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Purpose: Neuroanatomy is a cornerstone of medical education, yet its complexity often leads to student apprehension, termed
“neurophobia.” This quantitative study evaluated the effectiveness of online Functional Neuroanatomy modules in enhancing second-
year medical students’ understanding of neuroanatomy at Weill Cornell Medicine-Qatar during the 2024-25 academic year.
Participants and Methods: Four functional neuroanatomy modules were developed: Brainstem Anatomy, Sensory Pathway, Motor
Pathway, and Cranial Nerves. Each module featured a 15 to 20-minute animated video and accompanying pre- and post-module
quizzes. Each module included 5-10 multiple-choice questions and labeling exercises targeting structure, function, and clinical
correlation relationships through distinct clinical scenarios. Thirty-six students participated in this study by completing one or more
modules. A survey was administered at the end of the final module to assess student perceptions of the modules' effectiveness, utility,
and overall satisfaction. Quantitative data were analyzed using paired samples t-tests to compare pre- and post-quiz performance and
independent t-tests to compare weekly quiz scores between participants and non-participants.

Results: Statistical analysis showed significant improvement in post-module quiz scores across all modules (p < 0.001), indicating
short-term learning gains. No significant difference was observed in official weekly neuroanatomy quiz scores between participants
and non-participants (p > 0.05), possibly attributable to students’ already strong baseline performance and access to multiple learning
resources. Survey responses reflected high satisfaction, with students praising the modules’ clarity, interactivity, and flexibility.
Conclusion: These findings support the effectiveness of neuroanatomy modules as a supplementary digital tool that enhances
comprehension and addresses neurophobia. However, limitations, including small sample size, lack of long-term retention assessment,
and reliance on quiz-based evaluation, warrant caution and suggest the need for more rigorous future studies.
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Introduction
Human anatomy, which include functional neuroanatomy (FNA), has historically represented a core educational
discipline among the basic sciences that develop foundational medical understanding.! Neuroanatomy, the study of the
structure and organization of the nervous system, provides the foundation for understanding the functional relationships
between these structures and their roles in the body. It is a cornerstone of medical education, essential for disciplines such
as neurology, psychiatry, and neurosurgery. Neurological disorders are among the leading causes of disability and
mortality worldwide. Over the past three decades, their prevalence has increased significantly, a trend projected to
continue as the global population ages.” This rising burden underscores the pressing need for comprehensive and
effective neuroanatomy training in medical education.’

Despite its central importance, neuroanatomy remains one of the most difficult subjects for medical students to
master.*> The nervous system represents one of the most challenging components of systemic anatomy education, given
its sophisticated knowledge requirements and the inherent difficulty of demonstrating internal structures like fiber

bundles and nuclei through gross specimens.® Unlike other anatomical systems that possess more easily recognizable
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features, the nervous system, particularly its central component, consistently proves difficult for students to master.’”
These difficulties are often attributed to the complexity of the subject matter, challenges in visualizing three-dimensional
structures, and a disconnect between basic science concepts and their clinical applications.>® This challenge is
exemplified by the term neurophobia, introduced by Jozefowicz in 1994, which reflects the anxiety and confusion
many students experience when engaging with neuroscience, neuroanatomy, and clinical neurology.'® Moreover, depict-
ing pathological specimens and interpreting their functional consequences and clinical relevance presents additional
challenges."'

Traditional pedagogical strategies such as lectures, textbooks, and cadaver dissection have long been foundational in
medical training, but they have notable limitations, including high costs, ethical concerns, and logistical constraints,
particularly in resource-limited settings.'? There is mounting awareness among anatomy educators that traditional
instructional approaches may obstruct the cultivation of students’ spatial reasoning abilities, which are vital for both
anatomical knowledge acquisition and academic achievement.'>'* Current research in anatomical education establishes
that effective neuroanatomy learning hinges on comprehending the sophisticated three-dimensional relationships that
exist between neural structures.'

In recent decades, neuroanatomy educators have experimented with a wide array of teaching innovations aimed at
enhancing comprehension, engagement, and fostering students’ spatial perception of anatomical structures, with some
success. These include three-dimensional simulations, computer-assisted learning, virtual reality, and integrated clinical
case-based instruction.'®™'® Nevertheless, the significant costs and technical expertise required have limited the wide-
spread implementation of these innovations across medical education programs.'® Alternatively, online modules have
gained traction for their flexibility, scalability, and potential to foster active learning.° Prior research has demonstrated
that such modules can improve student interactivity, conceptual understanding, and satisfaction, especially when
combined with formative assessments and video-based demonstrations.® Nonetheless, there remains a gap in the literature
regarding the impact of functional neuroanatomy-specific online learning tools on students’ ability to form meaningful
structure-function associations, an essential component for clinical reasoning.

