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SUMMARY
This study aimed to evaluate and compare the 

cognitive and spatial learning outcomes of two in-
structional modalities, traditional 2D atlas-based 
learning and 3D atlas-based visualization, in the 
teaching of human embryology. Conducted as a 
cross-over experimental study at Khyber Medical 
University, the research involved thirty-four post-
graduate students equally divided into Group A 
and Group B. In Phase 1, Group A received 2D in-
struction while Group B received 3D instruction. 
Each participant completed a pretest, a two-hour 
instructional session on heart development, a 
post-test immediately after, and a delayed post-
test two weeks later. Cognitive understanding was 
assessed using a structured questionnaire, while 
spatial ability was evaluated using the Visual-
ization of Rotation (ROT) test. After Phase 1, the 
instructional methods were flipped between the 
groups, and the assessments were repeated.

Before flipping, a significant difference was ob-
served in pretest cognitive scores between the 
groups (F = 5.405, p = 0.026), with the Group B (3D 
in Phase 1) scoring higher; however, this differ-
ence did not persist in post-test or delayed post-
test results. Spatial scores also showed a clear 
advantage for the Group B before the flip, with sig-
nificantly higher post-test (F = 27.781, p < 0.05) 

and delayed post-test scores (F = 55.07, p < 0.05). 
After flipping, the group receiving 3D instruction 
achieved higher spatial scores at both the post-
test and delayed post-test stages confirming the 
consistent advantage of 3D visualization across 
both phases. Within-group analysis revealed 
modest improvements after instruction for both 
groups, followed by a normal decline at delayed 
testing.

Overall, the findings suggest that 3D atlas-based 
learning enhances spatial reasoning and visu-
alization skills, while traditional 2D learning re-
mains effective for factual content mastery. The 
cross-over design minimized the influence of 
baseline differences and allowed direct compar-
ison of both modalities within the same partici-
pants. These results support an integrated ped-
agogical approach where 3D visualization tools 
are introduced early to build spatial frameworks, 
followed by 2D resources to reinforce conceptual 
understanding and retention.

Key words: Spatial ability – ROT (visualization 
of Rotation) – Cognition – Embryology – 3D learn-
ing

INTRODUCTION
Embryology is a fundamental component of 
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medical education, providing essential knowl-
edge for the understanding of the complex-organ 
spatial connectivity and identifying the roots of 
congenital birth defects (Chekrouni et al., 2020). 
Traditional education systems deliver embryo-
logical information to students through textbooks 
alongside didactic lectures as they serve as base-
line learning materials in medical programs. Un-
derstanding embryonic development demands 
more than simple textual information, because 
the process remains complicated in nature. The 
understanding of spatial relationships needs 
visualization to strengthen anatomical connec-
tions, and this proves difficult when using stan-
dard teaching methods independently (Alharbi et 
al., 2020).

Anatomical instruction has developed through 
time by leaving behind traditional paper meth-
ods to adopt modern interactive technological 
methodologies (McBride and Drake, 2018). The 
COVID-19 pandemic highlighted a permanent 
transition by using digital platforms to replace 
traditional classrooms so that anatomical educa-
tion progressed through virtual platforms. These 
technological advances have shown successful 
achievements in anatomy teaching, but research-
ers need to study how they affect long-term edu-
cational outcomes (Losco et al., 2017).

Medical students require memorization with 
comprehension and visualization techniques to 
build a thorough grasp of anatomy according to 
recent studies. The ability of students to remem-
ber and recall how anatomical parts relate spa-
tially helps them create mental photographs and 
spatial awareness, which proves critical for med-
ical practice (Pradhan et al., 2024). Research pos-
es the pivotal question whether spatial cognitive 
competency by nature increases anatomy learn-
ing skills or medical education courses enhance 
spatial capabilities (Langlois et al., 2017).

