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ABSTRACT 

UNDERSTANDING NEUROANATOMY IN A VIRTUAL 3D ENVIRONMENT: 

CREATION AND USE OF A NEW SURVEY TOOL TO EVALUATE THE EFFECTIVENESS OF 

3D SOFTWARE IN NEUROANATOMY EDUCATION FOR UNDERSTANDING SUPERFICIAL 

AND DEEP BRAIN STRUCTURES 

Akash Khare 

November 30, 2022 

Visualization is an important factor determining success in science and technological 

fields. Neuroanatomy education can be tricky as it contains many deep and complex structures 

that can be difficult to visualize and understand. Students often face difficulties regarding their 

position, structure, and spatial relationships, leading to a fear of neuroanatomy. Studying cross-

sections is a critical approach to learning and testing knowledge in neuroanatomy and is used 

clinically in radiological examinations. Cadaver-based learning is essential, but its use has been 

decreasing over time, and the role of 3D technologies have been gradually increasing in medical 

education, especially after the COVID-19 pandemic, which caused the prolonged closure of 

schools and colleges across the world. Regular 3D software on 2D screens is the most used 

technology (as virtual reality is still in its nascent stage) and has been shown to enhance learning 

regardless of initial spatial abilities. Many other studies show mixed reviews and often lack an 

appropriate instrument to measure the effectiveness; hence a new survey was created. 

The prospective study was conducted during school shutdowns as an immediate 

response to the COVID-19 pandemic in a quasi-experimental one-group pre-post interventional 

design in an online setting by creating, implementing, and evaluating the effectiveness of a virtual 

lab in neuroanatomy for all neuroscience students enrolled in the Fundamentals of Neuroscience 
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course in our department at the University of Louisville (ASNB 502/602). The study population 

consisted of a total of 35 students, which included 25 undergraduate and ten graduate students. 

There were more female students overall (57%) and in the undergraduate population (64%), but 

graduate students consisted of a male majority (60%). Study modules were created using the 2D 

resources used in previous years and 3D web applications of Visible Body and 

AnatomyLearning.com software. A newly developed 13-item Reaction-Relevance-Result survey 

measured the effectiveness of these resources, along with Confidence in topics survey 

instruments and tests, and involved both quantitative and qualitative analysis. The surveys were 

based on pre-validated and widely used Kirkpatrick and ARCS models and other surveys. They 

were tested for validity by factor analysis, Cronbach's coefficient alpha, and other correlations. 

The use of surveys along with tests gives a more balanced picture and student side of the story. 

Results of the study confirmed the advantages of using 3D software for neuroanatomy 

education in increasing student engagement, learning, confidence, and performance, with mostly 

large effect sizes for the pre-post effects on the RRR and Confidence in topics surveys and test 

results, while other significant group differences observed in this study mainly were with medium 

effect sizes. The study sheds some light on social need and justice regarding the utility of 3D 

intervention to bring equitable learning among all genders and academic levels without any 

effects of earlier performances. Female students, while facing little difficulties while studying the 

2D resources (due to differences in innate spatial abilities) and may encounter some usage-

related barriers for 3D software, found these 3D resources to be as helpful as the male students 

did and performed equally as well. While the outcome for female students might be equal to male 

students, 3D software provides benefits over 2D resources more to female students than male 

students, bringing in some social justice. This is important in neuroscience education which has 

shown increased participation by female students and may one day be dominated by the female 

gender due to changing demographics in neuroscience and other fields of science and 

technology. The study also uncovered some bias in student perception of the advantages of 3D 

software for students with any previous neuroanatomy experience, suggesting that novice 

students (but not necessarily young) are more comfortable using these 3D resources. However, 
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they performed the same as experienced students. Qualitative analysis showed that the 3D 

software brings in more accessibility, manipulation of views, and dissection features, leading to a 

better overview and spatial understanding of the brain, especially for deeper structures. However, 

the software needs to add more clinical material and evolve to provide more realistic renderings 

and smoother runtime. 

The student insight regarding their knowledge of topics was better only after the 3D 

intervention; hence the use of surveys can be inadequate for less effective interventions without 

considering test results. 3D software increased understanding of superficial and deep structures 

but was more beneficial for deeper structures, thus bridging the difficulty gap between superficial 

and deep structures. When combined with the effect of gender, this influence may support our 

finding that the equality brought upon by 3D software may not be accurate as the overall 

perception and scores may seem equal but the gender differences seep deep down cognitively to 

complex and deeper levels where female students benefit more from the superficial structures, 

and male students benefit more from the deep structures, leading to male students being more 

successful in narrowing the difficulty gap between the superficial and deep structures. Further 

training on spatial abilities and prolonged use of 3D software may eventually lead to these 

differences fading away. The goal of the study was not to prove that 3D technologies should 

replace 2D resources or cadaveric dissection but to suggest that a multi-dimensional approach 

may be a better method for providing neuroscience education instead of a single (2D) or bi-

dimensional approach (2D + cadavers) that is mainly used in schools. 
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INTRODUCTION 

Anatomy education and various modes of teaching 

Science, technology, engineering, mathematics, and medicine (STEMM) disciplines are 

heavily loaded with text material that needs visualization for a clear understanding; medical 

sciences, and especially its most critical foundational branch, the anatomical sciences, contains a 

lot of structures and their relationships that can only be comprehended with proper visual 

resources (Naaz, 2012; Gillbert, 2007). Anatomy education builds the foundation for medical and 

surgical sciences. However, studying anatomy requires high levels of spatial visualization as the 

body is a complex system of various structures arranged in complicated relations. Also, it keeps 

getting more and more complicated over time as technological advances and new research leads 

to the addition of more information to learn and retain (e.g., the growing importance of imaging 

studies). 

Neuroanatomy in particular can be challenging, especially when studying deep and 

complex structures and their interrelationships (Schon et al., 2002; Flanagan et al., 2007). It 

becomes especially troublesome when much material has to be studied in a short amount of time 

with fewer resources; if these resources are ineffective, students are left with much discomfort 

and bitterness; 'Neurophobia' is frequently used to describe the fear of neuroscience (Jozefowicz, 

1994; Zinchuk et al., 2010; Flanagan et al., 2007). Medical students and physicians often feel that 

neuroanatomy is their Achilles' heel as their knowledge of it is inadequate compared to other 

subjects and disciplines, leading to difficulties in diagnosing and treating neurological disorders 

and a decrease in preference for entering the field of neurology, while neurological conditions 

constitute a significant part of acute hospitalizations and inpatient care of an aging population 

more susceptible to these disorders (Allen, 2018; Sotgiu et al., 2020). Moreover, it is not easily 

possible to dissect and study complicated structures like the brain's deep cortical nuclei and white 
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matter tracts; hence, courses do not teach their organization, function, and clinical correlates with 

great detail, leading to incomplete neuroanatomy education (Latini & Ryttlefors, 2019).   

Cadaver-based learning in human anatomy is considered the gold standard by many 

academics. While it may be interesting to encounter variations in anatomical structures seen in 

actual donors compared to some abstract description in a textbook, it necessitates allocating a lot 

of time and money in the form of donor numbers, infrastructure, and other resources; also, it 

faces challenges like public perception, scarcity of donors, expensive facilities and labs, proper 

handling of cadavers, and associated health risks (Kuyatt, 2012; Wang et al., 2020). PowerPoint 

presentations, plastic and clay modeling, X-ray and other radiological imaging, drawing and 

learning surface anatomy on volunteers, peer-teaching, clinical integration, and problem-based 

learning (PBL) are a few of the resources and learning environments that were developed to 

enhance learning in anatomy to supplement cadaver-based learning.  

The role of technology has been gradually increasing in education, also popularly known 

as E-learning, especially recently due to growth in the tech industry. This led to increased online 

platforms, 3D software/apps on mobile devices, computers, Virtual reality headsets, and 3D 

printing applications. These new technologies bring adaptability, accessibility, ease, safety, and 

cost-efficiency to an educational system that often lacks resources. It brought the student-friendly 

concept of asynchronous e-learning, where the students get to study virtually at their own time 

and pace, and the 'flipped classroom' approach, where students can use their official school 

hours more efficiently, hence the increased demand by students for recorded lectures. Also, the 

rendering ability and quality of images and animation have been greatly improved and are visually 

more realistic than static images reproduced in many traditional 2D resources. 
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Evolving crisis in anatomy education 

Anatomical sciences education can often be challenging due to the complex and 

voluminous study material that sometimes has to be studied with limited time and resources. This 

is not a new problem; Eldred and Eldred (1961) pointed out that the deficit in teaching faculty has 

always been present, and the anatomical teaching hours in medical schools gradually decreased 

from over 800 hours at the start of 20th century to around 330 hours on an average around the 

1950s. Presently this number lies somewhere in the 80-200 hours range for most schools but 

may further disappear in many places due to plans for a totally clinically-oriented medical 

education (Allen, 2018; Arantes et al., 2018). 

Decreased funding is an essential issue in post-modern times of financial crisis, and 

courses often get restructured so that students graduate faster and cheaper (Brenton, 2011). 

When medical schools face much crisis of time and resources, it is not surprising that education 

of nursing and allied health professionals face even more severe budget cuts (Kuyatt, 2012). 

They are equally involved in patient care and are very interested in but systematically excluded 

from advanced courses in neuroanatomy or gross anatomy leading to resentment and a lack of 

knowledge and skills (Latini & Ryttlefors, 2019). Anatomy education at high school and 

undergraduate levels face similar, if not more, crises. 

A significant decline in teaching hours dedicated to anatomy has been observed in many 

countries (Brenton, 2011; Wang et al., 2020; Craig et al., 2010), and a shortage of cadavers and 

other resources has been present since historic times; it was essential to keep developing more 

effective and efficient learning methods for teaching anatomy. Moreover, COVID-19 greatly 

impacted higher education and research in the health industry as many medical, dental, nursing, 

and other professional schools were forced to suspend or reduce in-person lectures and labs for 

almost a year (Attardi et al., 2020). As schools suspended classes and implemented stay-at-

home policies, they were forced to adopt a distance learning/remote model for didactic teaching, 

where all classes were held online with the help of web-based learning (Deery, 2020; Kogan et 

al., 2020; Desai, 2020; Ahmed et al., 2020; Chick et al., 2020; Sahi et al., 2020; Newman & 
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Lattouf, 2020). A challenge in this transition was to ensure that the students have a similar 

learning experience and are assessed as previously to ensure their competency as graduates 

(Deery, 2020).  

Evolution of newer technological solutions 

Students frequently face problems understanding and memorizing neuroanatomy, which 

leads to a constant need for additional resources. Availability of cadavers can be limited due to 

decreased time and resource allocation; hence computer-based learning environments in the 

form of various online and offline platforms and software have been commonly used in 

neuroanatomy education by many medical schools (Naaz, 2012). These technologies keep 

evolving and can give beautiful and realistic human brain renderings. They are developed using 

actual clinical data from MRI/CAT scans and fresh/cadaveric sections, sometimes involving multi-

institutional collaboration and grand projects like the Visible Human Project and Human 

Connectome Project. They are less expensive than a dedicated cadaver for each student. They 

can be easily accessed much more quickly (even remotely/online on a mobile device) and more 

frequently, leading to flexible learning. They also allow better interaction and manipulation of the 

brain through tools like reversible virtual dissection, slicing, rotation, and zooming, while retaining 

the tag/labels of these structures to promote and enhance exploration. 

Various research has been conducted on the use and applicability of web resources and 

computer-assisted learning for learning anatomy, where these tools can be used to visualize and 

understand 3D structures and the spatial relationships between them (Wang et al., 2020). Various 

technologies have been tested and put in use for anatomy education, like visualization of 3D 

structures on a 2D screen via 3D software, use of 3D glasses (polarized and anaglyph types used 

in 3D movie theatres), and screens (with stereo display and digital hologram technologies), and 

virtual reality and mixed/augmented reality (VR/AR, where a head-mounted device is used to 

project 3D images to the eyes). VR/AR is a preferred way of learning by students and greatly 

benefits motivation, learning, and long-term retention of nominal and spatial information through 

reduced cognitive load on the mind of the subject, but it suffers from drawbacks such as novelty 
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issues requiring training to mitigate it, and distractions, dizziness and discomfort issues requiring 

adaptation (Wang et al., 2020). While all the 3D technologies can be very effective, their use and 

applicability are limited by their availability and ease of access. That is why one of the most tested 

and used technology is 3D software for computer/mobile on a 2D screen, though virtual/mixed 

reality is expected to take over in the future. 

The replacement of cadavers with 3D software is undesirable and frowned upon by many 

in the medical education community (Papa et al., 2022). Nevertheless, studies have shown that 

adding a 3D model increases the effectiveness of lecture-based and web-based courses (Allen, 

2018; Wang et al., 2020). Even in studies where increased effectiveness is not proven, students 

strongly suggest a multidimensional approach and often demand lectures be supplemented with 

3D resources (Hu et al., 2010; Wang et al., 2020). Hence it may be beneficial to teach lectures on 

interactive 3D software along with traditional 2D PowerPoint presentations or use these 3D 

resources as a primer or supplement, if not a replacement for cadaveric labs. 

Technology-related solutions supported teaching and learning during school closures 

during COVID-19. Faculty leaned on various pre-developed programs to adjust quickly to this 

new distance learning/remote model (Deery, 2020). As the pandemic continued for over a year, 

faculty felt the need to continue to use and integrate new methods of online learning, and schools 

of higher education were forced to temporarily re-evaluate the curriculum until faculty and 

students were able to return to in-person classes (Deery, 2020; Kogan et al., 2020; Desai, 2020).  

While an exclusively online curriculum is neither desired nor necessary post-pandemic, it 

is likely that some form of it will be retained as a permanent change and will mark the beginning 

of a new virtual era in education and research (Deery, 2020; Kogan et al., 2020; Desai, 2020). As 

we move forward with these web-based distance learning experiences, it is essential to evaluate 

the applicability and effectiveness of these programs and their role in the future classroom (Sahi 

et al., 2020).  
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Sectional Neuroanatomy and use of 3D software 

Sectional neuroanatomy has been used in various studies to measure the effectiveness 

of visualization tools, as it is an essential aspect of anatomy and has applications in other fields 

like pathology, radiology, and surgical sciences (Chariker et al., 2011, 2012; Pani et al., 2013). It 

is based on two-dimensional representations of the (primarily three-dimensional) structures from 

gross specimens or radiological (MRI or CAT) scans in various planar views as traditionally 

printed on paper or radiology films. Due to its widespread use in clinical and experimental 

sciences, it has become an essential part of anatomy education. It is also a great way to learn 

and test whether students understand the anatomical structures in a 3D space. 

However, due to limited spatial abilities and the absence of appropriate resources, 

students may learn neuroanatomy in a simple single-plane textbook-style view or a few of the 

various canonical views used in radiological imaging, enabling them to learn, memorize and 

identify structures only in those key views rather than having global knowledge of those structures 

and their spatial interrelationships, which may have worked traditionally in some fields but 

demand innovation due to changing situations and the emerging crisis in higher medical 

education (Chariker, 2009). 

A complete and relevant understanding of neuroanatomy requires a more profound and 

higher level of learning compared to other regions of gross anatomy. Various structures can 

appear in totally different configurations in the planar views, as many structures are very complex 

in shape. Curved and C-shaped morphology of some structures (like the caudate nucleus, lateral 

ventricles, and fornix) can cause changes in their location, shape, and size throughout different 

planes which may lead to confusion and misidentification. Even structures with a fixed and simple 

location, easy shape, and large size (like the thalamus) can be challenging to identify if similar 

structures surround them. Thus, sectional neuroanatomy can be much more challenging than 

other body parts' sectional anatomy, requiring additional resources for 3D visualization.  

