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Introduction

Medical education demands an understanding of
complex structures and functional correlations across
various subjects, forming the basis of clinical practice.
Anatomy, often regarded as the foundation of medical
education, presents unique challenges, requiring students
to integrate multiple cognitive processes simultaneously,
including spatial visualization, memory consolidation,
and conceptual understanding [1, 2]. Beyond
morphological characteristics, learners must
comprehend the spatial relationships, functional
correlations, and clinical relevance of anatomical
structures, all of which are fundamental to achieving the
desired level of clinical competence [3].

Despite the implementation of competency-based
medical education curricula across India, student
performance in anatomy continues to show considerable
variability [4]. This variation in academic outcomes is
greatly influenced by the learning preferences of
students, the preferred modalities through which they
optimally receive, process, and retain anatomical
information [5].

A recent cross-sectional study conducted at a teaching
hospital in Perambalur, India (2023) confirmed that
kinesthetic and auditory learning remain prevalent
among medical students [6], with demonstrations and
interactive sessions being the preferred approaches for
anatomy learning.

The theoretical background for analyzing learning
preferences in medical education is well-established
through several cognitive frameworks. According to
Paivio’s Dual Coding Theory, information is processed
through both verbal and visual-spatial channels, a
concept directly relevant to anatomy, where students
must simultaneously integrate textual descriptions with
visual representations [7]. Similarly, Sweller’s Cognitive
Load Theory suggests that optimal learning occurs when
teaching methods are tailored to an individual’s
cognitive makeup [8]. This implies that matching
instructional strategies to individual learning preferences
can greatly improve student performance [9]. Dobson’s
seminal work demonstrated that students with visual
learning preferences exhibited better performance in
anatomy practical examinations, suggesting a clear
connection between preferred learning style and
academic outcomes [10].

The introduction of newer teaching methodologies,
including digital tools, 3D modeling, flipped classrooms,
and problem-based learning, results in higher knowledge

retention and student engagement compared to
traditional methods, with blended teaching approaches
associated with greater student satisfaction [11, 12].
Despite growing interest in personalized medical
education, a research gap remains in understanding how
students’ anatomy learning preferences relate to their
academic performance. The majority of prior studies
utilize tools that lack specific design for the unique
requirements of anatomy, such as three-dimensional
spatial reasoning [13]. Furthermore, while some research
has been conducted within the Indian medical education
context, studies specifically examining the association
between learning preferences and academic performance
within the current curriculum remain limited [6].

The identification and understanding of anatomy
learning preferences among medical students carries
meaningful implications for educational practice. Such
knowledge can enable anatomy educators to adopt
tailored teaching methodologies that accommodate
diverse learning needs, thereby improving both student
engagement and academic outcomes [14]. Additionally,
this understanding serves as a useful foundation for
curriculum development and supports the creation of
personalized learning pathways that maximize individual
student potential [15].

The aim of this study was to assess anatomy learning
preferences among first-year MBBS students and
analyze their relationship with academic performance in
anatomy.

The specific objectives were: 1) to determine the
distribution of anatomy learning preferences among first-
year MBBS students; 2) to investigate relationships
between specific learning preferences and performance
in formative anatomy assessments; 3) to examine
academic performance variations across different
learning preference classifications; 4) to identify
demographic factors influencing anatomy learning
preferences; and 5) to validate the learning preference
questionnaire through statistical analysis.

Materials & Methods

Design and setting(s)

This cross-sectional analytical study was conducted at
the Department of Anatomy, Chettinad Hospital and
Research Institute, Chennai, Tamil Nadu, India, during
the period 1 December 2024 to 31 July 2025. Data
collection occurred following completion of four
formative assessments, through an online questionnaire
administered via Google Forms.
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Participants and sampling

Census sampling was employed, whereby all 250 first-
year MBBS students enrolled during the study period
were invited to participate. This approach was chosen to
maximize sample size, ensure comprehensive
representation of the study population, and minimize
selection bias. Census sampling was feasible given the
manageable cohort size and allowed us to capture the full
spectrum of learning preferences within this academic
cohort. However, 17 students did not meet the inclusion
criterion of > 75% attendance; therefore, the final
analysis was conducted on 233 students (Figure 1).

Inclusion criteria were as follows: 1) first-year MBBS
students enrolled during the study period (I December
2024 to 31 July 2025); 2) aged 17-22 years at the time of
enrollment; 3) completed a minimum of four anatomy
formative assessments (both theory and practical
components) during the study period; and 4) regular
attendance of > 75% in anatomy courses (lectures,
dissection practicals, and tutorials) as per institutional
regulations.