Research established that three-dimensional 
(3D) visualization tools lead students to obtain 
better factual as well as spatial knowledge about 
anatomical representations than traditional 
two-dimensional (2D) approaches (Vorstenbosch 
et al., 2013; Triepels et al., 2020). The enhance-
ment of spatial abilities occurs following repeated 
exposure and training, according to multiple re-

search papers which show that visualization and 
anatomy learning work in tandem (Langlois et al., 
2020; Gonzales et al., 2020). Two studies focused 
on the comparative analysis between two-dimen-
sional and three-dimensional learning methods 
showed that virtual and augmented-reality tech-
nology offers better spatial anatomical compre-
hension and presents itself as a suitable choice for 
teaching replacement (Birbara et al., 2020; Dha-
ramsi et al., 2022).

Arguments that produce better educational re-
sults increase, since students increasingly use 
online education while having restricted access to 
physical cadaver dissection spaces and anatom-
ical model collections. The research investigates 
cognitive and spatial performance scores in de-
velopmental embryology education between two 
student groups to evaluate spatial cognition im-
pact on anatomy learning through emerging digi-
tal educational tools in medical curricula.

MATERIALS AND METHODS
The experimental pre-test and post-test study 

were performed at the Institute of Basic Medical 
Sciences within Khyber Medical University in Pe-
shawar. The study was conducted in accordance 
with the Institutional Review Board through NO: 
KMU/IBMS/IRBE/meeting/2022/8071. All partici-
pants involved in this study had approved to join 
the research through informed consent. Moreover, 
the participants in this study were postgraduate 
medical students currently pursuing M.Phil. de-
grees in Anatomy at the Institute of Basic Medical 
Sciences, Khyber Medical University. All of them 
had already completed their bachelors in allied 
health sciences, so they entered the program with 
a similar baseline understanding of embryology. 
Because of this shared academic background, 
it was anticipated that the group was uniform in 
their foundation knowledge before the education-
al intervention. To avoid confusion between in-
structional modalities before and after the cross-
over, the two groups were referred to Group A and 
Group B throughout the study. At the start of the 
study, participants were randomly assigned to 
these two groups. In Phase 1, Group A received 
traditional 2D atlas instruction and Group B re-
ceived 3D digital atlas instruction. In Phase 2 (af-
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ter flipping), the modalities were flipped: Group 
A received 3D instruction, and Group B received 
2D instruction. This consistent naming style pre-
vents ambiguity in interpreting results before and 
after the instructional flip.

The pre-test consisted of two main components:

1. The structured questionnaire determined the 
results of cognitive assessment.

2. The Visualization of Rotation (ROT) test was 
used to assess spatial ability during the study 
(Yoon, 2011).

Both groups participated in a two-hour in-
structional session on heart development. The 
instructional duration, learning objectives, and 
assessment timelines were kept the same for both 
modalities to avoid procedural bias. Netter’s Atlas 
of Human Embryology and Langman’s Human 
Embryology were used as reference materials 
for traditional learning group (Group A in Phase 
1) used Netter’s Atlas of Human Embryology and 
Langman’s Human Embryology as reference ma-
terials, while the 3D learning group (Group B in 
Phase 1) viewed the interactive digital platform 
available at http://www.3datlasofhumanembryol-
ogy.com.

The post-test assessment occurred promptly 
following instructions and then the delayed post-
test took place two weeks after using an identi-
cally structured pre-test questionnaire. In the 
two weeks before the delayed post-test, students 
were asked not to review or search for any extra 
material on the topic. When they came in for the 
delayed test, this reminder was given again. The 
assessment was held in a supervised classroom 
environment to make sure that instructions were 
followed. This approach was used so that the 
delayed test would reflect what students had re-
tained from the original lesson.

Following completion of phase 1, the study em-
ployed a cross-over arrangement. Group A shift-
ed from 2D instruction to 3D instruction, while 
Group B shifted from 3D to 2D. The duration of in-
struction and the sequence of assessments were 
kept consistent across both phases. Although 
the anatomical topic remained the same, paral-
lel (rather than identical) test items were used to 

limit direct recall of previous responses. This ap-
proach allowed both groups to engage with both 
instructional modalities while minimizing learn-
ing carryover effects. The cognitive questionnaire 
and the ROT spatial test were administered in the 
same order during each phase.