Traditionally it may seem that letting the learners integrate and map the 2D information 

into 3D knowledge on their own, no matter how difficult it is for them to do so, may lead to better 
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learning due to the increased effort by the learner; hence the difficulties may be desirable; 

however, some situations are complicated enough to block these mapping due to high mental 

resistance, so the best way to learn spatial transformations in such challenging situations is to 

see them explicitly (Naaz, 2012; Pani et al., 2005). Also, the decreasing attention span and 

changing psychologies of future students may not let them give the same effort compared to 

historical standards, and things will have to change. 

Studies have shown that 3D visualization of neuroanatomical structures done before or 

preferably concurrently/alternating while studying sectional neuroanatomy induces better 

understanding by providing a better framework for the organization of spatial relationships leading 

to better learning, memory, and generalization of knowledge for future learning (on different 

modes/technologies of planar views like cadaveric sections, MRI/CAT scans or any other 2D/3D 

representations that they may encounter later on in the future) (Naaz, 2012; Pani et al., 2005, 

2013; Chariker et al., 2011, 2012; Allen, 2018).  

Again, the complexity of involved structures plays a major role in the success of these 

interventions, the more complex structures requiring a better approach to learning that provides 

the students with a better way to recall and integrate 2D and 3D information in their minds 

(Chariker, 2009; Naaz, 2012). For simple structures, 3D visualization may or may not offer any 

additional benefits over traditional methods, but it may be indispensable for complex structures.  

Theories in cognitive sciences dictate that this spatial transformation of 3D objects into 

2D representations depends on simplicity and ease of the condition, as it depends on concepts of 

3D and 2D mapping; and spatial knowledge is global/schematic and has a tendency of spatial 

alignment which may project a different idea in the mind rather than the actual situation (e.g., 

even after having seen the globe earlier in life people may think North and South America are 

vertically aligned when in fact they are not, and similarly, they may not be able to figure out how 

shadows may project differently on the wall even for simple structures/hand gestures) (Naaz, 

2012; Pani et al., 1996, 1997, 2005). Hence the use of 3D software, which not only improves 

spatial visualization but also shows clearly the spatial transformations of the 3D structures in a 2D 
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plane, becomes essential for successful learning in sectional anatomy, especially for the more 

complex areas like neuroanatomy, which need a more accurate and organized mental model. 

Enhanced engagement and deliberate practice are cognitive principles that support the 

success of 3D software (Kuyatt, 2012). The presence of colorful graphics and labels or tags in the 

3D software are features that may not be easily or reliably possible on cadavers. Specific visual 

cues help the students to learn faster, even without intermittent feedback or testing, as it helps 

them eliminate other structures and vast possibilities that they may not have studied or 

encountered (Naaz, 2012). It helps them focus on a particular structure and be more confident 

that they understand it.  

Visualization also depends on the cognitive abilities of the students. Spatial ability has 

been linked to the efficiency of skill and knowledge acquisition in anatomical and other STEMM 

fields; young adults (20-40 years) and males have been shown to have higher spatial ability, with 

studies linking prenatal androgen levels to developmental disorders critical in spatial abilities 

during adulthood, and its decline to old age (Allen, 2018). However, it is highly malleable and can 

be durably improved by performing complex tasks and spatial training, with studies reporting no 

gender difference in the final outcome; moreover, while young students (aged less than 30 years) 

are generally more tech-savvy, it is the students with more academic preparation and older 

students (more than 30 years) that do better in virtual learning using 3D software (Kuyatt, 2012). 

The benefits of 3D software for visualization are initially stronger in students with high spatial 

ability; while they may offer little to no benefit to students with low spatial ability on an initial stage 

or with brief exposure, they can also offer an equal advantage if given enough time for repetition 

or mastery of the subject (Naaz, 2012; Allen, 2018). These students may face initial mental 

resistance but adapt quickly and soon experience learning at the same rate as high-spatial ability 

students; hence spatial ability is only an entry barrier and does not affect final outcomes if given 

enough time (Naaz, 2012).  

Spatial ability has a reciprocal relationship with spatially complex tasks where the 

success in a task depends on spatial ability, but these tasks themselves lead to an increase in 
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spatial ability, leading to greater benefits over time to populations with low spatial ability (Allen, 

2018). Hence the use of 3D software offering great ease and unlimited access may be more 

beneficial for such populations with low spatial ability, that have less cognitive ability for 

complicated visualizations based on 2D resources and are also impeded by limited access to 

cadavers and accurate models due to the lack of these resources as discussed earlier.  

 

Reviews of the effectiveness of 3D technologies  

Most software and tools used for visualization in science education are built based on the 

developers' intuitions and personal opinions and not on a cognitive theory-based approach; very 

few of them are scientifically evaluated for their effectiveness in actual learning (Naaz, 2012). It 

has been reported that students consider 3D resources a more effective and preferable method 

than 2D resources, associating it with increased motivation, excitement, satisfaction, and 

confidence (Arantes et al., 2018). 

Various studies have shown that computer-based programs and 3D software tools are 

more likely to enhance anatomy learning as compared to traditional methods (lectures and 

textbook-style 2D resources), while other studies have given mixed results, and few even 

reported these new technologies to be inferior to the traditional approach which may be due to 

unrealistically short duration of study design not corresponding to actual course durations, use of 

a software which itself is too basic/simple as compared to textbook diagrams, or use in topics that 

are spatially too simple and do not require complex visualizations in the first place (Naaz, 2012; 

Arantes et al., 2018; Wang et al., 2020; Welch et al., 2020; Drapkin et al., 2015). The 

development and evolution of newer software and hardware bring forth new capabilities in 

visualization that were not possible before. Adequate and flexible learning environments and 

program designs that follow principles of cognitive theory can further ensure their effectiveness 

(Naaz, 2012).  



 

10 
 

Measure of effectiveness 

Several studies have qualitatively investigated student feedback and perception of 

motivation in learning, but usually these studies lack a central theory of learning or evaluation and 

use various attributes of student feedback on a (seemingly) arbitrary basis. Moreover, only a few 

studies analyze the quantitative effects on performance. 

Various questionnaires and survey tools have been independently developed and 

validated to suit specialized needs. A few commonly used among these are the IMI (Intrinsic 

Motivation Inventory) scale, CAP (Cognitive, Affective, and Psychomotor learning) scale, and 

VARK (Visual, Aural, Read/write, and Kinesthetic learning) model and inventory (Edward et al., 

1989; Rovai et al., 2009; Leite et al., 2010).  

It is necessary to have a proper strategy for learning as well as evaluation, to identify its 

strengths and weaknesses, and to understand the value and effectiveness of the educational 

program (Maddineshat et al., 2018). The Kirkpatrick evaluation model has been one of the most 

acclaimed and widely used methods of evaluating health sciences educational programs for over 

50 years (Dorri et al., 2019). It assesses an educational program at four levels: (1) reaction (of the 

learner); (2) learning (outcomes and increase in knowledge or skills); (3) behavioral (changes and 

successful transfer of knowledge into practice in the workplace); and (4) results (of training, 

organizational performance) (Dorri et al., 2019; Frye & Hemmer, 2012; La Duke, 2017; Bates, 

2004). Many course evaluations miss one or more of these levels, focus on the first two, and 

often neglect the last two levels (Clunie et al., 2018; Bewley & O’Neil, 2013). Using the model at 

all levels is the most effective educational program evaluation. 

The Attention, Relevance, Confidence, and Satisfaction (ARCS) model of motivation has 

been another popular tool for assessing medical and health science education programs for over 

40 years (Daugherty, 2019; Chang et al., 2019). It is similar to the Kirkpatrick model and shares 

some overlapping features with its four levels. Attention can be grouped with the learner's 

reaction, while the program's relevance determines learning outcomes. Also, confidence can be 

grouped with behavioral changes, while satisfaction can be regarded as a result of the training. 
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The Instructional Materials Motivation Survey (IMMS) and its Reduced IMMS form (RIMMS) are 

pre-validated tools to measure motivation in self-directed learning based on the ARCS model 

(Stephan et al., 2017; Loorbach et al., 2015).  

Aspects of all these models can be combined or modified to get more comprehensive 

and detailed feedback on the efficacy of an educational program. Using a suitable 

learning/evaluation model for generating questionnaires will help effectively measure student 

feedback. Our study created a questionnaire based on the Kirkpatrick and ARCS models to 

assess the impact of 3D software on student confidence and learning in neuroanatomy education. 

In tailoring assessment specifically for neuroanatomy education, it is also important to elucidate 

which attributes of brain structures (superficial or deep-seated) are better addressed by 3D 

resources compared to 2D resources. Another questionnaire for confidence in topics and tests 

were designed to measure its efficacy with regard to particular characteristics of brain anatomy. 

Qualitative feedback was also collected using open-ended questions.  
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Objectives 

Due to COVID-19, the University of Louisville restructured cadaver-based neuroanatomy 

labs for graduate and undergraduate students. Affected students were supposed to complete 

neuroanatomy labs remotely without hands-on access to cadaveric brains, spinal cords, or resin-

embedded slices. To address this shift to remote instruction, an online learning module focused 

on identifying brain structures in 3D space and the interrelationships of these structures was 

created using a combination of licensed software and freely available web resources. This study 

aimed to evaluate the success of this learning module as a tool for students learning 

neuroanatomy, using the newly created surveys and test scores. 

 

Research Questions 

1. a)  Was the 3D neuroanatomy learning module an effective learning tool for  

student learners?  

b) Was the neuroanatomy 3D module more effective when compared to traditional 2D 

learning resources? 

2. Did the neuroanatomy 3D module differentially improve student understanding of 

superficial (simple) structures versus deep (complex) structures? 

Research Hypotheses 

1. a) The 3D neuroanatomy module was an effective learning tool for graduate and 

undergraduate students in a neuroscience course.  

b) The 3D module was more effective than traditional 2D learning resources for student 

learning. (Effectiveness was measured by higher scores on the newly developed 

Reaction-Relevance-Result survey, Confidence in topics survey and test results, as well 

as qualitative feedback.) 

 

2. The 3D module differentially improved student understanding of deep structures to a 

greater extent than superficial structures. 
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METHODS 

A prospective study was conducted in the online setting as a virtual program to replace a 

pre-existing in-person neuroscience lab course while retaining all of its difficulty level and 

complexity; hence, the results can be generalized to actual instruction and provides ecological 

validity (Andrade, 2018). It was designed as a one-group/within-population pre-post design for 

surveys and tests. As used in this study, the quasi-experimental nature of program evaluation 

research is more acceptable by educational and ethical standards and provides a balance 

between an artificially controlled experimental condition and a complex real-world situation. 

Research site. The location of this project was the department of Anatomical Sciences & 

Neurobiology (ASNB) at the University of Louisville (UofL) School of Medicine (on all levels: data 

collection, data analysis, etc.). The online labs were conducted on the Visible Body (Argosy 

Publishing) and Anatomylearning.com web applications. While the Visible Body software was 

licensed through the Kornhauser Library at UofL and available for student use, 

Anatomylearning.com was directly available for public use on their website. Data collection was 

done online on the Blackboard platform. 

Study design and population. The study involved implementing and evaluating an 

educational intervention that used a newly developed neuroanatomy learning module and 

surveys and tests. The study population included all students enrolled in the Fundamentals of 

Neuroscience (ASNB 502/602) course in the department, and no sampling was done as the 

expected sample size was small (n<50). The project was done with permission and under the 

supervision of Dr. Robert Lundy (course director) and Dr. Chad Samuelsen (coordinator of the 

neuroanatomy lab module in the course and co-investigator in the project) at ASNB, UofL. 

Although graduate and undergraduate students have differential course requirements 

and difficulty levels, they attended the lectures, labs, and exams together as they had been for 

the previous years. All the participants were adult students (18 years and older) of various gender 
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and ethnicity, including minorities, and there was no involvement of any particular groups, 

including children, prisoners, pregnant women, or participants with cognitive impairments. 

Inclusion/Exclusion Criteria. The only inclusion criterion for the participants was that they 

must be enrolled in the ASNB 502/602 Fundamentals of Neuroscience course at ASNB, UofL. 

There were no exclusion criteria. 

The study population consisted of 10 graduate and 25 undergraduate students, totaling 

35 participants. One student dropped out mid-study. This study was not funded by any sponsor. 

The study qualified for a partial waiver to the requirement of document informed consent process 

(waiver of signed consent and use of an unsigned consent form, a preamble) according to 45 

CFR 46.117(c) federal regulations for the protection of human subjects and was ruled exempt by 

the school’s Institutional Review Board (IRB) according to 45 CFR 46.101(b) under Category 2. 

The outcome letter(s) are presented in Appendix A. An unsigned consent form (a preamble, see 

Appendix B) was used for the study. Signed consent forms were not obtained from the enrolled 

participants because of the following reasons:  

1. The research presented minimal to no risk of harm to participants and involved no 

procedures for which written consent is typically required. The study involved using 

regular educational procedures/interventions like computer-assisted learning, collecting 

student survey data, and analyzing their performance on exams before and after the 

intervention. All procedures performed in this project were typical and usually done in 

traditional educational settings. 

2. Participant rights and confidentiality were also protected while using official data 

(performance on exams) by avoiding identifiable data or sensitive/private information. All 

data were treated as confidential and only available to the investigators. For data 

analysis, the exam scores were obtained by Dr. Chad Samuelsen and deidentified after 

interlinking each participant's pre- and post-surveys and test scores. 

3. It did not involve any special participant populations. 
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4. The study uses additional educational interventions to supplement the regular 

coursework and does not involve grouping or randomization, which did not affect the 

participant's rights to education and did not interfere with their student experience.  

5. The post-intervention test was an integral part of the regular exams in the course as in 

previous years. The surveys and pre-intervention tests were voluntary and anonymous; 

there was no opportunity for the participant to sign an informed consent or identify 

themselves in any way on the survey. Implied consent was obtained by completing the 

pre-survey. If a prospective participant did not complete the survey, it indicated that 

he/she did not consent to the study. 

Consent process 

The IRB-approved preamble contained details of the study (investigators' details, study 

title, purpose, risks and benefits, data storage, and safety measures) and consent (its voluntary 

nature, overview by the IRB and the Human Subjects Protection Program Office). It was sent 

electronically to the students by the PI (principal investigator) and co-investigator, along with the 

introduction, recruitment, and orientation email one week before starting the study module. The 

participants were expected to take about 5 minutes to read the preamble and had a week to 

review it and participate when the study module started. They were informed about the survey 

and that their responses would remain anonymous and have no impact on future course 

evaluations. The students were sent another reminder just before the start of the neuroanatomy 

module to maximize the response rate. If any questions arose, the PI and co-investigator were 

available via phone and email. Anonymous completion of the pre-survey indicated consent. The 

students emailed their surveys back to Dr. Chad Samuelsen so that he could organize them and 

immediately remove any identifiers. The students who did not wish to participate were free to 

withdraw from the study through lack of response to the emails and by not logging into the 

Blackboard folder containing the surveys. Students could also stop a survey or pre-test in 

progress without penalty. The one student who dropped out of the course mid-study had only 

completed the pre-survey but was not given the pre-test. Another student did not submit the post-
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survey but gave the post-test. A few other students skipped or missed questions on the surveys 

and tests. All these instances were treated as missing data in the data analysis. 

Data Handling and Privacy. All study personnel who distributed survey instruments or 

assisted in analyzing data were CITI (Collaborative Institution Training Initiative) certified. New 

study personnel were added to this research via an approved IRB amendment before being 

allowed to interact with participants. The surveys and educational tests were administered via 

email and in an online module on the University of Louisville Blackboard site. The de-identified 

data was stored on password-protected University of Louisville encrypted computers, to which 

only approved study personnel had access. Should the data from this study be published, 

individual participant’s identities would always remain protected as the data did not use 

identifiers. 

Risk to Human Participants. This was a no-risk/low-risk study. Risks to human 

participants included discomfort, irritation, and fatigue. However, to alleviate these risks, the 

surveys and educational tests were administered online and could each be completed within 15-

30 minutes whenever the participant had time during the day. All students were invited to 

complete the survey and test, but they were free to decline to fill out all or part of them. The study 

used data on performance on the exam but without identifiers, so there were no specific 

academic, physical, psychological, social, economic, or legal risks of participating in this study. A 

statement regarding this was also disclosed in the preamble. 

