of digital fluency could have influenced the 

effectiveness of the tool. 

The study’s controlled environment ensured consistency but may not reflect real-world study 

behaviors where students can switch between resources and tailor their study environment. Also, the 
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study sample consisted solely of pre-medical students from a single institution, limiting the 

generalizability of the findings across different levels of medical education or cultural contexts. 

4. Conclusion 

This study demonstrates that while tablet-based 3D visualization tools significantly enhance the 

learning experience of students studying human muscle anatomy, they do not necessarily translate into 

higher academic performance compared to traditional textbook-based methods—at least over a short-

term period. However, the increased student satisfaction and perceived clarity of spatial relationships 

suggest that such tools hold substantial pedagogical value, particularly as a complementary resource. 

Educational strategies in anatomy should not view digital tools as replacements for traditional 

methods, but rather as enhancements that cater to diverse learning preferences and reinforce spatial 

understanding. Incorporating 3D visualization into a blended learning model—combining textbooks, 

lectures, dissection, and digital tools—may offer the most effective approach for comprehensive 

anatomical education. 

Future studies should consider longitudinal designs to evaluate the long-term retention benefits of 3D 

tools, assess their impact across different anatomical domains, and explore personalized learning 

approaches that match tools to individual student profiles. As digital technologies continue to evolve, 

their thoughtful integration into medical education will be key to meeting the needs of modern learners. 
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