Descriptive and inferential statistical analyses 
were performed to examine cognitive and spatial 
learning outcomes. All information was processed 
by Microsoft Excel and Statistical Package for the 
Social Sciences (SPSS), version 24. The test in-
cluded descriptive statistics, which presented the 
mean (M) and standard deviation (SD). A Shap-
iro-Wilk test was conducted to check the distribu-
tional normality of measured variables. The anal-
ysis of score differences between groups included 
a one-way ANOVA test for the three tests’ scores. 
The evaluation of differences among participants 
used a repeated measures ANOVA design. The re-
lationship between cognitive scores and spatial 
ability was evaluated through Pearson’s correla-
tion coefficient test. To avoid misinterpretation 
of group effects, all between-group comparisons 
were interpreted in relation to the instruction-
al modality delivered in each phase rather than 
group identity. Although Group A and Group B la-
bels remained constant throughout the study, the 
instructional modality (2D or 3D) varied by phase. 
Accordingly, any observed between-group differ-
ences at post-test or delayed post-test were at-
tributed to the modality of instruction rather than 
inherent differences between groups.

RESULTS
A total of 34 participants were included in the 

study with 50% allocated to each group. Most of 
the participants were females (76%), and their 
ages ranged from 27 to 35 years.

Phase 1 (Before Flipping)

Cognition Scores: Table 1 presents the cogni-
tion scores for Group A (2D instruction) and Group 
B (3D instruction) before the cross-over. A statis-
tically significant difference was observed at the 
pre-test stage (F = 5.405, p = 0.026), with Group 
B scoring higher than Group A. However, no sig-
nificant differences were observed at the post-test 
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(F = 0.956, p = 0.335) or delayed post-test stages 
(F = 0.814, p = 0.373). Within-group comparisons 
showed statistically non-significant changes over 
time for both Group A (F = 2.901, p = 0.080) and 
Group B (F = 2.540, p = 0.106). These results in-
dicate that although Group B began with a higher 
baseline cognitive score, Group A improved suffi-
ciently to close the gap after instruction.

Spatial Scores: As shown in Table 2, there was no 
significant difference in spatial scores at the pre-
test stage (F = 1.704, p = 0.201). However, Group B 
scored significantly higher at both the post-test (F 
= 27.781, p < 0.001) and delayed post-test stages 
(F = 55.078, p < 0.001). Within-group analysis also 
demonstrated significant improvement across 
time in both groups (Group A: F = 7.019, p = 0.007; 
Group B: F = 11.200, p = 0.001). This confirms that 
3D visualization produced greater spatial skill en-
hancement compared to 2D instruction.

Phase 2 (After Flipping)

Cognition Score: Table 3 summarizes the cog-
nition results after the instructional cross-over. At 
the Phase 2 pre-test, Group B scored significantly 
higher than Group A (F = 6.847, p = 0.013), reflect-
ing a persistent baseline difference rather than 
an instructional effect. Following instructions, 
no significant differences were found at the post-
test (F = 0.672, p = 0.418) or delayed post-test (F = 
0.087, p = 0.770). Both groups showed modest im-
provement after instruction followed by a decline 

at the delayed post-test.

Spatial Scores: Table 4 shows the spatial score 
comparisons after the cross-over. At the Phase 2 
pre-test, there was no significant difference be-
tween groups (F = 1.218, p = 0.278). However, 
Group B scored significantly higher than Group A 
at both the post-test (F = 25.995, p < 0.001) and 
delayed post-test (F = 40.523, p < 0.001). With-
in-group changes remained significant for both 
Group A (F = 9.138, p = 0.004) and Group B (F = 
10.174, p = 0.002). These results again support 
the consistent advantage of 3D visualization in 
improving spatial reasoning.

