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Abstract 

Background: Traditional anatomy education has long relied on textbooks, two-dimensional 

atlases, and cadaveric dissection as its principal pedagogical tools. The introduction of three-

dimensional (3D) visualization technologies, including stereoscopic anatomical software, 

augmented reality (AR), and virtual reality (VR) modules, has reshaped the educational landscape 

and offered novel ways for medical students to perceive complex spatial relationships. Aim: The 

present study aimed to evaluate the impact of 3D visualization technology on the cognitive, 

practical, and affective learning outcomes of first-year medical students in human anatomy and to 

compare it with conventional teaching methods. Materials and Methods: A prospective, quasi-

experimental study was conducted in the South India, between August 2013 and February 2014. 

One hundred and twenty (n=120) first-year MBBS students were randomly assigned to two groups: 

the 3D visualization group (n=60), which received instruction using a commercial 3D anatomy 

platform, and the conventional group (n=60), which used standard didactic lectures, atlases, and 

cadaveric demonstrations. Three regional anatomy modules — head and neck, thorax, and pelvis 

— were taught over 12 weeks. Outcomes were evaluated using pre-test, immediate post-test, 

delayed post-test (after four weeks), an Objective Structured Practical Examination (OSPE), and 

a structured perception questionnaire. Results: Both groups had comparable baseline pre-test 

scores (p=0.792). The 3D visualization group performed significantly better than the conventional 

group in the immediate post-test (78.4 ± 7.1 vs 69.2 ± 8.4, p<0.001), delayed post-test (72.3 ± 6.8 

vs 60.5 ± 7.6, p<0.001), and OSPE practical examination (32.6 ± 3.4 vs 27.8 ± 3.9, p<0.001). More 

than 75% of students in the 3D group reported that the technology improved their understanding 
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and increased motivation. Conclusion: Three-dimensional visualization technology significantly 

enhances knowledge acquisition, retention, practical performance, and learner engagement in 

anatomy education and is most effective when used as a supplement to traditional cadaveric 

dissection rather than as a replacement. 
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1. Introduction 

Human anatomy is the foundational discipline of medical education, providing the structural 

framework upon which clinical reasoning is built [1,2]. For centuries, the cornerstone of anatomy 

teaching has been cadaveric dissection, supplemented by didactic lectures and two-dimensional 

(2D) atlases [3]. However, the rapid expansion of medical curricula, the contraction of anatomy 

teaching hours, and the rising cost and ethical complexity of cadaver acquisition have generated 

pressure to adopt complementary teaching modalities [4,5]. 

Three-dimensional (3D) visualization technologies — including interactive 3D anatomy software, 

virtual reality (VR) headsets, augmented reality (AR) tablets, and 3D printed models — have 

emerged as compelling adjuncts to conventional anatomy pedagogy [6,7]. These tools allow 

learners to rotate, zoom, dissect, and reassemble anatomical structures in real time, fostering an 

intuitive understanding of spatial relationships that is otherwise difficult to convey through static 

images [8]. Educational research suggests that 3D visualisation engages multiple sensory channels 

and may especially benefit learners who score highly on visual–spatial intelligence [9,10]. 

Despite their growing popularity, the educational efficacy of 3D visualization tools has yielded 

mixed evidence. Several investigators have reported significant gains in factual knowledge and 

spatial reasoning when 3D modalities are introduced [11,12], while others have raised concerns 

regarding cognitive overload, technology cost, and the loss of irreplaceable tactile experiences 

provided by cadaveric dissection [13,14]. Moreover, most published evidence emanates from 

Western institutions, with limited data from the Indian medical education setting, where the 

integration of educational technology faces unique infrastructural and cultural considerations 

[15,16]. 
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Against this backdrop, the present study was designed to assess, in a controlled and prospective 

manner, the impact of a 3D visualization platform on the immediate and delayed cognitive 

outcomes, practical skill acquisition, and learner perception of first-year medical students 

undergoing anatomy training in a leading South Indian deemed university. 

 
 

2. Materials and Methods 

2.1 Study Design and Setting 

This prospective, quasi-experimental, two-arm parallel group educational study was conducted in 

the South India, over a period of seven months from August 2013 and February 2014. 

2.2 Participants and Sampling 

A total of 250 first-year MBBS students of the August 2013 and February 2014 academic batch 

were invited to participate. After excluding students with prior exposure to formal anatomy 

training (n=12), absentees during the orientation week (n=8), and those who declined consent 

(n=15), the remaining eligible students were randomised to two equal groups (n=60 each) using a 

computer-generated block randomisation method. Allocation was concealed using sequentially 

numbered, opaque, sealed envelopes. Demographic and baseline characteristics are summarised in 

Table 1. 

