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Abstract

The instructional techniques in neuroanatomy laboratories continue to evolve to
incorporate online interactive resources to improve student experience and
outcomes. This study aims to design an “all in one”Virtual Interactive Brain
Atlas (VIBA) that provides students with an educational resource that will
improve their knowledge of neuroanatomy while in the brain lab and provide
them with lab resources they can self-study and self-test. Coronal, midsagittal,
whole brain, and horizontal brain slices were used to create detailed descriptions,
interactive features, and quiz assessments to create VIBA. Upper level
undergraduate and optometry students taking a neuroanatomy one-semester
course were provided with VIBA for use during the semester. A paper survey was
distributed after completing the course to determine student perception. No
significant difference was indicated between the student groups regarding their
self-reported understanding prior to the brain lab (p= 0.194) and after the brain
lab (p= 0.308). There was a significant difference between the student
populations when stating that they strongly agreed that the online brain atlas
improved their understanding of neuroanatomy (p= 0.032) and that the VIBA tool
was easy to navigate (p=0.048). There was a significant difference between the
two student groups that strongly agreed that the online brain atlas quality was
sufficient (p=0.015). This online interactive brain atlas was created in a
time-efficient manner from readily available models and was well received by

experienced neuroanatomy faculty and students.

Introduction

Current approaches to teaching anatomy vary, making it difficult to determine the
best method for students' learning. Human donor-based dissection has been
regarded as the core instructional method in the gross anatomy curriculum for
decades. Many studies have researched the benefits of anatomical dissections,
stating that dissection leads to many advantages, such as an appreciation of whole
-body pathology, an understanding of variations in anatomy, enhanced hand
surgical skills, and an improved understanding of the ethical and moral ideals in
medicine [1, 2, 3].
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A specific subset of anatomy, neuroanatomy, is of particular difficulty for students across all
disciplines and levels [4]. Students find that visualizing the structures, the amount of information, and
the decreased time spent in the gross laboratory involved in learning neuroanatomy is particularly
challenging compared to other anatomical topics [5]. Additionally, the complexity of the
three-dimensional structure of the brain makes learning neuroanatomy even more complex, challenging
students to think about the depths and spatial relationships [6]. Many schools are reducing laboratory
hours for teaching neuroanatomy [7], because of limited availability of brain specimens [8, 9, 10, 11,
12], and a reduction in qualified faculty [13, 14, 15, 16, 17]. Further complicating the teaching of
neuroanatomy is the increased anxiety, disinterest, and dislike students have around the subject [18, 19,
20].

To approach these challenges, educators have used different methods such as digital learning resources.
Students benefit from having optional digital learning anatomy resources in addition to their traditional
lecture-lab-based anatomy courses as these are founded on different teaching approaches/characteristics
essential for practical and theoretical skills [21, 22, 23, 24]. Studies have shown in-person instruction
through didactics and dissections is still superior and more essential compared to digital-only
instruction [25, 26]. However, students have shown increased benefit from having digital learning
anatomy resources in addition to their traditional lecture-lab-based anatomy courses [21, 22, 23]. This
suggests a multimodal approach, using both in-person experience and online resources, to be a more
well-rounded approach [25, 26, 27].

Additionally, repeated testing has been shown to facilitate students' learning and aid in enhancing
students' retention of human anatomy [28]. Assessments can range from quizzes, lab practicals,
presentations, written assessments, etc. Regardless of the type of assessment, testing increases a
student's understanding of the material, students' confidence in their learning, and better self-evaluation
of their understanding of the material [25, 26, 27]. However, neuroanatomy tends to lack practical

assessments and alternative learning tools (such as online tools) [29].

To aid students with a better understanding of neuroanatomy, we developed a comprehensive online
learning tool called the VIBA that would facilitate gross lab and at-home learning, by not only enabling
them to view brain sections outside the lab, but most importantly providing students with self-testing
tools. We hypothesize that the integration of the newly developed tool, VIBA, into neuroanatomy
courses would benefit student learning by providing a supplemental study resource they can use for

neuroanatomy both in laboratories and at home.