In this context, there is a critical need for neuroanatomy curricula that are pedagogically sound, inclusive, cost-
effective, and adaptable to institutional and student-specific needs. We sought to meet this need by developing a series of
Functional Neuroanatomy online modules. These modules are designed to support second-year medical students during
the Brain and Behavior unit by integrating multimedia content, clinical correlations, and self-assessment questions. The
FNA modules were designed to reinforce core structure—function—clinical correlation concepts through digitally
enhanced content that is accessible flexibly and can be revisited as needed.

This study aimed to evaluate the effectiveness of these FNA modules in enhancing student learning outcomes and
satisfaction. Specifically, we sought to: (1) assess students’ perceptions of the modules as a learning tool; and (2)
compare the academic performance of students who engaged with the modules to that of the overall class cohort. In
doing so, we aim to contribute to the ongoing discourse on how best to teach neuroanatomy in a rapidly evolving
educational and clinical landscape, one that increasingly demands innovation, adaptability, and a student-centered
approach.

Materials and Methods
Study Design and Population

This study involved second-year medical students at Weill Cornell Medicine-Qatar (WCM-Q) enrolled in the Brain and
Behavior unit during the 2024-25 academic year.

Module Development and Platform

Four online FNA modules covering Brainstem Anatomy (module 1), Sensory Pathway (module 2), Motor Pathway
(module 3), and Cranial Nerves (module 4) were developed. Each module included a 15-20-minute animated video
accompanied by pre- and post-assessment quizzes. The FNA video modules were created using Clipchamp, an online
video-editing platform. Clipchamp was selected for its intuitive interface, ease of use, and robust editing features, which
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made it well-suited for quickly producing engaging and polished educational videos without requiring advanced technical
skills. For each module, a script was developed and followed to ensure consistency and alignment with educational goals.
The content of each video covered the basic neuroanatomy of a structure, relevant neural pathways and connections,
associated functions, and key clinical correlations. The development of the modules was guided by the established
learning objectives of our institutional neuroanatomy course, ensuring curricular alignment and relevance to students’
ongoing coursework. The modules were initially developed by a fourth-year medical student (Fatima Al Kubaisi) who
had previously completed the neuroanatomy course during the second year of the curriculum. Each module was
independently reviewed and approved by Dr. Mange Manyama, an anatomy professor with over 15 years of experience
teaching neuroanatomy, prior to deployment. This served as expert validation to ensure the educational and scientific
integrity of the content.

Deployment and Module Format
Modules were uploaded to a dedicated Canvas course site, separate from the main neuroanatomy course page. Students
were instructed to complete each module in a structured sequence

¢ Pre-module quiz
e FNA video
e Post-module quiz.

Modules were released weekly, running concurrently with the core neuroanatomy curriculum, allowing students to
integrate the material with their ongoing studies.

Assessment Design

Each quiz included 5-10 multiple-choice questions and an equal number of labeling exercises, both addressing the same
neuroanatomical concepts but using distinct clinical scenarios or anatomical perspectives. An additional file shows
sample of questions for module 1 and 2 (Supplementary Material 1). The pre- and post-module quizzes were time-limited

and allowed only one attempt, discouraging extensive external searching. Majority of the questions were designed to
assess the application of concepts rather than simple recall, requiring knowledge integration that would be difficult to
quickly search online. The Canvas learning management system was configured to present questions one at a time
without allowing backtracking. A neuroanatomy expert reviewed all questions to ensure comparable difficulty levels
between assessments.