Benefits to Human Participants. The participants in this study had an opportunity to 

experience additional educational interventions and a better learning environment for studying the 

3D anatomy of the brain. The benefit was also to medical educators who hoped to improve the 

Neuroscience curriculum by identifying areas in need of emphasis, resulting in better 

understanding and performance of students in exams and indirectly helping the students. 

Participants were not paid for their time to participate in this study. Instead, it was presented as 

an opportunity to earn five extra credit points on the practical exam by participating in the study, 

and it was mentioned clearly in the emails and was also implied by posting the surveys and 

preamble document in the Blackboard folder titled 'Extra credit opportunity.' The extra credit was 
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awarded based on participation and not performance on the surveys or tests to prevent cheating 

on the pre-test, which was conducted in a non-proctored online quiz format. 

Adverse Event Reporting and Data Monitoring. The investigators in the study closely 

monitored data collection (which did not use identifiable private information) and assured 

anonymity and confidentiality throughout this study. Research personnel distributing surveys also 

monitored for stress or frustration on the part of participants. The IRB was to be notified 

immediately of any adverse events, whether expected or unexpected, but none occurred.  

Learning modules: The 2D learning resource was based on the lab manuals provided for 

the course during previous years to learn the brain's internal structures. The lab manuals 

contained well-labeled images of the brain, focusing on its cross-sections (sample page in Fig. 1). 

It consisted of two PDF documents containing sectional anatomy (horizontal and coronal 

sections) of the brain as it was taught in previous years (before COVID pandemic) and was made 

available through the Blackboard platform for the ASNB 502/602 course. They were uploaded 

one week prior to the start date of the 3D module/online labs. The students were advised to read 

it carefully as they needed to answer five questions based on its content later. They had a week 

to study and review these resources on their own before taking a voluntary, online pre-

interventional survey and pre-test containing questions about the PDF document, which was sent 

the following weekend and was to be completed by Sunday evening before midnight. 

The following week started with a 3D educational module serving as an online 

neuroanatomy lab on sectional anatomy of the brain thru online software. The school already 

licensed the Visible Body software, and the investigators in this study found it very useful, 

especially for learning an overview of the brain because of its ease of dissection and various 

good tools and features. Most body regions were extremely well-detailed; hence, it was used in 

medical school and other courses at UofL. However, we felt it needed to be better for studying 

cross-sectional anatomy and lacked the necessary details in the brain region; thus, we searched 

for another software and found Anatomylearning.com to satisfy the rest of our needs. The 

rendering quality and details in the brain region were much better than most other software, and 

their slicing tool was quite impressive, hence very useful in learning sectional anatomy. Also, it 
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was among the few software we found that had free public use (at that time on the 

WebGL/browser version) and written copyright instructions for its usage. We had to go for these 

two software as any single one did not satisfy all needs, although a few students later complained 

in the qualitative feedback that they wished they had to use just one software due to their 

complexity and novelty issues; AnatomyLearning.com would have been a better choice for us in 

that case.  

Lab manuals were provided to the students via the Blackboard platform, containing 

details of basic software functions/features and instructions to use it to get to specific 

views/scenes in the software. A checklist of anatomical structures was provided in the manual for 

each scene/view so students knew what to look for. The online labs, a mandatory component of 

the ASNB 502/602 course, consisted of a brief introduction to the software and neuroanatomy by 

Dr. Chad Samuelsen. The students were then divided into groups and used the 3D module and 

online lab manual to learn neuroanatomy independently under the supervision of the teaching 

assistants. They logged into Visible Body and AnatomyLearning.com and explored various 

predetermined views/scenes to observe the 3D brain structures and cross sections from different 

angles, zoom in/out, and click on various tags/labels, to learn about various neuroanatomical 

features. All the instructions were provided in the online lab manual (sample page in Fig.2). The 

online labs acted more as an orientation/training to use the software, and the students still had to 

study independently after the lab session. 

They received a voluntary, online post-interventional survey the same evening, which 

they had to finish within two days to complete participation in the study. The first practical exam 

for ASNB 502/602 course was held at the end of the same week. This exam supplemented the 

post-interventional assessment for our study. The practical exam consisted of many texts and 

image-based questions on neuroanatomy, including internal features of the brain. Five pre-

decided image-based questions were used as the post-interventional test to measure content 

mastery following the 3D module on cross-sectional anatomy. 
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Fig. 1: A sample page from the 2D learning resource. (ASNB 502/602 Fundamentals of Neuroscience, University of Louisville) 
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Fig. 2: A sample page from the online lab manual. 3D software available at www.AnatomyLearning.com 
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Measurements 

Two online surveys and one online test were conducted specifically for this study. 

The surveys had 23 and 26 items, the online pre-intervention test had five questions, and an 

additional five questions were extracted from the online practical exam for post-interventional 

analysis as the post-test. Answering those surveys required no more than 25 minutes of the 

participant’s time. The pre-and post-intervention test also took around 5 minutes to complete. 

The time commitment required per participant was about 60 minutes (25 mins each for pre- 

and post-survey + 5 mins each for pre- and post-test). 

Survey design: Two surveys (pre- and post-interventional) were developed for this 

study. The surveys (detailed in Appendix C) contained questions about basic demographic 

information (but not personal identifiers), academic background and prior neuroanatomy 

experience, software usage and experience, questions regarding confidence in particular 

topics in neuroanatomy, open-ended questions regarding what they liked/disliked and 

improvements about the module, and questions modified from pre-validated questionnaires 

and models of learning evaluation. 

Studies have defined the 'effectiveness' of computer-based tools in teaching 

neuroanatomy based on student performance, attitudes, and perceptions (Arantes et al., 

2018). Student performance in our study was evaluated by pre- and post-interventional tests. 

The pre-and post-interventional surveys asked questions with themes to identify student 

reactions, learning experience, confidence, and satisfaction. Positive responses on these 

themes, measured on a 5-point Likert scale, indicated the effectiveness of the 3D module if 

the average score was greater than 3. Further, comparing these mean Likert scores for the 

2D module and 3D module and comparing performance on the tests supported the idea of 

whether the 3D module is more effective than the 2D module. A similar comparison for 

questions regarding specific neuroanatomy structures concluded that the 3D module 

differentially improves student understanding of superficial or deep brain structures. Effects of 

gender, academic level, or previous experience in neuroanatomy were studied by observing 

group differential motivation, confidence, and performance following the 2D or 3D module.  

A pool of questions (Table 1) was created by adapting from pre-validated models and 
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surveys like the Kirkpatrick evaluation model, ARCS model of motivation, IMI questions, CAP 

scale, IMMS, and RIIMS surveys, among many others, which was then carefully vetted by the 

investigators and reduced to about half its size. These questions possessed face and content 

validity as we ensured that each level of Kirkpatrick's or ARCS model was well represented in 

our survey. The pre-survey, consisting of 23 questions, was developed to assess the 2D 

learning resources. It contained three questions on demographics and academic background, 

three on ‘Reaction’ (and attention), six on ‘Relevance’ (and learning experience), two on 

confidence and change in attitude, and two on satisfaction and overall impact. The last four 

questions were grouped as 'Result,' giving rise to the 13-question ‘Reaction-Relevance-

Result’ (RRR) survey. The pre-survey contained five additional questions specific to 

confidence regarding various neuroanatomical structures and two regarding prior experience 

using 3D software. The second survey (post-survey), consisting of 26 questions, was similar 

to the first and contained the same RRR questions but focused on the 3D module (no 

demographic questions or prior software usage), along with questions on time spent on the 

3D software (2 questions), ease and efficacy of the 3D software (3 questions), and three 

open-ended questions in the end regarding what they liked/disliked about the 3D module and 

what could be improved. While designing all these survey questions, they needed clarity and 

simplicity, were not double-barreled, were not loaded, and no negative wording was used 

(Jones et al., 2013). 
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Table 1: Pool of questions created for the survey development 

Demographic survey  

Age: 

Gender: 

Current Level of study: Undergraduate/Graduate student 

Did you study neuroanatomy previously? 

Program usage statistics: 

How easy is it for you to learn to use any new software? 

Have you previously used Visible Body / AnatomyLearning.com? If yes, how familiar are 
you with the program? 

Did you have any prior experience in using other software to study neuroanatomy? If yes, 
then which particular one is your favorite? 

How easy was it for you to use this particular software? 

Regarding time spent on software during labs and before exams: 

 The average number of times you opened the software (0,1, 2-5, 6-10, >10): 

 Average time spent on each use (in minutes): 

 

Evaluation of Reaction 

How much did you enjoy studying with the software? 

How much attention did you give to the software? 

How much did it stimulate your curiosity and interest? 

How engaged and immersed were you while using the software? 

How focused or goal-oriented were you using the software (exploring on your own versus 
focusing on only checklist structures)? 

How much did it motivate you to learn neuroanatomy, keep working on it, and become 
active? 

How important did you feel to study it and use it on your own, or did you feel forced and did 
it because it was mandatory, and you had to do it?  

How much effort and energy did you put into using the software? 

How ready were you to use the software, or did you need more training and guidance? 

Did you feel relaxed, or were you nervous, anxious, tense, or pressured while using it? 

Did you feel comfortable, or did you feel dizzy, headache, nausea, or any other unpleasant 
feeling while using it for a longer time? 

 

Evaluation of Learning 

Overall, how useful or beneficial was the learning experience using this software? 

How detailed was the text/information presented in the software? 

How detailed was the 3D/visual content presented in the software? 

How much did it help you acquire knowledge and identification skills and improve your 
understanding of the brain? 

How much did it improve the visualization of complex structures? 

How much did it improve your spatial understanding of structures in the brain and the 
interrelationships between these structures?  

How much did it help to get a holistic view of the topic that you study on it? 

How much did it help to relate gross anatomy to real-life clinical or laboratory situations? 

How much does it match your study objectives, needs, and motives and fulfill your learning 
requirements? 

How relatable was the content presented understandably and related to your experience 
and preferences? 

How pleasant was the learning experience for you? 

How well organized was the software, so it was easy to use and navigate? 

How successfully could you follow the instructions to use the software successfully? 

How easy was it to virtually dissect the brain? 

How often did you struggle with handling structures while performing virtual dissections? 

How useful was it for understanding 3D relationships? 



 

24 
 

How much did you feel like you had control over the success of your learning experience, 
or did you feel lost? 

How much did it provide challenges and meaningful opportunities for learning anatomy? 

How memorable was studying it to help in long-term retention and recall? 

How much would you recommend for future use in other/similar courses for career 
development? 

How much would you recommend for future use for other students in this course or other 
similar courses? 

 

Evaluation of Confidence 

How much did studying the software change your attitude and confidence toward 
neuroanatomy? 

How much did its use stimulate your critical thinking or enhance reasoning skills in 
neuroanatomy? 

How difficult do you now think neuroanatomy is actually?  

How self-confident/prepared do you personally feel about neuroanatomy now? 

How difficult do you think it will be to identify structures on the exam now? 

 

Evaluation of Overall Impact 

How satisfied do you feel after learning about the software? 

How much more self-reliant do you feel after using the software? 

How much did it help you to prepare better for exams and increase your performance on 
the test? 

How much did it help you to improve your efficiency in the future laboratory or clinical 
work? 

 

Sub-topic-specific inquiry  

How easy or difficult do you think it is to learn about superficial cortical structures like 
cortical gyri and sulci? 

How easy or difficult do you think it is to learn about deep cortical structures like subcortical 
nuclei or internal capsule? 

How easy or difficult do you think it is to learn about C-shaped structures like the Caudate 
nucleus, Lateral ventricle, or Fornix? 

How easy or difficult do you think it is to learn about ovoid and simple shaped structures 
like the thalamus or lentiform nucleus? 

How easy or difficult do you think it is to learn about small sized structures like the Red 
Nucleus? 

How easy or difficult do you think it is to learn about large sized structures like the 
thalamus? 

 

How much attention and effort did you give to learning about superficial cortical structures 
like cortical gyri and sulci? 

How much attention and effort did you give to learning about deep cortical structures like 
subcortical nuclei or internal capsule? 

How much attention and effort did you give to learning about C-shaped structures like the 
Caudate nucleus, Lateral ventricle, or Fornix? 

How much attention and effort did you give to learning about ovoid and simple shaped 
structures like the thalamus or lentiform nucleus? 

How much attention and effort did you give to learning about small sized structures like the 
Red Nucleus? 

How much attention and effort did you give to learning about large sized structures like the 
thalamus? 

 

How confident are you about your knowledge and identification skills concerning superficial 
cortical structures like cortical gyri and sulci? 

How confident are you about your knowledge and identification skills concerning deep 
cortical structures like subcortical nuclei or internal capsule? 

How confident are you about your knowledge and identification skills concerning C-shaped 
structures like the Caudate nucleus, Lateral ventricle, or Fornix? 
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How confident are you about your knowledge and identification skills concerning ovoid and 
simple shaped structures like the thalamus or lentiform nucleus? 

How confident are you about your knowledge and identification skills concerning small 
sized structures like the Red Nucleus? 

How confident are you about your knowledge and identification skills concerning large 
sized structures like the thalamus? 
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Test design 

The pre-and post-test consisted of questions that tested the spatial understanding of 

neuroanatomical structures and their inter-relationships via identifying them on tagged cross-

sectional images. Such questions testing information with visible cues is more helpful as they 

eliminate the possibility of distraction by structures that have not been studied (Naaz, 2012). 

Five questions were carefully selected and used in a multiple-choice question format after 

approval by the study investigators and course instructors of the Fundamentals of 

Neuroscience course, ensuring that these structures were essential in fulfilling the learning 

objectives. These questions were selected based on face and content validity. They 

contained two questions from the superficial aspect (Lateral sulcus and Cingulate gyrus), one 

from the intermediate zone (Claustrum), and two from the deep aspect of the brain (Thalamus 

and head of caudate nucleus). The same five questions were also used to design the 

confidence in topics survey. The pre-test included images from the 2D learning resource (Fig. 

3, derived from the same PDF files) containing tagged images of cadaveric brain sections. 

The post-test contained tagged images of the same five structures in a different order to 

ensure testing equivalence but from screenshots of the 3D software used in the study so that 

the performance on these images was more suggestive of the effects of the 3D intervention 

and possessed minimal residual effect of 2D learning. Also, the screen-captured images were 

used in greyscale to test generalization after 3D intervention on an image that was not as 

colorful as the 3D software they studied (Fig. 4).  
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Fig. 3: Sample pre-test image.   
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Fig. 4: Sample post-test image. Images captured from www.AnatomyLearning.com 
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Analysis Plan 

RRR survey validity: As the RRR tool was adapted and inspired from a combination 

of several other pre-validated surveys to evaluate the effectiveness of the 3D module, we 

validated the internal structure of the post-survey using Principal Component Analysis after 

confirming its applicability by checking Kaiser–Meyer–Olkin (KMO) value of sampling 

adequacy and Bartlett’s test of sphericity, and setting maximum iteration count 1000, 

eigenvalues greater than 1, and acceptable factor loadings greater than 0.4. As the survey 

tool was complex and composite, analysis without fixing the number of factors and allowing 

Oblimin rotation for inter-component correlation gave uninterpretable factors and inconclusive 

results. However, the three sub-components of the RRR survey were pre-determined; factor 

analysis of each of these components individually (without rotation) confirmed them to be 

unifactorial. Hence, we averaged the value of individual items under the respective 

component. Furthermore, the factor analysis of the RRR survey using only these three 

components confirmed it to be unifactorial, so these three components were averaged under 

RRR to get an overall RRR score. Factor analysis of the Confidence in topics post-survey 

with rotation extracted only one component; hence all five individual items could be averaged 

under Confidence in topics. The correlation of the averaged value of these two surveys with 

the final score in the practical exams provided convergent validity. The internal reliability of 

surveys and tests was analyzed using Cronbach's alpha coefficient of internal consistency. 