Table 1. Baseline Demographic and Academic Characteristics of Participants 
 

Variable 3D Group (n=60) Conventional Group (n=60) 

Male, n (%) 32 (53.3) 31 (51.7) 

Female, n (%) 28 (46.7) 29 (48.3) 

Mean Age (years) 18.6 ± 0.9 18.7 ± 1.0 

Pre-test Score (Mean ± SD) 42.1 ± 6.2 41.8 ± 5.9 

Prior Anatomy Exposure Nil Nil 

 

2.3 Intervention 

Three regional modules — head and neck, thorax, and pelvis — were selected for the study because 

of their three-dimensional complexity and traditional difficulty for first-year learners [17]. Each 

module spanned four weeks of structured teaching. The conventional group received instruction 

through didactic lectures (using PowerPoint and 2D atlases), standard cadaveric demonstrations, 

and prosected specimens. The 3D group attended the same lectures and dissection sessions but 

additionally engaged in two weekly 60-minute sessions using a licensed 3D anatomy platform 
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(Complete Anatomy 2024, 3D4Medical) projected on a 75-inch interactive panel and viewed 

individually on tablet devices issued for the study. 

Both groups had identical contact hours, identical faculty, and identical learning objectives, 

ensuring methodological equivalence except for the visualisation modality. Faculty teaching the 

modules underwent a standardised orientation workshop on the 3D platform to minimise teacher 

effects. 

2.4 Outcome Measures 

Three categories of outcomes were assessed. The cognitive domain was tested using a 100-mark 

multiple-choice question (MCQ) paper administered as a pre-test (before module commencement), 

an immediate post-test (at the end of each module), and a delayed post-test (four weeks after 

module completion) to evaluate retention. The psychomotor (practical) domain was evaluated 

using a structured Objective Structured Practical Examination (OSPE) consisting of ten stations 

covering identification, orientation, and clinical correlation, scored out of 40 marks. A 30-mark 

spatial reasoning test based on cross-sectional and clinical imaging interpretation was also 

administered. The affective domain was evaluated using a validated 12-item Likert-type 

perception questionnaire administered to the 3D group only [18]. 

2.5 Statistical Analysis 

The data were analysed using IBM SPSS Statistics version 26.0. Continuous variables were 

expressed as mean ± SD and compared between the two groups using the unpaired Student's t-test. 

Within-group comparison across pre-test, immediate post-test, and delayed post-test was 

performed using repeated measures ANOVA with Bonferroni post-hoc correction. Categorical 

perception variables were compared using the chi-square test. A two-tailed p-value of less than 

0.05 was considered statistically significant. 

 

3. Results 

Out of 120 enrolled students, 119 completed the entire study (one participant withdrew due to 

relocation). Both groups were demographically comparable, and the pre-test scores were 

statistically equivalent (p=0.792). Following the intervention, the 3D visualization group 

demonstrated statistically and educationally meaningful gains across all assessed domains. 
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The mean immediate post-test score in the 3D group (78.4 ± 7.1) was significantly higher than that 

in the conventional group (69.2 ± 8.4; p<0.001). Importantly, the advantage of 3D visualization 

was retained on the delayed post-test administered four weeks after module completion (72.3 ± 

6.8 vs 60.5 ± 7.6; p<0.001), suggesting genuine consolidation of learning rather than a transient 

performance boost. The OSPE practical scores and spatial reasoning scores likewise favoured the   
603 

3D group, with effect sizes (Cohen's d) of 1.30 and 1.41 respectively, both indicating large 

educational effects [Table 2]. 

Table 2. Comparison of Cognitive, Practical, and Spatial Reasoning Outcomes 
 

Assessment 3D Group (Mean ± 

SD) 

Conventional Group 

(Mean ± SD) 

p-value 

Pre-test (out of 100) 42.1 ± 6.2 41.8 ± 5.9 0.792 

Immediate Post-test 78.4 ± 7.1 69.2 ± 8.4 <0.001 

Delayed Post-test (4 
weeks) 

72.3 ± 6.8 60.5 ± 7.6 <0.001 

OSPE Practical Score 32.6 ± 3.4 27.8 ± 3.9 <0.001 

Spatial Reasoning 
Test 

26.4 ± 2.9 22.1 ± 3.2 <0.001 

 

The student perception data were equally encouraging. Approximately 95% of the 3D group 

reported that the technology improved conceptual understanding, while 95% felt that visualisation 

of complex regions such as the cavernous sinus, mediastinum, and pelvic floor was substantially 

easier. Notably, more than 73% of the 3D-group students disagreed with the proposition that 3D 

should replace cadaveric dissection entirely, indicating that learners themselves view the 

technology as complementary rather than substitutive [Table 3]. 