Experimental Procedure

Development of the Virtual Interactive Brain Atlas (VIBA) Study Tool

Image Acquisition

Plastinated brains (Von Hagans Inc, Guben, Germany) in coronal, horizontal, midsagittal, and whole

brain sections were imaged to create the atlas. Four coronal sections were imaged, both rostrally and

caudally, totaling eight images.

1. Six horizontal sections were imaged, with three being imaged both superiorly and inferiorly and
the remaining three being imaged only from one view, either superiorly or inferiorly, totaling nine

images.

2. One midsagittal right-sided section was imaged both medially and laterally, totaling two images.
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3. One whole brain was imaged, both ventrally and laterally, with the lateral view being imaged on

the left side, totaling two images.
Overall, there are twenty-one total images taken for the study tool.
Tool Development

Images were uploaded to Microsoft PowerPoint (Microsoft Corporation, Redmond, Washington,

United States), and action buttons were integrated into the tool, allowing for interactive features.

The VIBA study consisted of two "homepages," one for review mode (Fig 1A) and one for practical
mode (Fig 2A). On the review mode homepage (Fig 1A), users had access to beginners' instructions,
additional action buttons, and a variety of brain sections. Also, note that some of the brain sections

have only one view while others have two.

In order to access the VIBA interactive feature, users had to be in slide show mode. Next, to begin
reviewing, users were able to click on the colorful boxes located on the review mode homepage (Fig

1A) with the corresponding brain section they wished to review.

By clicking the colorful box, the user was redirected to the main page of that section (Fig 1B). The user
could then choose the view they wish to review and, when clicked on, would be taken to a list of
identifiable structures for review (Fig 1C). Users could then choose the term they wish to review and,
when clicked on, would be navigated to a page that included the structure highlighted and a definition
provided (Fig 1D).

VIBA HOMEPAGE! ‘&

BLGANIRS NSTRUCTIONS.

Identifiable Structures: A-Z

Antarior Ui of tetmensd Capaaien

CLICK HERE to RETURN to

Lateral Ventricles

§ " ot v . telencephalon
B y ar & - + Choroid plexus in walls >» major site of CSF production.

Figure 1. VIBA Plastinated Brain Review Mode: Homepage. (A) Review Mode Homepage. (B) The main page of the brain
section. (C) List of identifiable terms for brain section. (D) Reviewed structure.
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Figure 2. VIBA Plastinated Brain Practical Mode. (A) Practical Mode Homepage. (B) The main page of the practical mode
section. (C) Question. (D) Answer Key

On the practical mode homepage (Fig 2A), users were provided with a total of one hundred and eight
coronal section exam questions, seventy-four horizontal exam questions, forty-six midsagittal section
exam questions, and fifty-six whole brain exam questions. Once selected, users would be navigated to a
section page (Fig 2B), allowing them to either begin the exam or view the answer key. Once users
launched the exam (Fig 2C), they had two review options. Option 1 involved taking the entire exam in
numeric order, keeping track of their answers on paper. Afterward, users would have the opportunity to
check their answers. Option 2 allowed users to check their answers after each question by clicking the
“key” icon (Fig 2D). Users could also click the "question mark" icon next to the answer key to return to
the structure in the review mode section (Fig 1D). After reviewing, users could then click the skull icon
in the bottom right to return to the answer key (Fig 2D). Users could then click "Return to Practical

Exam Review” and move on to the next question.

Overall, the process of creating the interactive brain atlas took approximately six months to develop,

create, and revise. Revisions included informal analysis from instructors.

Methods and Materials
Operational Definition of Terms:

Faculty — full time anatomy and physiology professors employed by Department of Cell,

Developmental and Integrative Biology, School of Medicine, University of Alabama at Birmingham.