Missing data in this part of the analysis were handled by listwise deletion.  

 

Quantitative analysis 

The demographic data were compared by two-sided Fisher’s exact tests (FET) as the 

comparisons involved nominal data. Data collected through the questionnaires were 

described as means and standard deviation (SD). Norman (2010) argued that this could be 

done if the distribution is reasonable enough, along with other mathematical manipulations 

(like change in scores), especially if a Likert scale is calculated by sums of different Likert 

items, just like the final score in multiple-choice-question kind of test becomes interval or ratio 

variable. Still, the data in this study was considered nonparametric as it was initially ordinal, 
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and the normality of the data was questionable as it was asked on a Likert scale for a 

relatively small sample size (n<50). For nonparametric analysis, a Mann-Whitney U test was 

used to compare the responses of independent samples. A Wilcoxon signed-rank test was 

used to compare the differences in means of the matched pairs/dependent samples (pre- vs. 

post-intervention scores on the survey and test results). The pre-post increase in scores was 

calculated to analyze the group differences in them. The superficial-deep difference in scores 

was also calculated for analysis concerning the difficulty of structures.  

All the results were shown along with calculated effect size measures, which play an 

essential part in reporting the actual strength of effects of the observed significant differences, 

which is required in comparison of different studies in the review of the literature and other 

educational research, especially if it is medium size or larger as it becomes visible in 

observations; the effect sizes, which are rarely reported for nonparametric tests, were 

described in this study as the correlation coefficient using the Rosenthal formula [“reffect size = 

rcontrast in two groups design” =Z/(square root of n)] where n is the total number of 

observations, and this effect size is interpreted same as the Pearson’s r correlation coefficient 

(Rosenthal, 1991; Rosnow, 2003; Tomczak & Tomczak, 2014). The correlations of surveys 

and tests among themselves and with the final scores were explored by calculating Kendall's 

tau-b (τb) due to the presence of ordinal data. 

Statistical analysis of quantitative data was done using IBM SPSS Version 24.0 

software (IBM Corp., Armonk, NY). Statistical significance was established at p < .05. Missing 

data in this part of the analysis was handled by excluding cases on a test-by-test basis. 

Roughly half of the educational and psychological research studies contain missing data, 

usually 15-20%, but have been reported up to 60% (Dong & Peng, 2013). In our study, it was 

within 3% for tests and mostly 9% for surveys. In only a few instances, it reached up to 15% 

(for both software usage questions, once in RRR post-survey and twice in confidence post-

survey topics). Hence, the test analysis was most reliable in case of conflicting results, 

followed by the RRR surveys and the confidence in topics survey (pre-survey being more 

reliable than post-survey). 
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Qualitative analysis 

A thematic analysis was applied to the three open-ended answers from the post-

survey via identifying important repeated themes on close examination of student feedback 

with an inductive and semantic approach. Firstly, the authors familiarized themselves with the 

data by collecting and arranging all the statements in respective groups (of questions) to give 

a better overview while reading it. Then in a systematic and iterative approach, key ideas 

were identified, marked in bold, and given codes. We kept repeating until almost all the text 

was marked and divided into meaningful codes. Then, these codes were analyzed, grouped, 

and rearranged under appropriate themes or concise codes by following the same iterative 

approach, leading to a significant reduction in the number of themes. In the end, we could 

group everything under five concise codes. Finally, the original data was reread and checked 

for a complete representation of all the statements into the final and concise codes, if the 

structure of codes looked logical and fair to the data, and if they needed any changes. Then 

these codes were described under the three questions we asked, citing important examples 

as evidence and providing validity to our conclusions. 
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RESULTS 

MAIN RESULTS 

 

DEMOGRAPHICS 

The study population, 35 students, (data graphed in Fig. 5) consisted of 15 males 

(42.9%) and 20 females (57.1%); this increased female composition was a result of 

undergraduate student composition (64% females), as compared to the opposite gender ratio 

in graduate students (40% females).  

Fig. 5:  Student demographics 
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COMFORTABILITY WITH SOFTWARE USAGE 

One item on the survey (Average time spent outside of class) seemed to need 

clarification, as it was misinterpreted by some students who reported total time over the 

course instead of per session. After rigorously removing the outliers, the modified mean was 

greatly reduced to around 51 minutes, so it can be assumed that students roughly spent an 

hour or less each instance they opened the software. The item ‘frequency of use’ was initially 

asked as an open-ended question, but was later converted to a 5-point Likert item having a 

mean of 4.39, which suggested that students, on average, opened the software between 5-10 

times. The item 'history with the software' had a mean of 2.11 on the Likert scale, which 

meant that students, on average, had seen the software and maybe used it a little (but were 

not familiar with it much). Students reported little agreement for ease in learning any new 

software, and if the software used was well organized. However, they still reported high 

agreement in future recommendations. For all the corresponding items, the mean scores of 

males were generally higher than females (Fig. 6). However, statistical significance was 

observed only for the item 'ease of virtual dissection' in which male students expressed slight 

ease, and in contrast, female students expressed slight unease (M1=3.86, M2=2.89, U=69.5, 

p=.025, Z=-2.247, N=32, reffect size=0.40) with effect size corresponding to medium  

(0.3< reffect size <0.5). 
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Fig. 6: Gender differences in comfortability with software usage  

* Males scored higher than females in all the items and overall, but a statistically significant 

difference was observed only in the item ‘ease of virtual dissection’ (in yellow)
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THE REACTION-RELEVANCE-RESULT (RRR) SURVEY  

The mean scores of the post-survey were higher than the pre-survey for the RRR 

survey overall, as well as in all individual components and items (shown in Fig. 7). Almost all 

these differences were statistically significant (except the ‘interest’ and ‘satisfaction’ items), 

with effect sizes varying from large (for most individual items, all dimensions and RRR survey 

overall) to medium (for the 'enjoyment,' 'interest,' 'visually appealing,' 'long term retention' and 

'satisfaction' items), as detailed in Tables 4-6. 
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Fig. 7: Outcome of the Reaction-Relevance-Result survey 

* Statistically significant pre-post differences were observed in the RRR survey overall, as well as in all individual components and most items (except 

the ‘interest’ and ‘satisfaction’ items). 
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THE CONFIDENCE IN TOPICS SURVEY AND TESTS 

The mean scores on the post-survey and post-test were higher than the pre-survey 

and pre-test, respectively, in overall as well as in all individual components and items (Fig. 8). 

Most of these differences were statistically significant (except for Cingulate gyrus and 

Thalamus in tests), with effect sizes varying from large (for most items and overall, in surveys 

and tests, details in Tables 8-9) to medium (for Lateral sulcus in tests).  
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Fig. 8: Outcome of the Confidence in topics surveys and tests 

* Statistically significant pre-post differences were observed overall and in most individual 

items. 
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SUPERFICIAL VS DEEP STRUCTURES  

As discussed earlier, the mean scores of the Confidence in topics post-survey and 

post-test were higher than in pre-survey and test overall. Likewise, the post-intervention 

scores were also greater than pre-intervention scores for the subgroups (superficial and deep 

structures, Fig. 9). All these differences were statistically significant, with effect sizes varying 

from large (for most sub-groups) to medium (for Test-superficial structures), as detailed in 

Table 11. 
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Fig. 9: Effect of the superficiality of structures on outcomes of surveys and tests. 

* Statistically significant pre-post differences were observed overall and in both sub-groups 

(superficial and deep structures) for surveys and tests. Significance was also observed for 

superficial-deep differences within the post-survey and pre-test. 
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QUALITATIVE ANALYSIS 

Regarding technology, students appreciated the rendering and accessibility they had; 

however, many students experienced glitches and trouble with the heavy and intensive 

software on their computers. They suggested that there should be one unified application that 

allows them to comfortably use the program as much as they want to without glitches.  

Students also discussed the ease of navigation and helpful features such as zooming 

and rotating the view to look at different angles and delineation by color-coding and contrast. 

They also liked the organization of structures into different perspectives and how they could 

search to add or remove structures and could change their transparency, isolation, and slicing 

in cross-sections. Still, some problematic areas included difficulty in searching structures, 

isolating and handling them, and navigating through cross-sessions. They suggested 

improvements like better search, isolation, navigation, dissection, assembly and rotation locks 

and control, and the ability to add tags/labels. They also expressed the need for a greyscale 

view, like in real-life brain and exams, and more training in the software and its features.  

Another area students discussed was content, stating that the complex structure and 

fine details of the brain structure were helpful. The holistic view and relations significantly 

helped them in spatial awareness and mental mapping, leading to genuine learning and 

retention. However, they needed some help with the tags' consistency and the software's 

absence of descriptive texts. They would appreciate it if the tags were compatible with the 

checklist provided and suggested having more text, clinical images, and offline supplementary 

material would be helpful.  

Regarding realism, the students appreciated how the program was more helpful than 

a typical 2D resource; however, they expressed that some areas were too simple and 

cartoonish and lacked the feel of a real hands-on experience. They suggested having realistic 

colors and shape-accurate structures throughout. 

Lastly, some students felt that the course duration was too short and that having more time 

would be incredibly helpful. 
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RESULTS – ADDITONAL OBSERVATIONS 

DEMOGRAPHICS 

According to the academic level, the population consisted of 25 undergraduate (71.4 %) and 

ten graduate (28.6 %) students. For previous neuroanatomy experience (with an average of 

0.5 semesters per student), four students reported that they had taken two semesters, nine 

students reported one semester, and 22 students reported no previous experience. 

Furthermore, the previous experience groups were consolidated into 13 students (37.1 %) 

with none and 22 students (62.9 %) with some prior experience. 

Two-sided Fisher's exact tests (FET) were performed, and preferred, over Chi-square 

tests of independence because of the small sample sizes (Kim, 2017). The FET did not reveal 

any statistically significant relationships between gender and previous experience (p= 1.000, 

FET), level and previous experience (p= .709, FET), and gender and level (p= .266, FET). 

These results were crosschecked with Chi-square tests of independence, which also did not 

reveal any statistically significant relationships. 

 

COMFORTABILITY WITH SOFTWARE USAGE 

The item (Average time spent outside of class) seemed confusing and misinterpreted 

by some students who reported total time instead of average time spent per session. The 

mean of 376 minutes (6 hours 16 minutes) was exaggerated due to outliers like 1200 minutes 

and 1600 minutes. After removing only a few outliers (values equal to or more than 5 hours 

because it is less likely to study on the software for that long), the modified mean was around 

67 minutes. After removing outliers more rigorously (values equal to or more than 2 hours), 

the modified mean was around 51 minutes. Unnecessarily removing more outliers (values 

more than an hour) did not change the mean much (45 minutes). The item 'frequency of use' 

was also changed. Initially, it was asked as an open-ended question but was later converted 

to a 5-point Likert item (based on the five options that were suggested to the students and 

used by them). 
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The mean scores and statistically significant group differences regarding software 

usage are described in Table 2. For most of the Likert scale items used in this project (except 

the item 'history with the software'), a mean of 3 suggests a neutral point, while 2 or 4 

suggests a minor disagreement or agreement, and 1 or 4 suggests extreme disagreement or 

agreement with the context; higher scores meaning more favorable outcomes. No significant 

group difference was observed for an academic level or previous experience in 

neuroanatomy, and scores were similar for these groups (Fig. 10). 

Table 2: Comfortability with software usage summary 

 

Items 

Mean 

(SD) Significant Group differences 

Ease to learn new 

software 

3.46 

(1.34) 
 

History with the 

software 

2.11 

(1.49) 

 

Frequency of use 4.39 

(0.84) 

 

Ease of virtual 

dissection 

3.31 

(1.23) 

Male>Female (M1=3.86, M2=2.89, 

U=69.5, p=.025, Z=-2.247, N=32, reffect 

size=0.40) 

Organization of the 

software 

3.94 

(1.01) 
 

Future 

recommendation 

4.53 

(0.84) 
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Fig. 10: Academic level and experience differences in software comfortability 
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REACTION-RELEVANCE-RESULT (RRR) SURVEY VALIDITY 

Principal Component Analysis (PCA) examination of the factor structure of the post-

survey indicated that all the corresponding items loaded significantly under Reaction, 

Relevance, and Result dimensions (Table 3). While most items had good loadings (more than 

0.7), four had factor loadings at satisfactory levels (0.4 - 0.7). Hence, all the items suitably 

represented their respective dimensions and were averaged under the respective dimension 

in future analysis. 

All the dimensions were confirmed suitable by KMO for sample adequacy (KMO well 

above 0.5 for all). Bartlett's test of sphericity (p-values far less than .05). Cronbach's 

coefficient alpha for internal validity indicated high levels (α>0.8, very strong) of internal 

consistency for RRR survey overall, Reaction, Relevance, and confidence in topics 

dimensions; but only acceptable (α > 0.6, moderate) for the Result dimension. All the 

dimensions were also tested for validity by correlating with the final score on the 

neuroanatomy exam. As expected, all the dimensions showed a strong correlation (τb >.32) 

with the final score. 
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Table 3. PCA results and internal validity estimates of RRR post-survey.  

Dimension Items 

KMO, 

Bartlett’s 

test  

Factor 

Loadings 

Cronbach 

coefficient 

alpha 

Correlation 

with Final 

score 

            

Reaction   

KMO=0.72, 

p< .001 0.89 0.84 

N=33, 

τb=.36, 

p=.007 

  Attention   0.85     

  Enjoyment   0.88     

  Interest   0.9     

            

Relevance   

KMO=0.66, 

p< .001 0.95 0.84 

N=33, 

τb=.50, 

p<.001 

  Usefulness   0.92     

  

Visually 

appealing    0.69     

  

Simple 

visualization   0.8     

  

Complex 

visualization   0.58     

  

Spatial 

understanding   0.82     

  

Long term 

retention   0.79     

            

Result   

KMO=0.71, 

p= .006 0.89 0.65 

N=32, 

τb=.66, 

p<.001 

  

Ease in 

neuroanatomy   0.67     

  

Change in 

attitude   0.82     

  Satisfaction   0.64     

  

Preparedness 

for exams   0.74     

RRR 

Survey   

KMO=0.70, 

p< .001   0.88 

N=33, 

τb=.54, 

p<.001 
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The mean scores and statistically significant group differences for the Reaction 

dimension described in Table 4. This dimension and the items under it (except the 'Interest' 

item) had statistically significantly greater scores on the post-survey as compared to the pre-

survey, with effect sizes varying from large (reffect size>0.5, for the 'Attention' item and Reaction 

dimension overall) to medium (0.3< reffect size <0.5, for the 'Enjoyment' and 'Interest' items).  

In the pre-survey, male students had statistically significantly greater scores than 

female students in 'Attention,' 'Interest' items, and the Reaction dimension overall, with 

medium effect sizes.  

While in the post-survey, students with no previous experience of neuroanatomy had 

statistically significant greater scores in 'Attention,' 'Enjoyment' items, and Reaction 

dimensions overall than those with some previous experience, with medium effect sizes.  

We observed a significant pre-post increase in the item 'Attention', which was greater 

for students with no previous experience than students with some previous experience, with a 

medium effect size. 
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Table 4: Outcomes of the Reaction dimension. 