Table 3. Student Perception of 3D Visualization Technology (n=60) 
 

Statement Strongly 

Agree (%) 

Agree (%) Disagree/Strongly 

Disagree (%) 

3D models improved my conceptual 
understanding 

63.3 31.7 5.0 

Visualisation of complex structures was 
easier 

70.0 25.0 5.0 

3D learning increased my engagement and 
motivation 

65.0 28.3 6.7 

3D should replace cadaveric dissection 
entirely 

8.3 18.3 73.4 
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3D learning is a useful supplement to 
dissection 

78.3 18.3 3.4 

I would recommend 3D learning for 
future batches 

75.0 21.7 3.3 

 

4. Discussion 

The findings of this prospective educational study provide quantifiable evidence that the 

integration of 3D visualization technology into the first-year MBBS anatomy curriculum yields 

measurable improvements in cognitive performance, retention, and practical skill acquisition. The 

magnitude of improvement observed in the immediate post-test (mean difference 9.2 marks) and 

delayed post-test (mean difference 11.8 marks) is consistent with the meta-analytic estimates of 

Yammine and Violato [11], who pooled 36 studies and found a standardised mean difference of 

0.30–0.50 in favour of 3D modalities. 

A particularly noteworthy observation in the present series is the durability of the learning gain. 

Studies of educational technology often suffer from a 'novelty effect' in which performance 

improvements decay rapidly. By contrast, our delayed post-test, conducted four weeks after 

module completion, continued to favour the 3D group with a large effect size (Cohen's d = 1.65). 

This finding aligns with the dual coding theory of Paivio [19], which posits that simultaneous 

encoding through verbal and visual channels strengthens long-term memory. 

The substantial improvement in spatial reasoning observed in the 3D group is also clinically 

meaningful. Modern radiological practice demands proficiency in interpreting cross-sectional 

imaging derived from CT and MRI, and several investigators have documented that 3D-trained 

students exhibit superior accuracy in cross-sectional identification tasks [20,21]. The mean OSPE 

difference of nearly five marks corroborates the findings of Preece et al. [22], who reported that a 

3D learning module produced significantly better performance on practical assessments than 2D 

textbook learning. 

From a pedagogical perspective, the strong learner preference for 3D as a supplement, rather than 

a replacement, for cadaveric dissection deserves emphasis. Cadaveric dissection cultivates haptic 

perception, professional identity formation, and the affective learning that accompanies 

engagement with a once-living human body — none of which can be replicated by software [23]. 
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Our results, therefore, support a 'blended learning' model in which 3D visualization, AR/VR, and 

digital atlases function as adjuncts to the cadaver, not substitutes for it [24,25]. 

The principal strengths of this study include its prospective controlled design, identical contact 

hours and faculty between groups, validated outcome instruments, and inclusion of both immediate 

and delayed assessments. Limitations include its single-centre design, potential Hawthorne effect, 

the inherent difficulty of blinding educational interventions, and the use of regional anatomy alone 

(excluding microscopic and developmental anatomy). Further multi-centric studies and long-term 

follow-up of clinical performance are warranted. 

In the broader Indian context, the findings carry significant policy implications. The National 

Medical Commission's Competency-Based Medical Education (CBME) framework explicitly 

recommends the integration of educational technology in foundational sciences [26]. With the 

increasing affordability of tablet devices, robust 3D anatomy platforms, and locally developed 

virtual dissection laboratories, Indian medical institutions are well-positioned to scale up such 

pedagogical innovations responsibly [27,28]. 

5. Conclusion 

The integration of 3D visualization technology into the anatomy curriculum produced significant 

improvements in immediate knowledge acquisition, long-term retention, practical examination 

performance, and spatial reasoning of first-year medical students at a tertiary medical university 

in South India. Learner perception was overwhelmingly positive, with the technology viewed as a 

powerful supplement to — but not a replacement for — cadaveric dissection. Anatomy 

departments in India should consider a planned, blended educational strategy that combines the 

unique experiential value of cadaveric work with the spatial richness of contemporary 3D 

visualization tools. 
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