Students — for the pilot study — students enrolled in the Masters of Anatomical Sciences at the

University of Alabama at Birmingham.

Students — participating in the survey described in manuscript — first-year optometry students enrolled

in Neuroscience course and undergraduate students (juniors and seniors) enrolled in Neuroscience
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course.

Faculty Pilot Study: An institution-based pilot study was conducted prior to the implementation of the
tool into the curriculum and given to anatomy instructors and students in the Masters of Anatomical
Sciences at the University of Alabama at Birmingham (UAB). Both faculty and students were given the
study tool and asked to review the structures, functions, and practice questions for its accuracy,
effectiveness, and ease of navigation. Several weeks were given to assess the tool, and positive results
were obtained from a majority argument stating that the tool would be beneficial in the curriculum and

aid as a supplemental neuroanatomy study resource for students.

The Tool's Novel Aspects: The tool was created using plastinated brain specimens located at UAB. In
addition, the interactive features and toggle function between practice questions make it unique
compared to other neuroanatomy tools. The practice questions embedded in the tool were designed to
align with the UAB curriculum and represent questions/structure identifications that students will see
when they take their lab assessment. Moreover, the structures, definitions, and practice questions were
created and reviewed by anatomy instructors at our institution, validating the tool's accuracy and ability
to be effective in supporting students' knowledge. Anatomy faculty and students confirm that there is
no other tool made by our institution that aligns better with the neuroanatomy curriculum than VIBA.
In addition, copyright was obtained after the tool's creation (Intellectual Property Disclosure Number:
U23-055-Apr 5, 2023).

Distribution of the VIBA Tool: Two populations of students were assessed: first-year optometry
students in a Neuroscience course and undergraduate students enrolled in a Neuroscience course tai-
lored to their respective levels. Both courses incorporate a balanced basic science view of the structure
and function of the nervous system to prepare and provide them with working knowledge of the struc-
ture and function of the nervous system with perspectives that range from molecular to behavioral. In
addition, both courses consist of interactive didactic sessions and real brain lab experiences exposing
students to the various regions of the brain. Both courses have a nearly identical brain structure list

requiring students to find and review various anatomical features/structures in the human brain.

The VIBA study tool was integrated into the undergraduate and optometry neuroanatomy course
curriculum. Students were given 24/7 access to the brain atlas for the length of their semester course.

Students could access the study tool both in class and outside of the classroom.

Student Perception Survey Distribution: The survey included Likert scale items, multiple-choice style
questions, and open-ended questions. The Likert scale items measured participants' perceptions and
experiences related to the study tool's effectiveness. The first set of Likert scale items ranged from 0
(none) to 4 (excellent), and the second set of Likert items ranged from 0 (strongly disagree) to 4
(strongly agree). The multiple-choice style questions asked if participants used the study tool outside of
the lab with answer options including Yes, No, and Maybe. The open-ended item asked students to
provide any additional comments regarding their experience with the online brain atlas tool. The survey
was in paper format and distributed at the end of the student's semester. All students' responses were
anonymous and kept in a locked room with responses entered on a password-protected computer of the

researchers.

Data Analysis: Data was initially uploaded to Microsoft Excel (Microsoft Corporation, Redmond, WA)
for storage and cleaning. Data was then transferred to SPSS, version 29 (IBM Corp., Redmond, NY).
Likert scale responses are reported as mean + standard deviation. Significant differences in optometry

and undergraduate student perceptions were determined by an independent sample t-test. Statistical
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significance was set at p < 0.05. Cronbach's alpha was calculated to assess the internal consistency and

reliability of the survey instrument.

For free responses, a thematic analysis was conducted. Themes were determined and assigned to
comments submitted by students via three independent investigators. Differences in themes were
discussed amongst investigators and were resolved. Themes were reported as overall number (n) and as

a percentage (n/student responses*100).

Ethical Considerations: This study was granted exempt status (IRB #300010425) by the Institutional
Review Board of the University of Alabama at Birmingham (UAB).