Students were excluded if they: 1) declined consent or
withdrew during data collection; or 2) had attendance
below 75% in anatomy courses (n = 17).

First-year MBBS students enrolled
(December 2024 — July 2025)
(n=250)

\4

Assessed for eligibility
(n=250)

\4

Questionnaire administered
(n=233)

Excluded (n=17)

¢ Did not meet inclusion

criteria or declined

\ 4

Data collected and verified
(n=233)

\ 4

FINAL SAMPLE ANLYZED
n =233 (93.2 % response rate)

Figure 1. Flow diagram of participants through the study

J Med Edu Dev

2026;19(2)


https://edujournal.zums.ac.ir/article-1-2651-en.html

[ Downloaded from edujournal.zums.ac.ir on 2026-05-18 ]

LEARNING PREFERENCES IN ANATOMY EDUCATION 61

Tools/Instruments

A 20-item questionnaire was developed to assess
anatomy learning preferences across four modalities
(Appendix 1). The instrument was constructed de novo
specifically for this study; item development was
informed by established theoretical frameworks,
including Fleming and Mills’ VARK model [5], Felder-
Soloman’s Index of Learning Styles [16], Kolb’s
Experiential Learning Theory [17], and Honey and
Mumford’s Learning Styles framework [18]. While these
theoretical foundations guided item construction, the
LPAI was not adapted from any single existing tool. All
items were newly written to reflect anatomy-specific
learning scenarios, for example, “I learn anatomical
structures best when I can physically dissect and handle
specimens” (tactile-kinesthetic preference) and “I prefer
studying from anatomical atlases and color-coded
diagrams” (visual-spatial preference). Face and content
validity were established through expert review of item
relevance, clarity, and comprehensiveness, following
recommendations for obtaining content-related validity
evidence via expert judgment [19, 20]. The panel
comprised two anatomy faculty members, a Professor
with 15 years of experience in anatomy education and an
Associate Professor with 11 years of experience, along
with two faculty members from the Medical Education
Unit with expertise in medical education technologies.
Internal consistency was evaluated using Cronbach’s
alpha, which yielded a value of 0.71. The instrument
assessed four learning preference modalities: Visual-
Spatial Preference (VS), reflecting preference for
diagrams, anatomical atlases, 3D models, and color-
coded materials; Auditory-Verbal Preference (AV),
reflecting preference for lectures, discussions, and verbal
interaction;  Textual-Analytical Preference (TA),
reflecting preference for reading, note-taking, and
written materials; and Tactile-Kinesthetic Preference
(TK), reflecting preference for hands-on activities,
dissection, and physical manipulation of specimens.
Each response option was weighted equally, and total
scores were calculated for each modality on a scale of 0—
20. Preferences were classified as Dominant (highest
score > 15 with a > 3-point difference from other
modalities), Balanced (no modality exceeds others by >
3 points), or Multimodal (two or more modalities within
2 points of each other).

Data collection methods
Data collection took place in August 2025 via an online
questionnaire administered through Google Forms,

following completion of four formative assessments. The
Principal Investigator distributed the questionnaire link
through the institutional learning management system,
providing students a two-week window for completion
with reminder emails sent at seven-day intervals.
Confidentiality was maintained through unique
identification codes linking responses to academic
performance data, with password-protected storage
accessible only to the Principal Investigator. Academic
performance data, comprising internal assessment theory
and practical scores — were obtained from official
institutional records maintained by the Department of
Anatomy, with appropriate administrative permissions.

Data analysis

All analyses were performed using IBM SPSS Statistics
(version 29.0; IBM Corp., Armonk, NY, USA), with
statistical significance set at p < 0.05 (two-tailed).
Descriptive  statistics, including means, standard
deviations, frequencies, and percentages, were computed
as appropriate.

Normality was assessed using the Kolmogorov-Smirnov
and Shapiro-Wilk tests. Since learning preference scores
(VS, AV, TA, TK) were not normally distributed,
Spearman’s rank-order correlation coefficients were
used to examine bivariate relationships between learning
preference modality scores and academic performance
measures.