  Pre-survey Post-survey Pre-Post Comparison 

  Mean 

(SD) 

Significant Group 

differences 

Mean 

(SD) 

Significant Group differences Pre-Post 

differences 

Significant Group 

differences 

Attention 3.63 

(0.94) 

Male>Female (M1=4.00, 

M2=3.35, U=96.5, p=.043, 

Z=-2.03, N=35, reffect 

size=0.34) 

4.45 

(0.71) 

None>Some previous 

experience (M1=4.68, M2=4.00, 

U=64.5, p=.014, Z=-2.45, N=33, 

reffect size=0.43) 

Pre<Post 

(N=33, Z=-3.58, 

p<.001, reffect 

size=0.62) 

ΔNone>ΔSome previous experience 

(ΔM1=1.0, ΔM2=0.27, U=72, 

p=.043, Z=-2.021, N=33, 

reffect size=0.35) 

Enjoyment 3.23 

(1.16) 

  4.03 

(0.86) 

None>Some previous 

experience (M1=4.33, M2=3.45, 

U=52, p=.007, Z=-2.71, N=32, 

reffect size=0.48) 

Pre<Post 

(N=32, Z=-2.41, 

p=.016, reffect 

size=0.43) 

  

Interest 3.59 

(1.08) 

Male>Female (M1=4.00, 

M2=3.3, U=80.5, p=.031, 

Z=-2.16, N=34, reffect 

size=0.37) 

4.09 

(1.04) 

  Pre<Post 

(N=32, Z=-1.82, 

p=.070, reffect 

size=0.32) 

  

Reaction 

Overall 

3.48 

(0.90) 

Male>Female (M1=3.87, 

M2=3.2, U=82, p=.022, 

Z=-2.28, N=35, reffect 

size=0.39) 

4.20 

(0.77) 

None>Some previous 

experience (M1=4.45, M2=3.70, 

U=54, p=.009, Z=-2.61, N=33, 

reffect size=0.45) 

Pre<Post 

(N=33, Z=-3.06, 

p=.002, reffect 

size=0.53) 
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The mean scores and statistically significant group differences for the Relevance 

dimension are described in Table 5. This dimension and all the items under it had statistically 

significant greater scores on the post-survey as compared to the pre-survey, with effect sizes 

varying from large (for most items and Relevance dimension overall) to medium (for the 

'Visually appealing' and 'Long term retention' items).  

In the pre-survey, male students had statistically significantly greater scores than 

female students in 'Simple' and 'Complex visualization' items and Relevance dimensions, with 

medium effect sizes.  

While in the post-survey, students with no previous experience of neuroanatomy had 

statistically significant greater scores only in the 'Simple visualization' item than those with 

some previous experience, with medium effect size. 



 

 
 

5
0

 

Table 5: Outcomes of the Relevance dimension. 

  Pre-survey Post-survey Pre-Post Comparison 

  Mean 

(SD) 

Significant Group differences Mean 

(SD) 

Significant Group differences Pre-Post differences 

Usefulness 3.71 

(0.82) 

  4.55 

(0.71) 

  Pre<Post (N=33, Z=-3.38, p=.001, 

reffect size=0.59) 

Visually 

appealing 

3.49 

(1.24) 

  4.31 

(0.86) 

  Pre<Post (N=32, Z=-2.62, p=.009, 

reffect size=0.46) 

Simple 

visualization 

3.63 

(1.26) 

Male>Female (M1=4.13, 

M2=3.25, U=91.5, p=.042, Z=-

2.04, N=35, reffect size=0.34) 

4.70 

(0.47) 

None>Some previous experience 

(M1=4.82, M2=4.45, U=77, p=.035, 

Z=-2.11, N=33, reffect size=0.37) 

Pre<Post (N=33, Z=-3.67, p<.001, 

reffect size=0.64) 

Complex 

visualization 

3.29 

(1.38) 

Male>Female (M1=3.87, 

M2=2.84, U=76, p=.018, Z=-2.37, 

N=34, reffect size=0.41) 

4.59 

(0.62) 

  Pre<Post (N=31, Z=-3.28, p=.001, 

reffect size=0.59) 

Spatial 

understanding 

3.69 

(1.13) 

  4.63 

(0.61) 

  Pre<Post (N=32, Z=-3.39, p=.001, 

reffect size=0.60) 

Long term 

retention 

3.54 

(1.04 

  4.28 

(0.96) 

  Pre<Post (N=32, Z=-2.67, p=.008, 

reffect size=0.47) 

Relevance 

Overall 

3.36 

(0.86) 

Male>Female (M1=3.66, 

M2=3.14, U=89.5, p=.043, Z=-

2.02, N=35, reffect size=0.34) 

4.30 

(0.52) 

  Pre<Post (N=33, Z=-4.04, p<.001, 

reffect size=0.70) 
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The mean scores and statistically significant group differences for the Result 

dimension and RRR survey are described in Table 6. The RRR survey and Result dimension 

(and all the items under it except 'Satisfaction') had statistically significant greater scores on 

the post-survey as compared to the pre-survey, with effect sizes ranging from large (for most 

items, Result dimension, and RRR survey overall) to medium (for the 'Satisfaction' item).  

In the pre-survey, male students had statistically significant greater scores than 

female students in the 'Change in attitude' item, Result dimension, and RRR survey overall, 

with medium effect sizes. 

While in the post-survey, students with no previous experience of neuroanatomy also 

had statistically significant greater scores in the 'Change in attitude' item, Result dimension, 

and RRR survey overall than those students with previous experience, with medium effect 

sizes. 
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Table 6: Outcomes of the Result dimension and RRR survey overall. 

  Pre-survey Post-survey Pre-Post Comparison 

  Mean 

(SD) 

Significant Group differences Mean 

(SD) 

Significant Group differences Pre-Post differences 

Ease in 

neuroanatomy 

2.25 

(0.92) 

  2.84 

(1.13) 

  Pre<Post (N=28, Z=-3.21, p=.001, 

reffect size=0.61) 

Change in 

attitude 

3.12 

(0.84) 

Male>Female (M1=3.53, 

M2=2.79, U=74, p=.011, Z=-

2.55, N=34, reffect size=0.44) 

3.91 

(0.64) 

None>Some previous experience 

(M1=4.09, M2=3.50, U=63, 

p=.020, Z=-2.33, N=32, reffect 

size=0.41) 

Pre<Post (N=32, Z=-3.93, p<.001, 

reffect size=0.69) 

Satisfaction 3.60 

(0.91) 

  4.06 

(0.95) 

  Pre<Post (N=32, Z=-1.92, p=.055, 

reffect size=0.34) 

Preparedness 

for exams 

3.20 

(1.16) 

  4.00 

(0.92) 

  Pre<Post (N=32, Z=-3.57, p<.001, 

reffect size=0.63) 

Result Overall 3.05 

(0.55) 

Male>Female (M1=3.29, 

M2=2.88, U=89, p=.040, Z=-

2.05, N=35, reffect size=0.35) 

3.71 

(0.65) 

None>Some previous experience 

(M1=3.88, M2=3.35, U=59, 

p=.036, Z=-2.09, N=32, reffect 

size=0.37) 

Pre<Post (N=32, Z=-4.00, p<.001, 

reffect size=0.71) 

RRR Overall 3.30 

(0.66) 

Male>Female (M1=3.60, 

M2=3.07, U=69.5, p=.007, Z=-

2.69, N=35, reffect size=0.45) 

4.08 

(0.59) 

None>Some previous experience 

(M1=4.25, M2=3.74, U=65, 

p=.032, Z=-2.14, N=33, reffect 

size=0.37) 

Pre<Post (N=33, Z=-4.05, p<.001, 

reffect size=0.70) 
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The mean scores of males were generally higher than females for all items in the pre-

survey and most items in the post-survey. These gender differences were relatively larger 

(Fig. 11) and statistically significant (as shown in Tables 4-6) for a few individual items 

('Attention,' 'Interest,' 'Simple,' and 'Complex visualization,' and 'Change in attitude'). Each 

RRR dimension and RRR survey overall, only in the pre-survey compared to the post-survey 

where differences were relatively smaller and statistically insignificant.  
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Fig. 11: Gender differences in outcome of RRR survey items. 

* Items, dimensions, and survey for which statistically significant gender differences were 

observed 
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The mean scores of Graduate and Undergraduate students were generally similar 

(Fig. 12), and no statistically significant differences were observed (Tables 4-6). 
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Fig. 12: Academic level differences in outcome of RRR survey items. 
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For the pre-survey, the mean scores of students with no previous experience of 

neuroanatomy were generally similar to students with some prior experience (Fig. 13), and no 

statistically significant differences were observed between them (Tables 4-6). However, for 

the post-survey, the scores of students with no previous experience were all greater than 

students with some previous experience. These differences were statistically significant for a 

few individual items ('Attention,' 'Enjoyment,' 'Simple visualization,' and 'Change in attitude'), 

Reaction and Result dimensions, and the RRR survey overall. 
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Fig. 13: Differences in outcome of RRR survey items based on previous experience of 

neuroanatomy. 

* Items, dimensions, and survey for which statistically significant differences were observed 

between none and some previous experience in neuroanatomy. 
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THE CONFIDENCE IN TOPICS SURVEY AND TESTS 

PCA examination of the factor structure of the post-survey indicated that all the 

corresponding items loaded significantly for the confidence in topics survey under a single 

factor with good loadings (for all except 'Lateral sulcus,' for which levels were satisfactory, 

Table 7).  

It was also confirmed to be suitable by KMO (for sample adequacy) and Bartlett's test 

of sphericity. Cronbach's coefficient alpha for internal validity indicated high levels of internal 

consistency. The confidence in topics survey was tested for external validity by correlating 

with the RRR post-survey overall and final score on the neuroanatomy exam. As expected, it 

showed a strong correlation with both. 

Table 7: PCA results and internal validity estimates of confidence in topics survey. 

 

KMO, 

Bartlett’s 

test  

Factor 

Loadings 

Cronbach 

coefficient 

alpha 

Correlation 

with RRR 

survey 

Correlation 

with Final 

score 

 Confidence 

in Topics 

Survey 

KMO=0.71, 

p< .001   0.82 

N=32, 

τb=.57, 

p<.001 

N=32, 

τb=.57, 

p<.001 

Lateral 

sulcus   0.6       

Cingulate 

gyrus   0.85       

Claustrum   0.76       

Thalamus   0.79       

Caudate-

head   0.83       
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The mean scores and statistically significant group differences for the Confidence in 

Topics Survey are described in Table 8. All the items had statistically significant greater 

scores on the post-survey with large effect sizes, which was also true for overall confidence in 

topics.  

While no significant group differences were observed in the pre-survey, on post-

survey, students with no previous experience of neuroanatomy had statistically significant 

greater scores in the 'Thalamus' item and overall than those students with some previous 

experience, with medium effect sizes. 
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Table 8: Outcomes of the Confidence in Topics Survey. 

  Pre-survey Post-survey Pre-Post Comparison 

  Mean 

(SD) 

Significant 

Group 

differences 

Mean 

(SD) 

Significant Group differences Pre-Post differences 

Lateral 

sulcus 

3.57 

(1.31) 
  

4.44 

(0.72) 
  

Pre<Post (N=32, Z=-3.12, p=.002, 

reffect size=0.55) 

Cingulate 

gyrus 

3.00 

(1.11) 
  

4.19 

(0.96) 
  

Pre<Post (N=32, Z=-3.91, p<.001, 

reffect size=0.69) 

Claustrum 
2.60 

(1.17) 
  

3.91 

(1.25) 
  

Pre<Post (N=32, Z=-3.98, p<.001, 

reffect size=0.70) 

Thalamus 
3.35 

(1.20) 
 

4.07 

(0.87) 

None>Some previous experience 

(M1=4.35, M2=3.50, U=50, p=.018, Z=-

2.37, N=30, reffect size=0.43) 

Pre<Post (N=29, Z=-3.01, p=.003, 

reffect size=0.56) 

Caudate-

head 

3.11 

(1.23) 
  

3.94 

(0.89) 
  

Pre<Post (N=31, Z=-2.99, p=.003, 

reffect size=0.54) 

Confidence 

in Topics 

Overall 

3.13 

(0.86) 
  

4.11 

(0.72) 

None>Some previous experience 

(M1=4.30, M2=3.7, U=58.5, p=.035, Z=-

2.10, N=32, reffect size=0.37) 

Pre<Post (N=32, Z=-4.44, p<.001, 

reffect size=0.79) 
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The mean scores and statistically significant group differences for the Test items are 

described in Table 9. Most of the items (except the 'Cingulate gyrus' and 'Thalamus' items) 

had statistically significant greater scores on the post-test, with effect sizes varying from large 

(for the 'Claustrum' and 'Caudate-head' items) to medium (for the 'Lateral sulcus' item), which 

was also true for the Tests overall (significant difference and having a large effect size). 

Gender differences were observed for the 'Cingulate gyrus' item, with female students having 

a greater pre-post increase than male students, with a medium effect size. While no 

significant group differences were observed in the pre-test, on the post-test, male students 

had statistically significant greater scores only in one item ('Thalamus') than female students, 

with a medium effect size. 
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Table 9: Outcomes of the Test items.  

  Pre-test Post-test Pre-Post Comparison 

  Mean 

(SD) 

Significant 

Group 

differences 

Mean 

(SD) 

Significant Group differences Pre-Post differences Significant Group 

differences 

Lateral 

sulcus 

0.65 

(0.48) 
  

0.91 

(0.29) 
  

Pre<Post (N=34, Z=-2.50, 

p=.013, reffect size=0.43) 
  

Cingulate 

gyrus 

0.71 

(0.46) 
  

0.85 

(0.36) 
  

Pre<Post (N=34, Z=-1.51, 

p=.132, reffect size=0.26) 

ΔFemale>ΔMale (ΔM1=0.32, 

ΔM2=-0.07, U=94.5, 

p=.043, Z=-2.02, N=34, 

reffect size=0.35) 

Claustrum 
0.53 

(0.51) 
  

0.88 

(0.33) 
  

Pre<Post (N=34, Z=-3.21, 

p=.001, reffect size=0.55) 
  

Thalamus 
0.68 

(0.48) 
  

0.85 

(0.36) 

Male>Female (M1=1.0, M2=0.74, U=105, 

p=.034, Z=-2.12, N=34, reffect size=0.36) 
Pre<Post (N=34, Z=-1.90, 

p=.058, reffect size=0.33) 
  

Caudate-

head 

0.03 

(0.17) 
  

0.76 

(0.43) 
  

Pre<Post (N=34, Z=-5.00, 

p<.001, reffect size=0.86) 
  

Test 

Overall 

0.52 

(0.30) 
  

0.85 

(0.26) 
  

Pre<Post (N=34, Z=-4.10, 

p<.001, reffect size=0.70) 
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The mean scores of males were generally higher than females for most of the items 

and overall in the Confidence in topics pre-survey, pre-test, and post-test (except the 

'Cingulate gyrus' item in post-test, Fig. 14-15), with statistical significance, observed only in a 

post-test item 'Thalamus' (Table 9). 

However, for the Confidence in topics post-survey, the mean scores of males were 

very similar to females, again with no statistically significant difference observed.  
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Fig. 14: Gender differences in the outcome of Confidence in topic surveys. 
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Fig. 15: Gender differences in the outcome of tests. 

* Item (‘Thalamus’ post-test) where a statistically significant gender difference was observed 
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The mean scores of undergraduate students were generally higher compared to that 

of graduate students for most items and, overall, in the Confidence in topics pre-survey, post-

survey, pre-test, and post-test (Fig. 16-17).  

These differences were relatively smaller, and scores were more similar post-survey 

and post-test. 

However, no statistically significant academic level difference was observed in any of 

the Confidence in topics surveys or tests (Tables 8-9).  
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Fig. 16: Academic level differences in the outcome of Confidence in topic surveys. 

.  
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Fig. 17: Academic level differences in the outcome of tests. 
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In the post-survey, students with no previous experience of neuroanatomy scored 

higher than students with some prior experience in all items and overall (Fig. 18). Statistical 

significance was observed only in the item 'Thalamus' and overall, with medium effect sizes 

(Table 8). 

No statistically significant difference due to previous experience with neuroanatomy 

was observed in the pre-survey, pre-test, and post-test (Tables 8-9, Fig. 18-19). 
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Fig. 18: Differences in the outcome of Confidence in topic surveys, based on previous 

experience of neuroanatomy 

* Item and survey for which statistically significant differences were observed between 

students with none or some prior neuroanatomy experience. 
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Fig. 19: Differences in the outcome of tests, based on previous experience of neuroanatomy. 
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On Correlational analysis, the confidence in topics dimensions post-survey and post-

test showed strong and significant (τb >.32, p<.01) correlations with each other (Table 10). 