Correlational Analysis: Pearson correlation 
analysis showed a weak, non-significant relation-
ship between cognition and spatial scores across 
all assessment points (r = 0.325, p = 0.061), indi-
cating that changes in one domain did not strong-
ly predict changes in the other.

DISCUSSION
This study compared cognitive and spatial 

learning outcomes between two instructional 
modalities, traditional 2D atlas-based learning 
and 3D atlas-based visualization, in the context of 
teaching embryological heart development. The 
results demonstrated that the two approaches 
supported learning in different ways, highlighting 
the importance of matching instructional tools to 
the learning objectives.

Fig. 1.- Sample question from the ROT Test with instructions (Yoon, 2011).
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Before the instructional methods were flipped, 
Group B, which received 3D instruction in Phase 
1, achieved significantly higher spatial scores at 
both the post-test and delayed post-test assess-
ments. This finding supports the established view 
that dynamic, manipulable 3D visualizations fa-
cilitate mental rotation and spatial integration, 
particularly in anatomy and embryology, where 
structures evolve in complex three-dimension-
al planes. This is consistent with earlier reports 
that 3D models and virtual reality tools promote 
spatial understanding more effectively than tra-

ditional images alone (Yoon, 2011; Wang et al., 
2020). The significant within-group improvement 
observed in both Group A and Group B also sug-
gests that spatial ability is trainable, aligning with 
research demonstrating that repeated exposure 
to visual–spatial challenges enhance mental rota-
tion skills over time (Langlois et al., 2020; Gonza-
les et al., 2020).

In contrast, the cognitive (factual recall) out-
comes showed no consistent advantage for either 
group across testing points before flipping. While 
Group B scored higher at baseline in the first 

Table 1. Cognition scores before instructional flipping (Phase 1)

Variable Assessment stage Group A (2D instruction)  
Mean ± SD

Group B (3D instruction) 
 Mean ± SD F p

Cognition 
 test (0-10)

Pre-test 3.76 ± 1.3 5.35 ± 2.4 5.405 0.026*

Post-test 4.94 ± 2.6 5.82 ± 2.6 0.956 0.335

Delayed post-test 3.82 ± 2.0 4.29 ± 0.77 0.814 0.373
In Phase 1, Group A received traditional 2D atlas instruction and Group B received 3D digital atlas instruction. Statistically signif-
icant (p < 0.05).

Table 2. Spatial scores before instructional flipping (Phase 1)

Variable Assessment stage Group A (2D instruction)  
Mean ± SD

Group B (3D instruction) 
 Mean ± SD F p

Spatial Cognition  
test (0-10)

Pre-test 3.35 ± 2.1 4.29 ± 2.0 1.704 0.201

Post-test 4.00 ± 1.6 6.29 ± 0.6 27.781 <0.001*

Delayed post-test 1.70 ± 1.4 4.82 ± 0.9 55.078 <0.001*
In Phase 1, Group A received traditional 2D atlas instruction and Group B received 3D digital atlas instruction. Statistically signif-
icant (p < 0.05)

Table 3.  Cognition scores after instructional flipping (Phase 2)

Variable Assessment stage Group A (2D instruction)  
Mean ± SD

Group B (3D instruction) 
 Mean ± SD F p

Spatial Cognition  
test (0-10)

Pre-test 4.52 ± 1.5 5.94 ± 1.6 6.847 0.013*

Post-test 5.64 ± 2.4 6.29 ± 2.0 0.672 0.418

Delayed post-test 4.23 ± 2.3 4.41 ± 0.8 0.087 0.770
In Phase 2, Group A received 3D digital atlas instruction and Group B received traditional 2D atlas instruction. Statistically signif-
icant (p < 0.05).