Participants were classified into dominant learning
preference groups (VS, AV, TA, TK, and multimodal)
based on their highest modality score. The Kruskal-
Wallis H test was used to compare internal assessment
theory and practical performance across these groups,
with Bonferroni-corrected Dunn’s post hoc pairwise
comparisons applied where significant differences were
found. Pearson’s chi-square test of independence
assessed associations between dominant learning
preference categories and dichotomized academic
performance (high > 50% versus low < 50%) for both
theory and practical components, as 50% represented the
institutional passing threshold.

As academic performance was normally distributed
within unimodal subgroups (n = 216), independent
samples t-tests were conducted to compare performance
between theory-oriented (VS + TA dominant) versus
practical-oriented (AV + TK dominant) learners, visual-
dominant versus non-visual-dominant learners, and
kinesthetic-dominant versus non-kinesthetic-dominant
learners. Polymodal learners were excluded from these
comparisons. Levene’s test was used to verify
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homogeneity of variance, and Cohen’s d was calculated
to estimate effect sizes.

Results

Among the 233 participants, the most prevalent
dominant learning preference was Visual-Spatial (VS; n
=72, 30.9%), followed by Tactile-Kinesthetic (TK; n =
66, 28.3%), Auditory-Verbal (AV; n = 47, 20.2%),
Textual-Analytical (TA; n=31, 13.3%), and Multimodal
(n = 17, 7.3%). The predominance of visual and
kinesthetic preferences is consistent with the hands-on,

visually rich nature of anatomy education. Spearman’s
rank-order correlation analysis revealed that Tactile-
Kinesthetic preference was significantly and positively
associated with practical assessment performance (r =
0.187, p = 0.004). Textual-Analytical preference
demonstrated significant negative correlations with both
theory performance (r =—0.208, p = 0.001) and practical
performance (r = —0.216, p < 0.001). No other modality
scores yielded statistically significant correlations with
academic performance measures. Full correlation
coefficients are presented in Table 1.

Table 1. Spearman correlation matrix between learning preferences and academic performance scores

Variable VS Score AV Score TA Score TK Score IA Theory Avg IA Practicals Avg
r Y r Y r Y r P r P r p

VS score 1 -0.18 0.005 -0.21 0.001 -034 0<0.001 0.07 0.313 0.02 0.804

AV score —0.18 0.005 1.000 0.02 0.776 —-045 0<0.001 0.01 0.869 —0.01 0.882

TA score —-0.21 0.001 0.02 0.776 1 -043 0<0.001 -0.21 0.001 -0.22 0<0.001

TK score —-034 0<0.001 -045 0<0.001 -043 0<0.001 1.000 0.11 0.107 0.19 0.004

IA"“/gthe‘“'y 0.07 0313 0.01 0869  —021  0.001 0.1 0.107 1 075  0<0.001

1A

practicals 0.02 0.804 -0.01 0.882 -022 0<0.001 0.19 0.004 0.75 0<0.001 1

Avg

Note: Spearman correlation coefficients are reported with p-values in parentheses.
Abbreviations: VS, visual-spatial; AV, auditory-verbal; TA, textual-analytical; TK, tactile-kinesthetic; IA, integrated assessment; Avg, average; p, probability value.

Kruskal-Wallis H test revealed a statistically significant
difference in practical assessment scores across
dominant learning preference groups (p = 0.010), while
theory scores did not differ significantly across groups.
Post hoc pairwise comparisons with Bonferroni
correction identified the specific group differences

contributing to this finding (Table 2). Chi-square
analysis indicated a significant association between
dominant learning preference category and dichotomized
practical performance (high vs. low; p = 0.004), whereas
no significant association was observed for theory
performance categories (p = 0.354; Table 3).

Table 2. Academic performance across dominant learning preference groups

VS dominant AV dominant TA dominant TK dominant Polymodal
Performance Metric (n =72) (n=47) (n=31) (n = 66) (n=17) p-value
mean + SD mean + SD mean + SD mean + SD mean = SD
IA theory Avg 42.56 £9.95 40.96 £ 10.99 35.80+10.73 41.70 £ 11.08 41.87+11.18 0.102
IA practicals Avg 51.14+£11.85 51.06 +13.22 43.58 £12.19 53.25+12.21 49.33 +15.22 0.010

Note: Values are presented as Mean + SD. Kruskal-Wallis test was used to compare academic performance across dominant learning preference groups. Post hoc analysis
revealed significant differences in practical performance between TA and AV groups (p = 0.045) and between TA and TK groups (p = 0.004).

Abbreviations: VS, visual-spatial; AV, auditory-verbal; TA, textual-analytical; TK, tactile-kinesthetic; IA, integrated assessment; Avg, average; n, number of participants;
SD, standard deviation; p, probability value.