Implementation and Data Analysis

Students were invited to participate in the study via email. The Email included a link to the Canvas page containing
four supplementary online FNA modules and their associated self-assessment quizzes. Participation in the study was
entirely voluntary, and students were assured that they could withdraw at any time without any consequences affecting
their performance or grades. Students were encouraged to complete all four modules, though they could choose to
complete any individual module if they preferred. Pre- and post-quiz scores were collected from Canvas and analyzed
after removing identifiers. To assess the effectiveness of the FNA online modules, comparison of students’ perfor-
mance in pre- and post-module quizzes were analyzed. Survey results were analyzed descriptively and presented using
tables and visual representations. The average scores of the Brain and Behavior unit’s weekly quizzes were also
compared between students who participated in the study and those who did not. Following last module completion,
students completed a 5-point Likert scale survey assessing the modules’ perceived effectiveness, utility, and overall
satisfaction. Paired samples t-tests were employed to compare pre- and post-quiz scores. Independent t-tests were used
to compare the average scores of the neuroanatomy weekly quizzes between students who participated in the study
and those who did not. The level of significance was set at 5%. Data analysis was conducted using IBM SPSS
Statistics.
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Results

A total of 36 students participated in this study. Of these, 32 completed Module 1, 31 completed Module 2, and 30
completed both Module 3 and Module 4. Following module completion, 32 students completed a survey assessing
perceived effectiveness, utility, and satisfaction with the FNA modules.

Canvas metadata revealed that 88.3% of students completed the post-module quiz within 2 hours of viewing the
module, while 11.7% did so between 224 hours later. Notably, the average post-module quiz scores were comparable
between these two groups, suggesting that the timing of quiz completion within this range had minimal influence on
performance.

To evaluate learning gains, paired-samples t-tests comparing pre- and post-module scores showed statistically
significant improvements across all four modules, with the largest gains observed in Module 3 and the smallest in
Module 2 (p < 0.001) (Table 1).

Additionally, we compared official weekly neuroanatomy quiz scores between students who participated in the study
and those who did not. These quizzes were administered on a fixed schedule to all students as part of the course. A two-
sample -test revealed no significant difference in performance between the two groups (p > 0.05; Table 2). Given the
small sample size and the absence of controls for external learning variables in the asynchronous format, these findings
should be interpreted with appropriate caution.

Student perceptions of the modules were largely positive. Survey responses indicated that most students agreed or
strongly agreed that the FNA modules enhanced their understanding of neuroanatomy, improved their approach to the
subject, and were a worthwhile use of their time. Participants also expressed a high likelihood of recommending the
modules to others (Figure 1). Open-ended comments reinforced these findings, highlighting the clarity and interactivity
of the modules. For example, one student noted, “These modules have been very helpful during my learning for FNA, as
they simplified complex topics” while another appreciated the self-paced design and interactive features, stating, “I
appreciated the flexibility to review the material at my own pace and found the interactive elements engaging and useful
for reinforcing my learning.”

While feedback was overwhelmingly positive, one student suggested reducing the background music volume to
improve audio clarity, an actionable point that will guide future module refinements.

Table | Comparison Between the Pre-Module Quiz and Post- Module Quiz

Scores
Pre-Score Post-Score Difference (Post-Pre) P-Value
Mean (SD) Mean (SD) Mean Difference (Cl)
Module | 47.57 (21.30) 73.26 (30.49) 25.69 (16.71-34.67) <0.001
Module 2 62.03 (29.02) 79.63 (27.63) 17.59 (8.92-26.26) <0.001
Module 3 43.05 (21.59) 79.63 (27.63) 36.57 (28.07—45.08) <0.001
Module 4 58.33 (31.49) 88.46 (27.83) 30.09 (21.07-39.12) <0.001

Table 2 Neuroanatomy Weekly Quiz Performance Between Students Who Participated in the Study and Those

Who Did Not
Module | | Module 2 | Module 3 | Module 4
Average scores for students who participated in the study 85.3 85.3 82 79.1
Average scores for the whole class 84.6 85.9 82.9 79.5
Average scores for students who did not participated in the study | 80.3 86.8 82.8 79.1
P-value 0.229 0.709 0.842 >0.999
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Strongly Agree (%) B Somewhat Agree (%) B Neutral (%)

The modules have enhanced my understanding of functional neuroanatomy

These modules foster critical thinking by training me to think about how to approach these concepts

| would use this resource again

These modules were an effective use of my time

| would recommend these modules to a colleague

T

0.

8

22.50 45.00 67.50 90.00

Figure | Students’ responses regarding the usefulness of the FNA modules.

Discussion

The integration of diverse online platforms into medical curricula has transformed traditional pedagogy, offering flexible
and self-directed learning opportunities tailored to modern students’ needs. This study contributes to that growing body
of work by evaluating the impact of a uniquely structured, expert-reviewed, and clinically oriented set of Functional
Neuroanatomy modules on student learning and satisfaction. Unlike many previous digital interventions, our modules
were embedded within a core course and aligned with clinical content, utilizing a scaffolded, interactive format. This
study not only assessed knowledge acquisition through pre- and post-module quizzes but also explored user engagement
and satisfaction.