However, the Confidence in topics pre-survey and pre-test showed weak and insignificant 

correlations with each other and the post-intervention counterparts.  

The lack of correlation between the confidence in topics pre- and post-survey, or the 

pre-and post-test, was further visualized by plotting the average post-intervention scores for 

each value of the pre-intervention score (Fig. 20), in which the values of post-intervention 

scores were generally high for all values of the pre-intervention scores (not just high ones). 

 

Table 10: Correlational analysis of the Confidence in topics surveys and tests 

  

Confidence in 

topics-pre Pre-test 

Confidence 

in topics-

post 

Post-

test 

Confidence 

in topics-

pre 

. N=34, 

τb=.20, 

p=.140 

N=32, 

τb=.19, 

p=.145   

Pre-test 

N=34, τb=.20, 

p=.140 

. 

  

N=34, 

τb=.08, 

p=.581 

Confidence 

in topics-

post 

N=32, τb=.19, 

p=.145 

. . N=32, 

τb=.42, 

p=.005* 

Post-test 

  

N=34, 

τb=.08, 

p=.581 

N=32, 

τb=.42, 

p=.005* 

. 

 

* Correlation is significant at the 0.01 level (2-tailed) 
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Fig. 20: Pre-Post comparison of scores in Confidence in topics surveys and tests. Dotted line 

represents the average post-intervention score. 
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SUPERFICIAL VS DEEP STRUCTURES:  

 

The superficial and deep groups in the Confidence in topics surveys and tests were also 

analyzed individually to find differences concerning gender, academic level, and previous 

experience in neuroanatomy. Statistical significance was observed only in the post-survey for 

deep structures, where students with no previous experience in neuroanatomy scored higher 

than those with some previous experience, with a medium effect size (Fig. 23, Table 11). 

Comparing the (pre to post-intervention) increases in the score of superficial structures Vs. 

deep structures, with depth as the repeated measure, statistical significance was observed 

only in the tests, where the increase in scores was greater for deeper structures, with medium 

effect size and no group interactions. 

On comparing the superficial Vs. deep structures within the same condition/time, with depth 

as the repeated measure (within the same survey or test), the mean scores of the superficial 

structures were greater than the deep structures. However, overall statistical significance was 

only observed in the post-survey and pre-test, with effect sizes varying from large (for pre-

test) to medium (for post-survey), and no group interactions (Fig. 9, Table 11). But in the post-

test (although no significance overall), females did have significantly higher (and positive) 

increase in scores concerning the superficiality of structures, which was counterbalanced by 

males having a lower and negative increase in scores for superficiality (therefore greater 

scores for deeper topics, as described in the previous section), with medium effect size (Fig. 

21, Table 11). 

Finally, on analyzing the increased difficulty for deep structures (the difference in scores of 

superficial and deep structures within the same condition/time) and comparing their increase 

in pre- to post-intervention scores, statistical significance was observed only in the tests in 

which the increased difficulty for deeper structures was more in the pre-test as compared to 

the post-test, with medium effect size and no group interactions. 
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Table 11: Outcomes of various comparisons of the mean scores of Superficial Vs. Deep 

structures 

 

 

 

  Pre-intervention Post-intervention Comparisons 

  Mean 

(SD) 

Significant 

Group 

differences 

Mean 

(SD) 

Significant 

Group 

differences 

Pre-post 

differences 

ΔSuperficial-ΔDeep 

comparisons 

Confidence 

in topics - 

superficial 

structures 

3.28 

(1.07) 

  4.31 

(0.73) 

  Pre<Post 

(Z=-4.16, 

p<.001, 

N=32, 

reffect 

size=0.74) 

Δsuperficial>ΔDeep 

(M1=1.03, 

M2=0.83, Z=-

0.81, p=.419, 

N=32, reffect 

size=0.14) 

Confidence 

in topics - 

deep 

structures 

3.24 

(1.09) 

  4.03 

(0.78) 

None>Some 

previous 

experience 

(M1=4.27, 

M2=3.50, 

U=50, 

p=.013, Z=-

2.49, N=32, 

reffect 

size=0.44) 

Pre<Post 

(Z=-3.49, 

p<.001, 

N=32, 

reffect 

size=0.62) 

Test - 

superficial 

structures 

0.68 

(0.39) 

  0.88 

(0.28) 

  Pre<Post 

(Z=-2.35, 

p=.019, 

N=34, 

reffect 

size=0.40) 

ΔSuperficial<ΔDeep 

(M1=0.20, 

M2=0.46, Z=-

2.40, p=.017, 

N=34, reffect 

size=0.41) 

Test - deep 

structures 

0.35 

(0.26) 

  

0.81 

(0.33) 

  Pre<Post 

(Z=-4.31, 

p<.001, 

N=34, 

reffect 

size=0.74) 
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Superficial-Deep 

Comparisons 

(increased 

difficulty for deep 

structures) 
Observed differences 

Significant group 

interactions 

ΔPre-ΔPost 

comparisons of 

increased 

difficulty for 

deep 

structures 

Confidence in 

topics Pre-

survey 

Superficial>Deep (Z=-

0.30, p=.762, N=35, reffect 

size=0.05) 

  

ΔPre<ΔPost 

(M1=0.04, 

M2=0.28, Z=-

0.81, p=.419, 

N=32, reffect 

size=0.14) 

Confidence in 

topics Post-

survey 

Superficial>Deep (Z=-

2.21, p=.027, N=32, reffect 

size=0.39) 

  

Pre-test 

Superficial>Deep (Z=-

3.87, p<.001, N=34, reffect 

size=0.66) 

  Δpre>ΔPost 

(M1=0.32, 

M2=0.07, Z=-

2.40, p=.017, 

N=34, reffect 

size=0.41) Post-test 

Superficial>Deep (Z=-

1.29, p=.197, N=34, reffect 

size=0.22) 

ΔMale<ΔFemale (M1=-

0.07, M2=0.18, U=88, 

p=.026, Z=-2.23, 

N=34, reffect size=0.38) 
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The mean scores of males were slightly higher than females for most of the 

superficial and deep structures on the Confidence in topics surveys (except deep structures 

on the post-survey). In contrast, females had greater pre to post-increases for these 

subgroups (Fig. 21), but no statistically significant difference was observed for any of these 

observations (Table 11). 

Likewise, for the tests, the mean scores of males were slightly higher than females for 

most subgroups (except superficial structures on the post-test). However, a statistically 

significant difference was observed only in the item describing increased difficulty for deep 

structures on the post-test, where females had positively increased difficulty, in contrast, 

males had negatively increased (decreased) difficulty for deep structures, with medium effect 

size. 
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Fig. 21: Gender differences in the comparisons of the mean scores of Superficial Vs. Deep 

structures. 

* Item where a statistically significant gender difference was observed 
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The mean scores of undergraduate students were slightly higher than those of 

graduate students for most of the items for the superficial and deep structures on the 

Confidence in topics surveys and tests (Fig. 22); however, no statistically significant 

difference was observed (Table 11). 

Fig. 22: Academic level differences in the comparisons of the mean scores of Superficial Vs. 

Deep structures 
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The mean scores of students with no previous experience in neuroanatomy were 

slightly higher than students with some previous experience for the superficial and deep 

structures on the Confidence in topics post-survey (but similar scores for the subgroups in 

pre-survey pre-and post-test, Fig. 23), and statistical significance was observed in the item 

deep structures on post-survey, with medium effect size (Table 11). 
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Fig. 23: Differences based on previous experience of neuroanatomy in the outcome of 

comparisons of the mean scores of Superficial Vs. Deep structures. 

* Item where a statistically significant difference based on previous experience of 

neuroanatomy was observed 
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QUALITATIIVE ANALYSIS: 

While students stated that they appreciated different themes of the program, there were 

still areas that they disliked and offered improvements to the program. As aforementioned in 

methods, the qualitative questions were all broken down into codes and then simplified to create 

a concise code. Reviewing the answers for what the students liked about the program, there were 

11 specific codes; then, they were grouped into 4 (Technology, Features, Content, and Realism) 

concise codes. While reviewing the responses to what the students disliked about the software, 

there were 6 initial codes and then 5 (Tech, Features, Content, Realism, and Time). The 

responses of students' input to what could be improved were a total of 7 initial codes, reduced to 

the same 5 codes as earlier (Tech, Features, Content, Realism, and Time), detailed in Table 12. 

What they liked 

When asked what they liked, eight phrases expressed likeness of the access and ease of 

the software (technology), 47 favored the features, 13 about the content, and three suggested it 

was an improvement over 2D (realism). The students stated that they "could navigate [the app] 

as quick or slowly as [they] wanted," and the ability to move view/rotating structures "made it 

easier" for them. The ability to "view the anatomy from any angle" allowed for more than a 

"superficial understanding" and offered a "more holistic view" in contrast with "just memorizing 

structures." The amount of detail that was offered by the software provided students the "ability to 

dissect whenever for better understanding" and "how organized everything was" "organized into 

subsets like the brainstem, etc." in "different perspectives available" so that they could see "how 

structures related [sic] to each other and seeing them all together." Students highlighted that the 

options to "add/subtract structures" and "go deeper in the brain as desired" were significant in 

their understanding of the content. They also liked the ability to "pick out different sections to go 

more in-depth on them specifically." The slicing feature and sectional anatomy in Anatomy 

learning allowed students to "visualize how the different structures change throughout the brain." 

Furthermore, students stated that the ability to "dissect/fade through structures" and 

"transparency option" allowed for a deeper understanding of the material. Students also 

mentioned the benefits of "color coding" (which made boundaries clearer in the 
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'AnatomyLearning' software), the "search bar," and the "quiz feature." Many students stated that 

the software helped achieve a greater understanding of the complex brain structure and "spatial 

awareness of where all structures are" and the ability to "mentally map out where certain 

structures were in the brain by choosing specific key features (ex. central gyrus, claustrum, etc.)" 

which helped in "retention and genuine learning of the structures ."They also admired "external 

brain morphology and functional areas in the 'Visible Body' software." 

What they disliked 

When asked what students disliked, 15 stated they disliked the technological aspect, 13 

disliked certain features, 5 disliked the tags (content), and 8 disliked the lack of tactile and 

unrealistic pictures (realism). One stated dislike of the short time/duration of the course. The 

software (especially the 'Visible Body' software) took a "toll" on students' computers and had 

some glitches (especially the 'AnatomyLearning' software), which did not allow them to use it 

freely. One student stated that the software was "incompatible with [multiple] computers" and had 

to "partner up with another student." The structure of the 3D software (especially the Visible body 

software) was sometimes unclear; thus, it was difficult to "navigate through" the cross-sections, 

and they had difficulties (sudden unintentional resets to view/structures, imperfect isolation, 

unintentional deletions) trying to "search for features" and "find some structures ."Also, it was 

"hard to see certain structures that were hidden behind others, such as the anterior side of the 

cerebellum" (hidden behind the brainstem), and the Anatomy learning software did not have the 

"descriptions of the structures or an isolation feature, like that of Visible Body. "Regarding tags, 

students stated that "some parts were not labeled" in particular/all views and "didn't like how the 

names were different across the board from the checklist." Many students highlighted that the 

software created a "very simplistic" and unrealistic experience for them and wished they had a 

"hands-on" experience with an actual brain; however, due to covid, this was not possible. It was 

also stated that they disliked the time frame of the program. 

Scope of improvement 

When students were asked to offer suggestions on how to improve the course, 12 

students stated that the software/technology should be improved, 17 stated that the features 
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should be improved, 11 stated the content should be improved, 4 expressed the importance of 

accuracy and realism, and lastly four that there should be more time. At the same time, only two 

undergraduates expressed improvement in the navigation control of the software and assembly 

control of the structures, every graduate student communicated the importance of improving the 

navigation system (especially in the 'AnatomyLearning' software, which had some glitches and 

imperfect controls). Also, they stated a need for "deeper training of how to use Visual Body" as 

they found it "a bit confusing." Students suggested a "search bar" to facilitate their search in the 

'AnatomyLearning' software and more improvements to the search and isolate feature in the 

'Visible Body' software. Moreover, a student compared the program to "Show me the brain" as 

they stated it "was significantly easier to control and navigate," which our software did not do well. 

A student suggested that the course "stick with only one application in the future." Moreover, 

students want the opportunity to "take apart and put together" more efficiently while having the 

ability to add tags/labels to "certain structure[s]." They mentioned that "highlighting what was 

important to study" or "readily available set of digital flashcards." Another student suggested that, 

"printable fill-in the black 'coloring book' pages to help have a truly hands-on aspect to the class." 

It was mentioned that, "some software/websites have clinical images to accompany programmed 

neuroanatomy," which can help the students who mentioned their desire for a more accurate 

brain representation. Some students wanted the diagrams to "look more realistic" and that the 

"brain [be] colorized as an actual brain is" or a different greyscale version like we provided for 

testing. Moreover, only undergraduate students highlighted that they wanted more time in the 

course as they felt the material was dense to learn in the given period. 
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Table 12: Major themes identified from open responses regarding likes, dislikes and scope of 

improvement. 

  

 

Themes What they liked What they disliked 

What needs 

improvements 

Technology Freely accessible 

Incompatible on some 

devices 

One unified app for all 

use 

 
Easy to use 

Heavy and memory 

intensive software Remove glitches 

 
Beautiful rendering Glitches and lags 

 

Features 

Organization into 

subsets and 

perspectives 

Search due to unclear 

structure and user 

interface 

Deeper training to use 

software 

 
Navigation speed 

Difficulty to navigate 

cross sections 

Better navigation 

controls 

 

Rotating view to look 

at different angles 

Unintentional rotations, 

resets and deletions Better rotation control 

 

Ability to zoom in or 

out 
 

Better zoom and 

scrolling control 

 

Ability to fade thru 

(transparency) or 

dissect 
 

Better dissection 

tools/control 

 

Ability to add or 

subtract structures 

and go deeper 
 

Better assembly and 

disassembly controls, 

'take apart and put 

together' like real 

models 

 

Specific isolation of 

structures 

Imperfect isolation and 

hindered view 

Better isolation of 

structures 

 

Moving thru different 

cross sections by 

slicing feature 
 

Ability to add 

tags/labels, comments 

and highlighting text 

 

Delineation by color 

coding and contrast 
 

Additional greyscale 

view as in exam/real 

life 

 

Search and quiz 

feature 

Difficulty to search 

structures 

Improvement to search 

bar 
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Content 

Complex brain 

structure and fine 

details 

No detailed descriptive 

text 

Clinical images, 

supplementary material 

like flashcards and 

coloring book 

 

Holistic view and 

relations 

Tags: some completely 

absent, some absent in 

specific views, some 

different from the 

checklist provided More tags and labels 

 

Spatial awareness 

and mental mapping 
  

 

Retention and 

genuine learning 
  

Realism 

A definite 

improvement over 2D 

Simplistic, cartoonish 

and unrealistic 

More accurate 

structure and realistic 

colors in sections and 

views 

  

Lack of tactile/hands-

on experience 
 

Time 
 

Short course duration More time to study 
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DISCUSSION 

The study introduces a new instrument for self-reporting student data on the 

effectiveness of learning interventions (the Reaction-Relevance-Result survey) and adds value to 

the existing evidence for the effectiveness of 3D software in neuroanatomy education. The 

addition of 3D visualization may significantly improve and upgrade the existing teaching 

techniques, especially in a diverse group of students with various spatial visualization needs. 

DEMOGRAPHICS 

The student population in STEM fields generally consists of mostly male students (over 

80%; NSF, 2017). Nevertheless, female participation in science and technology courses has 

been gradually increasing over time and surpassing the male population in many areas, including 

biological sciences in general (NSF, 2017) and neuroscience (graduates overall and specifically 

at bachelor's and master's level but not doctoral yet; Ramos, 2017). This was also true for the 

undergraduate population in our study (64% females) and overall (57% females) as compared to 

graduate students, which still consisted of a male majority (60% males); however, there was no 

observed statistically significant relationship between gender and academic level.  