Table 3. Chi-square analysis of the association between dominant learning preference and academic performance categories

Performance category Dominant preference  Low performers (n)  High performers (n) e df p-value
IA theory performance A 56 16 441 4 0.354
AV 36 11
TA 29 2
TK 51 15
Polymodal 13 4
IA practicals performance A 36 36 1562 4 0.004
AV 17 30
TA 23 8
TK 24 42
Polymodal 10 7

Note: Chi-square test of independence was used to examine the association between dominant learning preference and performance categories.
Performance was categorized as Low (<50%) or High (=50%) based on assessment scores.

Abbreviations: VS, visual-spatial; AV, auditory-verbal; TA, textual-analytical; TK, tactile-kinesthetic; IA, integrated assessment; n, number of
participants; 2, Chi-square test; df, degrees of freedom; p, probability value.
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Independent samples t-tests revealed that practical-
oriented learners (AV + TK dominant) achieved
significantly higher practical assessment scores
compared to theory-oriented learners (VS + TA
dominant; p = 0.043; Table 4). Visual-dominant learners
did not differ significantly from non-visual-dominant
learners in either theory or practical performance (Table
5). Kinesthetic-dominant learners  demonstrated
significantly higher practical scores compared to non-

kinesthetic-dominant learners (53.25 + 12.21 vs. 49.56 +
12.66; p = 0.047; Cohert’s d = 0.29), indicating a small
but statistically significant effect (Table 6). The most
common daily anatomy study duration reported was 1-2
hours. Students expressed a strong preference for
practical demonstrations and faculty mentoring as
primary learning support strategies. Memory retention
was identified as the most frequently cited learning
challenge, reported by 55.8% of participants.

Table 4. Comparison of academic performance between theory-oriented and practical-oriented learners

Performance domain Theory-oriented (VS+TA)

Practical-oriented (AV+TK)

(n=103) (n=113) t P Cohen’s d
mean + SD mean + SD
Theory performance 40.53 £10.61 41.39+£10.99 —-0.59 0.558 —0.08
Practical performance 48.87+12.39 52.34+12.63 —2.04 0.043 —0.28

Note: Values are presented as Mean + SD. Independent samples t-test was used for group comparisons. Polymodal learners (n = 17) were excluded from this analysis
(total analyzed n = 216). Practical-oriented learners scored significantly higher in practical performance (p = 0.043); no significant difference was observed in theory

performance (p = 0.558).

Abbreviations: VS, visual-spatial; AV, auditory-verbal; TA, textual-analytical; TK, tactile-kinesthetic; IA, integrated assessment; n, number of participants; SD,

standard deviation; t, t-statistic; p, probability value; d, Cohen’s d effect size.

Table 5. Comparison of academic performance between visual-dominant and non-visual-dominant learners

Performance domain Visual-dominant

Non-visual-dominant

(n=72) (n=144) t p Cohen’s d
mean = SD mean = SD
Theory performance 42.56 £9.95 40.19+11.15 1.54  0.126 0.22
Practical performance 51.14+11.85 50.45 +13.01 0.38  0.706 0.06

Note: Values are presented as Mean + SD. Independent samples t-test was used for group comparisons. Polymodal learners (n = 17) were excluded from
this analysis (total analyzed N=216). No significant differences were observed in either theory (p=0.126) or practical performance (p = 0.706) between

visual-dominant and non-visual-dominant learners.

Abbreviations: n, number of participants; SD, standard deviation; t, t-statistic; p, probability value; d, Cohen’s d effect size.

Table 6. Comparison of academic performance between kinesthetic-dominant and non-kinesthetic-dominant learners

Performance domain Kinesthetic-dominant

Non-kinesthetic-dominant

(n =66) (n =150) t p Cohen’s d
mean + SD mean + SD
Theory performance 41.70 £ 11.08 40.66 + 10.70 0.65 0.518 0.10
Practical performance 53.25+12.21 49.56 £+ 12.66 2.00 0.047 0.29

Note: Values are presented as Mean + SD. Independent samples t-test was used for group comparisons. Polymodal learners (n = 17) were excluded from
this analysis (total analyzed n = 216). Kinesthetic-dominant learners scored significantly higher in practical performance (p = 0.047); no significant

difference was observed in theory performance (p = 0.518).

Abbreviations: n, number of participants; SD, standard deviation; t, t-statistic; p, probability value; d, Cohen’s d effect size.