Results

To analyze the effectiveness of the VIBA study tool, a post-survey was conducted on a total of 67
participants: 44 optometry students and 23 undergraduate students. All students from each course
participated in the survey. Participants were asked to describe their perception on a Likert scale
(Cronbach’s alpha = 0.595).

Students were asked to rate their understanding of neuroanatomy prior to and after the brain lab using a
Likert scale ranging from 0 (none) to 4 (excellent). The majority of optometry students rated their level
of understanding of neuroanatomy prior to the brain lab as poor (24 out of 44, 54.5%). The majority of
undergraduate students rated their level of understanding of neuroanatomy prior to the brain lab as poor
(11 out of 23, 47.8%) or average (10 out of 23, 43.5%). Overall, participants felt their knowledge of
neuroanatomy prior to teaching in the lab was not adequate for both undergraduate (1.35 + 0.647) and
optometry (1.39 + 0.945) students (Figure 3). No significant differences were seen in compared
responses for optometry and undergraduate students when rating their understanding of neuroanatomy
prior to the brain lab (p = 0.194).

In comparison, most optometry students rated their understanding of neuroanatomy after the brain lab
as good (24 out of 44, 54.5%) and excellent (19 out of 44, 43.2%). The majority of undergraduate
students rated their level of understanding of neuroanatomy after the brain lab as good (11 out of 23,
47.8%) or excellent (10 out of 23, 43.5%). Compared to prior brain labs, many students felt their
knowledge of neuroanatomy was sufficient for both undergraduate (3.35 = 0.647) and optometry (3.41
+ 0.542) students (Figure 3). No significant differences were found between groups (p = 0.308).

Rate your understanding of neuroanatomy prior to brain lab.

Rate your understanding of neuroanatomy after brain lab.

Likert Scale

w Undergrad m Optometry

Figure 3. Post-course survey on participants' understanding of neuroanatomy prior to and after brain lab. The 5-point Likert scale
is as follows: 0 = none, 1 = poor, 2 = average, 3 = good, and 4 = excellent. Results from the rating prior to the brain lab:
Undergrad (orange) 1.35 + 0.647, Optometry (blue) 1.39 + 0.945. P-value= 0.194. Results from the rating after brain lab:
Undergrad (orange) 3.35 + 0.647 Optometry (blue) 3.41 + 0.542. P-value= 0.308. Data is shown as Mean + SD.
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The online brain atlas improved my understanding of neuroanatomy.

The online brain atlas was easy to use and navigate.

The online brain atlas quality was sufficient.

1] 1 2 3 4 5
Likert Scale

® Undergrad m Optometry

Figure 4. Post-course survey on participants' experience. The 5-point Likert scale is as follows: 0 = strongly disagree, 1 =
somewhat agree, 2 = neither agree or disagree, 3 = somewhat agree, and 4 = strongly agree. Results from the Likert rating of the
online brain atlas improved my understanding of neuroanatomy. Undergrad (orange) 3.78 + 0.518, Optometry (blue) 3.91+
0.362. P-value= 0.032. Results from the Likert rating of the online brain atlas were easy to use and navigate: Undergrad (orange)
3.52 £ 0.790, Optometry (blue) 3.77 + 0.605. P-value= 0.048. Results from the Likert rating of the online brain atlas quality were
sufficient: Undergrad (orange) 3.65 £ 0.0.487, Optometry (blue) 3.84 + 0.428. P-value= 0.015. Data is shown as Mean = SD.