Apart from these gender differences, an increase in the number of students enrolling in 

neuroscience programs and of new such programs has led to an increase in the proportion of 

neuroscience students among other life sciences majors, especially at the undergraduate level 

where neurosciences graduates outnumber most all other majors (Ramos et al., 2016a; Ramos, 

2017). These trends predict that the proportion of female graduates in neuroscience and life 

sciences, in general, will keep increasing and dominating over time. These findings may be 

helpful to faculty and administration of neuroscience programs to prepare for and address the 

cognitive needs of a demographically changing population. 
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USAGE 

Mind wandering is a cognitive problem when students study for long periods; it occurs 

with higher levels in males than females in a neurotypical population or equal levels in the 

population with ADHD (Mowlem et al., 2019). Leaders of online education like Salman Khan 

(founder of Khan Academy supported by Bill Gates) and Daphne Koller (co-founder of Coursera 

at Stanford University) are in favor of shorter 10-minute online lectures as they are concerned 

about the inability of students to remain attentive for extended periods (Khan, 2012; Koller, 2011; 

Szpunar et al., 2013). Studies have shown that mind wandering is a frequent problem that occurs 

regardless of lecture duration and is more probable when online education takes place in a 

personal space like a dorm or home, which is full of distractions (Risko et al., 2012, 2013; 

Szpunar et al., 2013). The problem of mind wandering can be minimized by using tactics like 

interpolated testing, note-taking, and visuals which are more graphic, dynamic, and complex 

leading to increased engagement (Szpunar et al., 2013). 

Regarding usage, our students studied the software for up to an hour, similar to 

traditional teaching methods of 1-hr lectures. They also reported using it somewhere between 5-

10 times during the short duration of the study of fewer than two weeks. There are few studies in 

neuroscience or anatomy education regarding time duration and attention span during the usage 

of 3D apps and particularly in a student's personal space. In most studies, usage is limited by the 

experimenter and is conducted in an institutional setting, in which session duration lasts from 20-

30 minutes only (Hu et al., 2016; Fleagle et al., 2018; Donnelly et al., 2009; Jamil et al., 2019). 

Students in our study reported software usage for lengthy and frequent durations, which may be a 

result of enhanced engagement by 3D content as compared to traditional 2D resources (which 

are dull and cognitively overloading, hence uncomfortable) due to the better visuals and colorful 

graphics of the 3D apps, which were also praised in the qualitative feedback survey. This 

feedback suggests the importance of using 3D software in neuroanatomy education to enhance 
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learning in students, a population riddled with increasing mind wandering and decreasing 

attention span. 

Learning with any 3D software can be overwhelming to many students as they are using 

it for the first time, making it challenging to build concepts while constantly moving them in a 3D 

space and learning these new controls and features; however, their overall perception is 

generally welcoming (Jamil et al., 2019). Although younger generations, like millennials and 

Generation Z, are more technologically sound, it will still take some time for broader adoption of 

this 3D software as it is a gradual process (Hope, 2018). Their introduction in the classroom 

should be gradual, aiming for learning benefits rather than just improving the (technology-

mediated) visualization, done either through self-guided assignments or small teaching sessions, 

also providing mental rotation training (especially for populations with lower spatial ability, which 

has a constant and residual effect while using 3D over 2D resources, where 3D applications 

significantly benefit all students but trained group significantly outperforms the untrained group 

before and even after the 3D intervention), and most importantly giving them enough time, to help 

students adapt on the new pedagogical environment to allow proper learning to take place (Jamil 

et al., 2019; Roach et al., 2019). 

Students in our study reported little ease in learning new software, little history with the 

software used in this study, and little agreement with the software's well-organization (which was 

also indicated in the qualitative feedback), which makes the novelty issue a significant concern 

regarding its usage. However, students highly recommended using such software in the future, 

which suggests that they are willing to overcome the barriers of novelty and appreciate the gains 

of its usage. 

Gender differences were observed in comfortability with software usage, especially 

regarding ease of virtual dissection on the software, where males experienced slight ease. In 

contrast, females experienced little unease doing virtual dissections on the software, with a 

medium effect size of this gender difference. Previous experience with neuroanatomy or 

academic level did not affect the ease of virtual dissection or the comfortability of software usage 
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in general reported by students. This implies that there may be some entry barrier for females or 

other populations with low spatial abilities to use the 3D software and utilize the full benefits of the 

3D visualizations. 

 

 

THE REACTION-RELEVANCE-RESULT SURVEY 

The 13-item RRR survey developed based on traditional theories of learning like the 

Kirkpatrick and ARCS models, was tested on online learners during the COVID-19 epidemic. The 

RRR survey measures self-perceived motivation and learning benefits of study intervention (in-

person or online/virtual) by measuring three components (reaction, relevance, and result). The 

instrument can be used to compare the sub-scores of the three components and generate an 

overall RRR score representing the study intervention's learning effects. 

The tool was developed keeping in mind the four domains of the ARCS model and the 

four levels of the Kirkpatrick model, converging into the three components of RRR (reaction, 

relevance, and result). These three components were predetermined instead of performing 

dimensional reduction of a broader questionnaire as students confuse the affective and cognitive 

aspects of learning, especially at the beginning of courses, leading to cross-loadings and inter-

correlations among items, which may lead to complications in the analysis (Rovai et al., 2009). 

PCA confirmed the three components as unidimensional. Most factor loadings were good, and 

only four were just satisfactory. The absence of subscales due to the one-dimensionality of these 

components required no rotation, generated no cross-loadings, and resulted in an instrument 

accounting for all the variance in respective components. The RRR survey showed high levels of 

internal consistency and validity, proving to be a valid measure of these components. It can help 

to differentiate between the affective and cognitive benefits and compare them among different 

types of courses. Its use in other related disciplines or a more significant curriculum would further 

validate the instrument and provide the opportunity for improvement. 
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The RRR survey can be an essential tool for education research, mainly because there is 

much debate on the efficiency of various teaching modalities, whether traditional or modern (or 

even hybrid). The introduction of online and hybrid courses during the COVID-19 period resulted 

in many researchers and instructors testing these courses for their learning efficacy. Authors 

have pointed out (Rovai et al., 2009; Tallent-Runnels et al., 2006) that educational research 

needs more systematic studies for online learning to measure the effectiveness of these courses, 

especially in domains of academic success and thinking skills rather than student preferences or 

faculty satisfaction, and to measure variables based on learning theories and models of teaching, 

they also noted that many existing studies use only single-item questions for a particular 

measure. Our RRR survey addresses all these issues and can be used for research across 

multiple disciplines related to anatomical sciences, giving a more comprehensive evaluation 

score across various aspects of motivation rather than just analyzing a simple score of a final 

exam like many studies reports. Changing the items on the RRR survey components, adding 

more components, or combining the survey with pre-validated instruments for a more in-depth 

investigation into specific aspects of learning or environments and practices, can lead to 

developing a better tool to measure the learning effectiveness of such courses. Since it was 

developed and tested on an online course in neuroanatomy, it is more suitable for such purposes 

and can be used for traditional offline or blended courses (given the rise in the blended approach 

due to technological advances and changing needs of students). It can also be used for other 

student populations in the medical, psychological, and biological sciences. 

All the different technologies and approaches have their benefits and suit different needs. 

While the traditional approaches might be more time-tested and favored by the status quo, newer 

technologies have created demand in young learners who are more comfortable with changing 

trends. The RRR survey can help researchers understand the difference in perception and 

benefits between these approaches and help them choose a more practical approach to learning. 
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OUTCOMES OF THE RRR SURVEY 

As aforementioned, the post-survey scores for the 3D intervention were significantly 

higher (and mostly with large effect sizes) for the RRR survey overall and its components and 

most items than the pre-survey, which was given after the 2D intervention, suggesting that the 3D 

intervention was effective and more effective than the 2D resource used for neuroanatomy 

learning. Regarding the Reaction component of the RRR survey, the students' feedback showed 

a very positive reaction to the introduction of the 3D intervention as perceived by students. While 

they may or may not show more interest in studying the 3D resource, they felt it is more enjoyable 

and grabs more attention (demonstrated by the large effect size observed in the analysis) 

compared to 2D resources. Regarding the Relevance component of the RRR survey, the 

feedback showed that the students perceived the 3D intervention as more relevant to their 

educational needs than the 2D resource. They acknowledged that the 3D intervention is more 

visually appealing and helps better in long-term retention than the 2D resource and that they 

found the 3D resource to be more useful in learning, more helpful in visualization of simple and 

complex structures, and more beneficial for spatial understanding owing to the significant effect 

sizes in these comparisons. 

Regarding the Result component of the RRR survey, the feedback showed that the 

students perceived the 3D intervention gave better learning results than the 2D resource. While 

they may or may not be more satisfied with studying the 3D resource, they felt it is more helpful in 

changing their attitude towards neuroanatomy and preparing them for the exams, compared to 

the 2D resources. It can be concluded that not only the RRR survey overall but every component 

(the reaction to the 3D intervention, self-perception of its relevance, and results of learning) 

showed that self-reported outcomes of the 3D intervention were all very positive and were well-

appreciated by the students to be more helpful than the 2D resource. 

There were some gender differences observed in the analysis of the RRR surveys, which 

were found to be interesting. In the pre-survey for the 2D resource, male students had 

significantly higher scores than female students for the RRR survey overall, all its individual 
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components, and many items, with medium effect sizes. Male students reported giving more 

attention, having more interest, better visualizing the simple and complex structures, and having a 

more positive attitude after the 2D resource than female students. However, no such gender 

differences were observed in the RRR post-survey after the 3D intervention. This suggests that 

the self-perceived effectiveness of 2D resources in male students is more than in female 

students. Also, although there may be some usage-related entry barriers in 3D resources for 

female students, as discussed earlier, they perceive the 3D resources to be as effective as the 

male students. This suggests that the 3D intervention brings some gender equality in the self-

perceived effectiveness of the intervention once the entry barriers are crossed.  

As aforementioned, younger generations tend to be more technologically sound, yet no 

group differences were observed regarding students' academic level (undergraduate or graduate 

level). This suggests that 3D intervention was effective enough to help students overcome any 

age-related entry barrier and learning difficulty.  

Nevertheless, some interesting observations were found concerning their previous 

neuroanatomy experience. While the pre-survey showed no group differences regarding the 

academic level or previous experience, the 3D intervention led to group differences in the post-

survey, where students with no previous experience seemed to consider the 3D intervention more 

effective compared to students with some previous experience. Students with no previous 

experience had significantly higher scores for the RRR survey, two individual components, and 

some items with medium effect sizes. They had a better reaction to the 3D intervention in which 

they reported paying more attention as they enjoyed it more, which was also demonstrated by 

one (and the only) significant pre-post group difference in the RRR survey, which confirmed their 

increased attention to the 3D intervention over the 2D resource as compared with students with 

some previous experience. Students with no experience also self-perceived better results of the 

3D intervention and a more positive change in attitude towards neuroanatomy, but not regarding 

the relevance of the 3D intervention where experience seemed to play no role overall or in any 
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items except for visualization of simple structures (and not complex structures) when compared 

with students with some previous experience.  

This suggests that for inexperienced students, the perception of their reaction and results 

of the 3D intervention was higher than that of students with some prior experience. This may be 

due to the use of real cadavers or a better learning environment experienced by the students with 

prior experience, leading to some bias and their decreased self-perception of reaction and results 

(but only relevant for visualization of only simple structures). So previous experience may hinder 

acceptance of newer technologies, especially when they tend to replace traditional methods like 

cadaver-based learning but remain equally relevant and may be better for complex structures, as 

discussed later. The evolution of educational technologies and the introduction of new learners 

who have not experienced the old learning methods will decrease this resistance and facilitate the 

inevitable transition to a more technologically enhanced form of neuroanatomy learning.  

THE CONFIDENCE IN TOPICS SURVEY AND TEST 

The 5-item confidence in topics survey and test, an instrument that was developed based 

on five brain structures commonly taught and tested in neuroanatomy exams, can be used as a 

tool to measure the self-perceived confidence of students in their neuroanatomy knowledge and 

their performance in exams, for analyzing the learning benefits of the study intervention. The tool 

contained two superficial, one intermediate, and two deep structures. Factor analysis of the 

survey component confirmed the instrument as unidimensional. All the factor loadings were good, 

and only one was just satisfactory. The survey showed high internal consistency and external 

validity levels, proving to be a valid measure of student's confidence in their neuroanatomy 

knowledge. Interventions that increase confidence may lead to better results. The tool can be a 

quick diagnostic tool to assess students' confidence and knowledge. It serves as a tool neither 

too simplistic as a one-question query nor too complicated as some multiple paged tests. 

Changing or adding of few more questions to the 5-item tool and its use in other related courses 

and disciplines will provide the opportunity for its improvement and further validate this instrument 

in the future. 



 

96 
 

OUTCOMES OF THE CONFIDENCE IN TOPICS SURVEY AND TESTS 

As shown earlier, the post-survey and test scores for the 3D intervention were 

significantly higher (and mostly with large effect sizes) than the pre-survey, which was given after 

the 2D intervention, suggesting again that the 3D intervention was very effective and more 

effective than the 2D resource used for neuroanatomy learning.  

The lack of correlation between the pre-survey and pre-test suggested that students' 

confidence levels in their neuroanatomy knowledge did not reflect their actual knowledge after the 

2D intervention, suggesting a lack of clarity and insight after using 2D resources. On the other 

hand, the post-survey and post-test showed a strong correlation. Their confidence levels reflected 

their knowledge after the 3D intervention, suggesting that the 3D approach brings more clarity 

and insight.  

Also, the lack of correlation between pre-intervention scores with post-intervention 

counterparts and equitable distribution of post-intervention scores suggested the improvement in 

scores is due to the 3D intervention among all students irrespective of their knowledge based on 

the 2D resources. The 3D intervention benefitted all and not just a few students, which is very 

desired in society. 

Gender differences that were observed in the RRR pre-survey were absent in the case of 

the confidence in topics pre-survey and pre-test, suggesting that although female students 

underestimated the effectiveness of the 2D resources as compared to male students, it did not 

lead to a difference in their confidence levels in neuroanatomy knowledge or performance in 

tests. Hence, it only affected their likeability but not their confidence or performance, which may 

be due to extra resolve or effort put in by the female students (which could not be confirmed as 

the usage statistics needed to be more reliable). 

Regarding the post-survey and test, group differences due to previous experience in 

neuroanatomy were again seen, but only in the survey component (with medium effect sizes) and 

not the post-test, suggesting that since the effectiveness of the 3D intervention was 
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underestimated by students with some previous experience in neuroanatomy as compared to 

students with no previous experience, it also led to a difference in their confidence levels in 

neuroanatomy knowledge. However, their performance in tests did not reflect this. Hence, it 

affected their likeability and confidence but not their performance, which may result from their 

underestimating their actual knowledge or their seriousness for exams. 

Apart from these two group differences encountered earlier, a new situation was 

observed. Although there were no gender differences observed overall in the post-test or pre-post 

increase of scores, there was a significant difference in the two situations. First, for the cingulate 

gyrus (a superficial structure), the pre-post increase was more in females than males, and 

secondly, for the thalamus (a deep structure), males had a higher score than females in the post-

test. This may suggest that females may have benefitted more from the change to 3D intervention 

over 2D resources, but probably for some superficial structures only (not overall). In contrast, 

male students had more knowledge than females in the case of some deep structures but only 

after the 3D intervention. This may suggest a gender differential role in learning benefits achieved 

at the end despite having no gender effect overall in any of the confidence in topics surveys or 

tests (more superficial structure benefits for females and more deep structure knowledge at the 

end for males). This idea was further explored and cleared in the next section. 

OUTCOMES OF SUPERFICIAL VS DEEP STRUCTURES 

As discussed earlier, the confidence in topics surveys and tests consisted of 5 items, out 

of which two were superficial structures (Lateral Sulcus and Cingulate gyrus), one was an 

intermediate structure (Claustrum), and two were deep structures (Thalamus and Caudate-head). 