Discussion

The present study found that 31% of students exhibited
visual-spatial dominance, 28% demonstrated tactile-
kinesthetic preference, 20% showed auditory-verbal
preference, 13% preferred textual-analytical learning,
and 7% demonstrated multimodal preferences. These
findings align with existing literature. Satapathy and
Singh reported that 70% of MBBS students
demonstrated unimodal learning preferences, with
kinesthetic modality being the most prevalent at 34%
[21]. Rawat et al. similarly identified kinesthetic learning
as the dominant preference among medical
undergraduates, reinforcing the notion that anatomy
education is inherently oriented toward hands-on

approaches [22]. The predominance of kinesthetic and
visual preferences reflects the spatially demanding and
practically oriented nature of anatomy as a discipline
[23]. Aboregela et al. reported that 90.5% of medical
students preferred kinesthetic learning, followed by 54%
auditory, 34.9% visual, and 17.5% read/write modalities
[24], suggesting cross-cultural consistency in learning
preference distribution among medical students globally.
The most significant finding of this study was the
positive  correlation  between  tactile-kinesthetic
preference and practical examination performance (r =
0.187, p = 0.004). Students with kinesthetic dominance
scored significantly higher in practical assessments
(53.25 £ 12.21) compared to non-kinesthetic learners
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(49.56 + 12.66; p =0.047; Cohen’s d = 0.29),
underscoring the importance of hands-on dissection and
laboratory-based learning in anatomy education.

These results are well supported by recent literature.
Bokariya et al. demonstrated that practical
demonstration-first approaches significantly improved
student understanding and retention of anatomical
concepts, noting that exposure to prosected specimens
and clinical cases prior to theoretical lectures enhanced
comprehension of complex anatomical relationships
[25]. Padmalatha et al. similarly found suggestive
evidence of a correlation between kinesthetic learning
style and practical performance, with multimodal
learners achieving the highest practical scores [26].

The basis for superior kinesthetic outcomes in anatomy
has been studied extensively. Chatha et al. concluded that
physical examination of human tissues provides tactile
and spatial understanding that digital tools cannot fully
replicate, and that cadaveric dissection remains
foundational  for  developing three-dimensional
anatomical comprehension and clinical reasoning skills
[27]. Elbeshbeishy et al. further confirmed that hands-on
dissection facilitates professional identity formation
fundamental to medical education [28].

A noteworthy finding was the negative correlation
between textual-analytical preference and both theory
(r=-0.208, p =0.001) and practical performance
(r=-0.216, p <0.001). Martinez et al. reported
similar findings, noting that students with theoretical
learning styles showed poorer anatomy performance
compared to those with pragmatic or reflective styles
[29]. Thompson et al. demonstrated that surface learning
approaches were negatively correlated with examination
performance [30].

However, the cross-sectional design of this study
prevents establishing causality. Two interpretations are
plausible: first, text-based learning may be insufficient
for mastering anatomy’s spatial demands, as suggested
by Martinez et al. [29]; second, students struggling with
anatomy may compensate by increasing reading, making
textual preference a consequence rather than a cause of
poor performance. Regardless of causal direction,
students with strong textual preferences warrant
educational attention, either to diversify their learning
approaches or to address underlying spatial reasoning
difficulties.

Medical educators should identify these students early
and provide explicit instruction in visual-spatial and
kinesthetic strategies. Longitudinal research measuring

baseline preferences before anatomy instruction is
needed to clarify this relationship.

Contrary to initial expectations, this study found no
significant performance advantage for students with
multimodal learning preferences compared to those with
unimodal preferences (theory: p = 0.627; practical: p =
0.634), challenging the common assumption that
flexibility in learning approaches necessarily translates
to superior academic outcomes.

Other studies, however, have reported different findings.
Rawat et al., in a study involving 867 medical students,
found that 23.2% preferred quadrimodal learning styles
and that multimodal learners demonstrated greater
overall satisfaction with diverse teaching methods [22].
A systematic review by Odogwu et al. on virtual reality
in anatomy education similarly found that multimodal
approaches combining traditional and technological
methods produced superior learning outcomes compared
to single-modality instruction [31].

A critical finding from the qualitative aspects of this
study was that 55.8% of students identified memory
retention as their greatest challenge in learning anatomy.
This resonates with established concerns about
knowledge decay in medical education. Saeed et al.
demonstrated that clinical anatomy knowledge (mean
retention 68.39%) was significantly better retained than
gross anatomy knowledge (mean retention 45.35%)
among medical graduates, primarily because clinical
anatomy receives continuous reinforcement through
practical application [32].