Students were asked to rate a series of Likert scale questions ranging from 0 (strongly disagree) to 4
(strongly agree). A large majority of students felt that the online brain atlas improved their
understanding of neuroanatomy for optometry (3.78 + 0.518) and undergraduate (3.91 = 0.362). A
significant difference was found between groups (p = 0.032), with 93.2% (41 out of 44) of optometry
students and 82.6% (19 out of 23) of undergraduate students stating that they strongly agreed that the
online brain atlas improved their understanding of neuroanatomy. A significant difference was found
between groups when students were asked to rate if the online brain atlas was easy to navigate (p =
0.048), with 84.1% (37 out of 44) of optometry students and 65.2% (15 out of 23) of undergraduate
students strongly agreeing that the VIBA study tool was easy to navigate. Overall, optometry students
more strongly agreed (3.77 + 0.605) than undergraduate students (3.52 + 0.790). A similar significant
difference was found (p = 0.015) when students were asked to rate the quality of the online atlas, with
86.4% (38 out of 44) of optometry students and 65.2% (15 out of 23) of undergraduate students stating
that they strongly agreed that the online brain atlas quality was sufficient. Overall, they strongly agreed
more (3.84 £ 0.428) than undergraduate students (3.65 + 0.487) (Figure 4). Next, participants were
asked if they used the brain atlas to self-study at home. Significantly more undergraduate students
(95.7%, 22 out of 23) reported using VIBA to self-study at home, compared to the optometry students
(90.9%, 40 out of 44; p = 0.020) Table 1.

Table 1. Participants perception of the brain atlas tool

Question g?«f/f,’inﬁm) El(l,,% igrf/;gl)late P-Value
Q3. Did you use the online brain atlas tool to self study at home?

1- Yes 40 (90.9%) 22 (95.7%)

2- Maybe 0 (0.00)% 1 (4.3%) ’

3-No 4 (9.1%) 0 (0.0 %)
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Table 2. Summary of additional participant’s comments/suggestions.

Q4. Please provide any additional
comments in the space below Optometry Selected comments Undergraduate Selected comments
regarding your experience with n (%=n/37) | (Optometry) n (%= n1n/15) (Undergraduate)
the online brain atlas tool.
« “The online brain atlas was
. . It was extremely help- extremely helpful in solidifying
Helpful/useful for studying/learning.| 20 (54.1%) ful to have this resource| 12 (80%)
N the neuroanatomy that was
for studying. . »
learned in the lab.
“Easy to navigate and pictures
“VIBA made neuroan- matched what was asked in labs.
Easy to navigate 7 (18.9%) atomy extremely easy | 2 (13.3%) So good/almost doesn't need
to learn! “ instructions for how to
navigate..”

. . . “I would appreciate further
Suggestlon ofaddn.lg more brain 0 (0.0) NA 4 (26.7%) details about the functions of the
sections/more detail added brai -

rain structures.
“VIBA was an
excellent tool to study “My favorite part about this
. . o the different parts of o tool is that we didn't have to
Having access outside of the lab. 2 (5.4%) the brain following 1 (6.7%) be in the lab to improve our
the lab and prior to understanding”
exams.”

*For optometry, 7 respondents responded saying “NA.”
*For undergraduates, 8 respondents responded saying “NA.”

Participants were asked to provide any additional comments regarding their experience with VIBA on
free-response questions. The majority of the participants found the brain atlas to be helpful and
beneficial to their learning. In addition, many participants found the study tool easy to navigate.
Specifically, a few described their appreciation for having a study tool accessible outside the brain lab.
While most students did not have elements/features of the tool they particularly did not enjoy, some
suggested the need for more information and brain sections to be incorporated into the study tool.

Please refer to Table 2 for a summary of these results.

Discussion

Our study aimed to create an online interactive brain database to facilitate students' learning in
neuroanatomy courses. Results show that students perceived VIBA as a successful teaching tool that
facilitated the efficacy of their neuroanatomy learning process, regardless of learning level. Responses
also showed that students appreciated the comprehensive nature of the resource and how the atlas was
tailored to our students' curriculum. In addition, our brain atlas contained a dictionary that allowed
students to review terms in the same resource they were reviewing structures, which was a significant

factor in the tool's development since students often prefer an "all-in-one" study resource [29].