Table 4. Spatial scores after instructional flipping (Phase 2)

Variable Assessment stage Group A (2D instruction)  
Mean ± SD

Group B (3D instruction) 
 Mean ± SD F p

Spatial Cognition  
test (0-10)

Pre-test 3.82 ± 1.9 4.58 ± 2.0 1.218 0.278

Post-test 4.52 ± 1.4 6.58 ± 0.7 25.995 <0.001*

Delayed post-test 2.00 ± 1.5 4.88 ± 1.0 40.523 <0.001*
In Phase 2, Group A received 3D digital atlas instruction and Group B received traditional 2D atlas instruction. Statistically signif-
icant (p < 0.05).
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phase, both groups performed similarly at the 
post-test and delayed post-test stages. This aligns 
with previous studies suggesting that 3D visual-
ization supports how structures relate rather than 
what structures are, whereas textbook-based 
study may still be equally effective for content 
recall (Pagels et al., 2024; Codd and Choudhury, 
2011). Accordingly, spatial learning and cognitive 
recall appear to develop independently, which 
is further supported by the weak correlation ob-
served between the two domains in our study.

Although a baseline difference in cognitive 
scores was observed prior to instruction in both 
phases, and consistently favored the same group, 
this pattern likely reflects natural variation in 
prior knowledge rather than an instructional ef-
fect. The cross-over design allowed each group to 
receive both modalities, enabling within-group 
comparisons and thereby reducing the influence 
of initial differences and reducing the potential 
for baseline bias to affect outcome interpretation.

After flipping, the group exposed to 3D in-
struction demonstrated higher spatial scores 
compared to the before flipping, confirming that 
the advantage was modality-driven rather than 
group-specific. Furthermore, the group that ex-
perienced 3D instruction first showed continued 

strength in spatial tasks even after switching to 2D 
materials in the next phase, suggesting a lasting 
benefit of early exposure to 3D visualization. This 
learning-transfer pattern has been described as 
a scaffolding effect, in which once spatial frame-
works are constructed, students can mentally re-
construct 3D form without needing continued 3D 
support (Hoyek et al., 2014). This emphasizes the 
importance of instructional sequencing and re-
visitation of complex spatial topics.

The decline in delayed post-test scores across 
both groups is also noteworthy. This pattern likely 
reflects normal retention decay, consistent with 
evidence that spatially integrated anatomical 
knowledge requires repeated engagement to be 
maintained over time. Importantly, the similar 
decline observed in both groups further suggests 
that neither modality artificially inflates long-
term retention; rather, both require revisitation of 
content to sustain gains.

Overall, the findings of this study suggest that 3D 
atlas tools are particularly beneficial for enhanc-
ing spatial reasoning, while traditional resources 
remain effective for cognitive content mastery. 
Rather than positioning one method as superior 
to the other, this research supports a complemen-
tary instructional model in which 3D visualiza-

Fig. 2.- Pre-Test Assessment given to the participants.
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tion is introduced initially to build foundational 
spatial understanding, followed by targeted rein-
forcement using traditional 2D resources to con-
solidate cognitive content.

CONCLUSION
This study demonstrated that 3D atlas-based 

visualization consistently enhanced students’ 
spatial reasoning across both phases of the 
cross-over design, regardless of whether learn-
ers encountered it first or after traditional 2D in-
struction. In contrast, cognitive (factual) learning 
outcomes were comparable between modalities 
after instruction, indicating that conceptual un-
derstanding can be effectively supported by both 
2D and 3D resources. The repeated observation 
that the group receiving 3D instruction, wheth-
er in Phase 1 or Phase 2, achieved higher spatial 
scores highlights the modality-specific advantag-
es of interactive visualization for understanding 
complex embryological structures.

The cross-over structure further revealed that 
once spatial understanding is established, its ben-
efits persist even when learners transition to 2D 
materials, suggesting a durable learning-trans-
fer effect. These results support a sequenced 
pedagogical approach in which 3D visualization 
is introduced early to build foundational spa-
tial frameworks, followed by reinforcement and 
consolidation using traditional 2D atlases for 
long-term conceptual learning. Future research 
should employ larger and more diverse samples 
and explore the integration of virtual or augment-
ed reality technologies to further enhance spatial 
reasoning and improve long-term retention of 
embryological concepts.
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