The authors emphasized that gross anatomy requires
greater integration with clinical relevance to enhance
long-term retention, supporting the incorporation of
problem-based learning, clinical scenarios, and early
clinical exposure into preclinical curricula [32].
Arko-Boham et al. reported that over 70% of medical
students experienced weak long-term retention of
anatomy knowledge due to the gap between preclinical
teaching and clinical application [33]. Integration of
digital tools, three-dimensional models, and virtual
reality simulations can provide repeated exposure to
anatomical content in varied contexts, potentially
enhancing long-term retention [34, 35].

The study revealed that 61% of students used digital
resources frequently, with 49% preferring online videos
as their primary digital learning tool. Nevertheless, 51%
still preferred offline resources, indicating that
traditional methods retain significant value and that
optimal anatomy education should embrace a blended
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approach combining the strengths of both traditional and
modern pedagogies.

Recent systematic reviews support this conclusion.
Nebot-Cegarra et al. conducted a comparative analysis of
face-to-face and e-learning methodologies in medical
anatomy education and found that blended learning
approaches produced superior academic results
compared to either method alone [36].

While virtual reality and augmented reality are
increasingly recognized as valuable supplements to
traditional dissection, Chatha et al. emphasized that these
technologies should complement rather than replace
cadaveric dissection, as the tactile experience remains
irreplaceable for comprehensive anatomical
understanding [27].

The cross-sectional design provides only a snapshot of
learning preferences and performance at a single point in
time, limiting the ability to assess how these
relationships evolve as students progress through
medical training. Longitudinal studies tracking students
across multiple years would provide more robust
evidence regarding the stability of learning preferences
and their long-term influence on academic and clinical
performance.

Academic performance was restricted to formative
internal assessments and may not reflect performance in
summative examinations, clinical settings, or long-term
knowledge retention. Furthermore, practical assessments
emphasizing specimen identification may have
inherently favored kinesthetic and visual learners,
potentially introducing assessment bias. The study was
conducted at a single institution, and some preference
groups had limited sample sizes (TA dominant: n = 31;
Multimodal: n = 17), reducing statistical power for
subgroup analyses and increasing the risk of Type II
errors. Although the instrument demonstrated acceptable
internal consistency, further refinement and validation in
future studies would strengthen its psychometric
properties.

Future studies may also benefit from employing
complementary classification strategies, such as median-
based splits, to examine the robustness of these
associations, as dichotomization at 50% may have
influenced the results.

Despite these limitations, this study provides valuable
preliminary evidence regarding associations between
learning preferences and anatomy performance,
warranting further investigation through rigorous
longitudinal and multi-institutional designs.

Conclusion

This study provides evidence that learning preferences,
particularly kinesthetic preference, are significantly
associated with practical anatomy performance among
first-year medical students. The findings support the
continued importance of hands-on dissection and
laboratory-based learning, while highlighting that
exclusive reliance on text-based learning is associated
with lower anatomy achievement. The absence of a
significant association between learning preferences and
theory performance suggests that multiple cognitive
abilities contribute to success in anatomy, and that
instructional design should address this
multidimensional nature of anatomical knowledge.

As medical education continues to evolve, integration of
traditional cadaveric dissection with emerging
technologies, blended learning approaches, and learner-
centered pedagogies may be associated with improved
anatomy education outcomes. Recognizing and
accommodating diverse learning preferences while
maintaining rigorous academic standards may enhance
both immediate learning and long-term retention.
However, the cross-sectional nature of this study
prevents establishing causal relationships, and controlled
intervention trials are needed to determine which specific
pedagogical approaches optimize outcomes for students
with different learning preference profiles.

Future research should employ longitudinal and
experimental designs to clarify whether adapting
instruction to individual learning preferences improves
anatomy performance, or whether encouraging
flexibility across multiple learning modalities proves
more effective. Longitudinal studies tracking how
learning preferences evolve from preclinical to clinical
training would establish the long-term relevance of
learning preference assessment, and evaluating the
scalability of different instructional approaches,
including traditional dissection, virtual reality, three-
dimensional printed models, and augmented reality,
across diverse institutional contexts would inform
evidence-based  resource  allocation  decisions.
Ultimately, evidence-based anatomy education should
aim to produce physicians better prepared for the
anatomical demands of clinical practice.
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