The success of VIBA could be explained by a variety of components. While our tool provided the
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majority of the structures listed in the students' course syllabus, some structures could not be obtained
due to the lack of plastinated brains available for use, which may have led to comments regarding the
need for more structures and details in the brain atlas (Table 2). The human brain is unique per
individual, and if students rely solely on our study tool as their resource for learning, their perception of
the human brain may be misinformed into thinking that all brain slices are symmetrical and resemble
one another. The concept of variability seen in anatomical structures deepens students' understanding of

the human body and its way of functioning [31, 32].

Moreover, the high-quality images along with the details of the slices chosen could have contributed to
the tool's success, allowing students to visualize an extensive amount of structures per slice and
supporting the increased quality of the tool. Often, in the gross anatomy brain lab, students have to look
through multiple brain slices to find the exact structure they are reviewing. With VIBA, students can
find, if not every structure needed, to review per slice. However, limitations exist within this because

students are unable to see variations.

Next, a potential success factor could have been the ability of students to answer practice questions on
each structure. Studies have found that students' overall scores on exams increase when practice
questions are available. Having your knowledge tested also allows students to see gaps in concepts
prior to a formal assessment [33, 34, 35]. Students are able to focus more of their attention on
improving their understanding of the concepts/topics by using these proactive approaches. Moreover,
incorporating more practice assessments into students' learning can lead to higher examination success

and retention of the material.

In addition, the interactive features embedded into the PowerPoint tool may have contributed to the
success and enhancement of students' learning. Interactive learning resources positively correlate with
student engagement and promote an active learning environment [36]. A virtual interactive
model-based study tool creates a personalized learning experience and deviates students away from
passively studying [37]. The positive impact on student retention with interactive learning resources
has been shown to lead to enhanced learning [38]. In addition, more diverse needs are met when
interactive learning is incorporated by catering to different learning styles. Additionally, interactive

features lead to immediate feedback and real-time reinforcement of learning.

Lastly, a potential reason for the tool's effectiveness on students' positive perception and understanding
of neuroanatomy could have been the ability for students to use it at home. 24/7 access to a resource
allows students to review the material at their convenience. Giving students the option to review
material at the time that best supports their learning has been shown to increase students' satisfaction
[39, 40, 41]. The flexibility of the use of the tool allows students with a variety of schedules and
outside commitments to benefit. Furthermore, long-term retention and consistent habits can be

prompted by continuous access to supplemental learning resources.

Limitations

Although our online study tool was perceived as useful and effective in students' learning of
neuroanatomy, our study did have limitations. Limitations include, but are not limited to, creating icons
that make the brain slices easily viewable and incorporating the necessary identifiable structure terms
without decreasing the visibility quality of the product. The VIBA tool is a large file size, leading to
potential limitations. In addition, the software we used for VIBA does not have the capacity to track
student usage. Next, while Microsoft PowerPoint software was sufficient for our current VIBA version,
adding a vast amount of imaging would be beneficial to students but could potentially decrease the
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speed of the software, resulting in lower user satisfaction. Limitations regarding data collection include,
but are not limited to, having a small sample size, comparing two student populations of different a
cademic levels, not assessing the difference across more demographic factors, and not comparing
grades to pre/post-VIBA use. Finally, the survey questionnaire's brief nature could have prevented

important information from being completely captured.
Future Directions

In order to provide additional imaging, an MRI component has been approved and will be incorporated
into the VIBA study tool using a single individual's MRI T1-weighted scans. The individual is uniden-
tified and consented to be used in the study tool. The goal is to use MRIcron, a cross-platform NIfTI

format image viewer, to scan images that closely resemble the plastinated brain slices.

Conclusion

Overall, our study confirmed that providing a newly developed interactive study tool as an additional
resource for students benefits their learning of neuroanatomy. The Virtual Interactive Brain Atlas
(VIBA) was a successful study tool in increasing the students' effectiveness and efficacy in
neuroanatomy both in laboratories and at home. Thus, the VIBA study tool should be used in future

neuroanatomy courses as an additional study tool for students.
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