This study’s strength stems from its carefully constructed pre- and post-module assessments that were equivalent in
content but used different questions, thereby reducing recall bias while preserving measurement validity. Canvas
metadata revealed that students who delayed completing the post-module quiz performed similarly to those who
completed it immediately after module use, suggesting retention of learning. These findings support the effectiveness
of the modules as a supplement to core instruction, especially given their emphasis on visualization, structured narration,
and clinical application. Importantly, the study design accounted for the broader learning environment. Students were
simultaneously engaged in lectures and small group tutorials, highlighting that the observed performance gains cannot be
attributed solely to the modules. Instead, the results likely reflect a synergistic effect in which the FNA modules
functioned as a reinforcement tool rather than a standalone instructional method. This aligns with studies emphasizing
the value of blended learning in reducing variability in learner outcomes and optimizing comprehension of spatially
complex subjects such as neuroanatomy.”'>* Previous studies have suggested that blending digital and traditional
learning methods may minimize variations in neuroanatomy education outcomes.?>*®

In comparison to existing literature, our findings are consistent with studies demonstrating the educational value of
interactive video content, simulations, and case-based learning in neuroanatomy education.****"-*® However, while many
prior interventions focused on stand-alone tools or optional supplementary resources, our modules were fully integrated
into the course structure and addressed real clinical scenarios, thereby enhancing contextual relevance. De Castro et al
similarly emphasized the need for digital resources that connect anatomical knowledge to clinical practice, a central aim
of our intervention.”

Despite the improvements observed in pre- to post-module performance, no significant differences were found in the
regular weekly neuroanatomy quiz scores between module users and non-users. The weekly quizzes are part of the
regular curriculum and were administered according to a fixed schedule for all students, regardless of their study
participation status. Our findings aligns with prior research showing that optional digital resources may not produce
measurable differences in exam performance among high-achieving student populations.>® One interpretation is that
students who did not engage with the modules may have compensated through other means, such as textbooks or peer
learning,” thereby reducing the observed effect size. Moreover, this finding reinforces the idea that online tools should be

viewed as complementary rather than replacement strategies for traditional teaching.*'
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The current study also captured student perceptions through an anonymous Qualtrics survey, which revealed high
levels of satisfaction. Students praised the modules’ clarity, clinical relevance, and effectiveness in simplifying complex
material. The ability to revisit content at their own pace was particularly valued, echoing prior studies that underscore the
importance of self-paced, modular learning.?'*? Some students did suggest minor audio adjustments, which offers
actionable feedback for future iterations.

While these results are encouraging, several methodological limitations must be acknowledged. The study was
conducted at a single institution with a small sample size, which constrains the statistical power and generalizability of
our findings. The synchronous nature of module delivery allowed students to access external resources during
assessments. While this is a common limitation in non-proctored online learning environments, the pre- and post-
quizzes were designed primarily to measure knowledge gain and learning impact rather than serve as formal
summative assessments. Nevertheless, we acknowledge that this format may introduce performance inflation and
limit our ability to maintain full control over academic integrity. Additionally, we were unable to control for external
study behaviors, which may have influenced performance. Student engagement with the modules may have varied, as
we did not track detailed usage patterns or time spent on each module. The study should be interpreted as preliminary
and exploratory, providing valuable pilot data to inform future research. Future studies should incorporate larger, more
diverse student populations, more rigorously controlled evaluation conditions, delayed post-tests to evaluate the
durability of learning gains, and assessment methods that better capture clinical application of concepts, which is
critical for clinical practice.

Conclusion

This study provides preliminary evidence supporting the use of online Functional Neuroanatomy (FNA) modules as
a targeted intervention to reinforce key neuroanatomical concepts in a clinical context. The observed gains in post-
module quiz scores suggest that the modules contributed to short-term learning of structure-function relationships. Unlike
prior research that broadly promotes online tools, our study specifically demonstrates how brief, scripted, clinically
integrated video modules, developed using a low-cost platform and validated by expert review, can effectively supple-
ment neuroanatomy instruction within a real-world medical curriculum.

However, the small sample size, synchronous assessment format, and lack of long-term retention evaluation limit the
generalizability of these findings and highlight the need for more robust, controlled studies. Despite these constraints, the
study offers a practical and scalable approach to enhancing neuroanatomy education and provides valuable pilot data for
future research into the effectiveness of targeted digital interventions in medical curricula.
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