For simplicity of the analysis, only the superficial and deep structures were compared on their 

pre- and post-intervention scores on surveys and tests. As expected, and just like the confidence 

in topics overall, the superficial and deep structures both had significantly higher scores for the 

post-intervention counterparts, suggesting that the 3D intervention was effective and more 

effective than the 2D resources for both the superficial and deep structures. 
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The post-survey for deep structures had significantly higher scores for students with no 

experience in neuroanatomy than students with some experience. However, this difference was 

not observed for the post-test or any pre-intervention counterparts, just as we encountered 

confidence in topics overall. This suggests again that since students with some previous 

experience in neuroanatomy underestimated the effectiveness of the 3D intervention, it also 

reduced their confidence levels in neuroanatomy knowledge of deep structures. However, these 

did not affect their performance in tests. So, for the deep structures, these students are less 

confident than the inexperienced students after the 3D intervention but still perform equally. 

However, no significant reduction in either confidence or performance was observed for 

superficial structures. However, this lack of trust in 3D intervention for deep structures by some 

students was also present in confidence in topics. It did not necessarily mean that they trusted it 

any less or more for superficial structures. Students with some prior experience have some trust 

issues with the 3D intervention, overall and especially in deeper structures, although they give the 

same results as inexperienced students. 

While analyzing the pre-post intervention increases and then comparing them for 

superficial and deep structures, the increase for deep structures was significantly higher than 

superficial in the case of tests (but no significant difference was observed in the case of surveys). 

This means that while the 3D intervention may or may not lead to an increase in confidence 

levels in the case of deep structures, it certainly did lead to better enhancement of performance 

on the tests for deeper structures. This means that the 3D intervention enhanced performance in 

both superficial and deep structures but proved more beneficial for deep structures. 

While comparing the scores of superficial and deep structures within the exact 

condition/time, superficial structures had a significantly higher score than deep structures in the 

post-survey and pre-test, and higher but not significantly for the pre-survey or post-test. This 

suggests that scores on superficial structures are generally higher than on deep structures at any 

given time. While students may or may not have more confidence in their knowledge of superficial 

structures after the 2D intervention, they certainly did have more confidence in superficial 
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structures than deep structures after the 3D intervention. However, their performance told a 

different story, according to which they performed better on superficial structures on 2D 

intervention but may differ for superficial and deep structures after the 3D intervention.  

This means that while there may or may not be a difference in confidence for superficial 

and deep structures after studying the 2D resources, it appeared quite distinctively after studying 

the 3D resource, suggesting that the 3D intervention may have increased inequality in confidence 

among the superficial and deep topics. It may also be due to development of a better insight into 

an already existing inequality of understanding of superficial and deep topics by the students after 

the 3D intervention, rather than the 3D intervention creating these inequalities itself. Conversely, 

as the test results showed that students distinctively performed better for superficial structures 

after studying the 2D resources (but may or may not do so after the 3D intervention), it suggested 

that in actuality the 3D intervention may have removed the difference in difficulty among 

superficial and deep topics. So, while improving the insight into or creating the inequalities of 

understanding between superficial and deep topics, learning on 3D resources may have helped 

remove these inequalities in performance. 

We confirmed this by analyzing the pre-post comparison of the difference in performance 

on the superficial and deep topics. A significant pre-post difference in the increased difficulty for 

deeper topics was observed only for the tests and not for the surveys. According to their actual 

performance on tests, students experienced a significant amount of increased difficulty for the 

deeper topics by the 2D intervention compared to the 3D intervention, confirming that the 3D 

intervention brought some equality in differential difficulties of superficial and deep topics and 

brought some equality in their scores (only for the performance in tests but not the self-reported 

confidence where it may conversely bring some more insight into the inequalities). 

However, this equality of superficial and deep topic test scores after the 3D intervention 

may not be accurate as some group interactions were present concerning gender (although there 

was no significance overall) in the post-test. After the 3D intervention, females had a significantly 

greater score difference between the superficial and deep structures, which was counterbalanced 
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by males having a lesser difference. None of these gender differences in superficiality were 

observed in the pre-test or any of the surveys. This means that although the male and female 

students may or may not feel different levels of confidence for the superficiality of structures after 

studying on either of the intervention and may or may not perform equally on superficial and deep 

topics after the 2D intervention, they did differ gender-wise in the superficiality-differential 

performance on these topics after the 3D intervention where females performed more 

differentially on the superficial and deep topics. In contrast, males performed less differentially on 

superficial and deep topics. This suggests that according to their performance on the exam after 

the 3D intervention, the female students experienced the deeper structures to be much more 

complicated than superficial ones, as compared to male students. 

In contrast, the performance of male students indicated these groups to be less different 

in their difficulties, although the confidence levels may or may not reflect this story. This means 

that performance-wise after the 3D intervention, the increased difficulty for the increased depth of 

structures was lesser in the case of the male students than in female students. As discussed 

earlier, some studies have shown lower spatial ability among females as compared to males, and 

spatial ability has been shown to have a constant and residual effect on learning using 2D and 3D 

resources. The observed gender differences may result from males having a higher spatial ability 

to begin with, or due to their self-reported experience of more ease in software usage, leading to 

a better understanding of the deeper and more complicated structures. 

Although various 3D software has been increasingly used for neuroanatomy education 

due to their better visualization effects, there is not enough evidence regarding their role in 

enhancing learning among a diverse population with varying spatial abilities, as spatial ability is 

often underrated, unsupported and ignored (Jamil et al., 2019; National Research Council, 2006). 

Spatial ability has been proven as a reliable predictor of performance in human anatomy and 

other medical sciences, but still, it has been sidelined while deciding medical school admissions 

and suggested for use only to identify learners requiring additional interventions (Lufler et al., 

2012; Kopp & Rathmell, 2015). Humans have inherently different spatial abilities, where the 
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mental rotation (MR) ability of males is generally higher than females. Males outperform females 

in MR training workshops, take less time to complete spatial tasks, and achieve higher scores 

(Jamil et al., 2019; National Research Council, 2006). However, the use of 3D software often 

leads to homogenous learning in both genders, and the final performance is unaffected by 

gender; hence its usage is beneficial, meaningful, and essential when working with diverse 

populations (Jamil et al., 2019; Khot et al., 2013; Lim et al., 2016). Time, effort, practice, and use 

of 3D software itself may increase the spatial ability of individuals, which may be the reason 

behind this homogenous learning (Newcombe, 2010). 

At first, it appeared that the effects of spatial ability on 3D learning did not appear overall 

or gender-wise, as both genders performed similarly overall after the 3D intervention. However, 

these residual effects on gender seemed to have seeped deep down in the deep structures using 

3D software for enhanced learning. 3D software is one of the interventions that can bring down 

these effects of noteworthy ability differences between genders over time, as it reduces the 

cognitive load, especially demands of spatial ability, and helps in its training. However, the 

persistence of residual effects and their levels may require a better interface or software or other 

types of training for enhancing spatial abilities so that these gender differences in performance on 

the tests can be neutralized. This is also required for other population groups with differences in 

spatial abilities, which needs further research. 

QUALITATIVE FEEDBACK 

The students appreciated the beautiful renders and the benefits of accessibility that the 

3D software brings to them. However, this software still needs a lot of work and improvement as it 

can sometimes glitch and is not optimized for the hardware the students possess. There is so 

much independent development of software by different companies and universities that it is 

difficult to get one software with all the good features available. The evolution and convergence of 

this software in the future, as they learn from each other, will lead to better solutions.  

The ease of navigation in these software and their features are essential to increase 

student interest. While many students like this software's ease, controls, appearance, 
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presentation, and structure, some issues still need to be solved in searching for and controlling 

these structures or features. The refinement and development of better features and software 

reorganization will resolve these issues as they evolve. Adding capabilities that allow the user to 

add content or change color schemes will lead to better personalization. Also, better and 

dedicated training by the academic institution on this software will lead to decreased mental 

resistance and better engagement.  

While the available software has acceptable content and explains the complexities of the 

brain with great detail, along with providing a holistic approach and enhancing spatial 

visualization of complex relations leading to better learning and retention, there can still be some 

inconsistencies with labels or tags using different or old anatomical terminology and deficiencies 

in details and description of these labeled structures. Using standard anatomical terminology and 

adding more clinical material to this software in the form of detailed boxes, popups, or 

supplementary material like flashcards will significantly enhance the learning experience.  

The 3D software possesses the advantage of being far better than 2D resources for 

visualization and learning. However, they still need more realism and the feel of a hands-on 

experience on an actual brain, as the computer-modeled images can sometimes feel too simple 

and cartoonish. Better segmentation of 3D structures and the data on which these structures are 

modeled, especially thru advances in higher resolution MRI and other radiological scanners, will 

lead to a more realistic and human-like actual representation of anatomical structures to the point 

that someday it will be difficult to differentiate between the two. 

Lastly, time and availability of resources are essential factors playing a role in learning 

and memory. Making sure the students have enough time and resources needs to keep 

improving with changes and evolution of old courses or the introduction of new ones. 

Neuroanatomy, one of the most important and complicated topics of anatomical and 

neurobiological sciences, needs special attention for allocating time and development and using 

new technology-enhanced resources. 
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Limitations 

As the study was planned and conducted during the immediate response to sudden 

changes and school closures during the COVID-19 pandemic, it suffers from various limitations. 

Firstly, the design was quasi-experimental and pre-post interventional with only one group of 

students (the experimental group). There was no control group or randomization involved in the 

study as it was against our institution's educational and ethical standards. However, a 

counterbalanced approach (half students 2D to 3D, other half 3D to 2D) could have been suitable 

in such conditions. But our approach had a few advantages as well. Using a single group for pre-

post study eliminated the effects of confounders such as spatial and cognitive abilities, attention, 

and memory skills. It also greatly increased the sensitivity of the experiment to the effects of the 

intervention, so fewer students were needed, and we could get significant results from a small 

sample size. Regarding the small sample size, the results may not be generalizable to other 

populations. However, this study involved no sampling and included all the undergraduate and 

graduate students enrolled in our department's Fundamentals of Neuroscience course; hence it 

may be generalized to other neuroscience students across the country, providing some external 

validity. Also, a small sample size creates a bigger hurdle to achieving significance, which can be 

surpassed only with medium and large effect sizes as encountered in our study, and once 

achieved, there is no doubt about these effects (Norman, 2010). 

Another limitation of the pre-post interventional method may be the learning and test 

effects on the post-interventional counterparts. Some may argue that the post-interventional 

results are mainly due to the effects of time and repetition. Regarding this, a few precautions 

were taken. Firstly, the RRR pre- and post-surveys were worded carefully and designed to elicit 

responses explicitly targeted to the 2D and 3D intervention, and the observed differences were 

backed by student comments in the qualitative survey about these interventions. Also, the 

pictures used on the pre-and post-tests were taken respectively from the 2D learning resource 

and 3D software provided for interventions; hence performance on these tests was more due to 

the immediate effects of the intervention and less due to generalization of knowledge.  
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Regarding time, it was mentioned by the students themselves (and agreed upon by the 

investigators) that there was not enough time in the first place and that the course was very 

complicated to be handled in that small time frame and needed restructuring. This reduced time 

and increased complexity can make the study design feel more instantaneous (just like in 

calculus when we make the changes smaller and smaller), creating the illusion that both the 2D 

and 3D interventions occurred at the same time and independently led to the results as case-

control rather than pre-post method. This also explains when results go in one direction after the 

2D intervention but then completely flip over to the opposite direction after the 3D intervention, 

like comparing superficial vs. deep structures and studying the effects of gender and previous 

experience. Even if we reject these explanations and include the effect of time and repetition in 

the discussion, we can still say that 3D interventions greatly accelerated the results achieved by 

the study, as time itself was "not enough" to produce these results. Moreover, the presence of 

large (and medium) effect sizes cannot be ignored just due to the effects of a pre-post design. 

Also, while researchers may like to experimentally compare 2D vs. 3D (vs. cadaveric labs), the 

students want to avoid picking a side and going along with only one. They instead have all 

modalities at their disposal as a multidimensional approach (it is about an apples & oranges 

situation requiring both, not apples vs. oranges), which is why these effects are important even if 

they come from 2D+3D situations rather than 3D alone. So, this study is a step in that direction 

and proves the importance and effects of a hybrid/multidimensional learning mode. 

Long-term retention of the gained neuroanatomical knowledge was not tested, which may 

be another limitation of this study. Generalization of knowledge could have been adequately 

tested, which could have been done by asking additional questions on clinical pictures and 

radiological scans. The questions asked in the tests were limited in number and very basic, so 

they may not generalize to more complex testing conditions. Likewise, generalization to more 

detailed courses in neuroanatomy, especially in advanced medicine, may not be possible. Also, 

the students faced novelty issues with the software, which could have been resolved by more 

intensive training to use them.  
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Importance of the study 

The study was initiated as an immediate response to our department's COVID-19-related 

changes and transitions in neuroscience education. It involved the creation of a new 3D learning 

module and its evaluation using the newly developed RRR and Confidence in topics surveys and 

tests. It involved both quantitative and qualitative analysis, using self-reported surveys along with 

tests to provide a more balanced approach to student feedback and performance. Despite all the 

limitations, the study successfully reconfirmed the benefits of 3D software in learning 

neuroanatomy, especially for complex structures. However, we described these benefits with 

effect sizes to enable comparison, which is missing in many other studies. These effect sizes 

were almost all large for significant observations in the 3D vs. 2D comparisons, variable (few 

large and mostly medium effects) for superficial vs. deep comparisons, and all medium for effects 

of gender and previous experience. 

The study uncovers some crucial issues. It shows that students who have previously 

studied other methods may be biased against these new 3D technologies, which may not occur in 

the future when these are the only options left as we move away from cadaver-based teaching or 

in settings already facing a lack of resources. It also shows that 3D technologies bring equality 

and social justice by benefitting all students equally, no matter their previous grades, experience, 

gender, or academic level. Studies have shown that playing video games helps reduce the 

gender gap and promote equality in video games and even STEM fields by differentially 

enhancing spatial skills (Ratan et al., 2020). The use of 3D educational software might be a better 

and more direct method to achieve these goals in STEM education. Regarding neuroanatomy, 

studies have indicated that females show a greater amount of Neuroanxiety and Neurophobia 

and respond better to early exposure to educational interventions by developing a greater 

increase in neuroanatomy self-efficacy, although still lagging behind male students (Bergden, 

2021). Our study reconfirms this idea of social need and justice but also points to a possibility that 

the observed (near) equalities may not be accurate and that the gender differences hide inside 



 

106 
 

deeper levels of the structural complexity of neuroanatomy until the day arrives when 3D software 

is evolved enough to fade them away. 

 

Future directions 

Further studies with better experimental conditions and longer intervals are needed to 

confirm our findings. Assessment of organizational and institutional benefits along with student 

benefits also needs to be explored. Testing multidimensional approaches [with 2D + tactile 

approach (plastic and 3D printed models and cadavers) + 3D and VR/AR in a more (virtually) 

social way] may give more insights. Limiting 3D technologies to be used only for complex and 

deep structures and difficult dissections like white matter tracts can be a more efficient approach. 

The addition of complex and real clinical images to enhance learning and generalization and 

more evolved software to provide more realistic renderings in the future will increase the results. 

Finally, testing on other populations across disciplines, country, and cultures may prove its 

external validity. 
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CONCLUSIONS 

The study attempts to address the needs identified in the literature regarding educational 

research and provides evidence of the validity and reliability of a newly developed 13-item RRR 

instrument to measure student motivation and learning benefits in an online environment for 

learning neuroanatomy. It is a valuable tool based on the Kirkpatrick and ARCS models of 

learning. It can be adapted and used to measure the effectiveness of existing and newly 

developed study interventions in other disciplines and institutions, which will confirm its reliability. 

Another instrument, the 5-item Confidence in topics survey, was developed, validated, and tested 

for reliability in measuring student confidence in their knowledge of some commonly asked 

structures in neuroanatomy.  

The study also adds to the literature on using 3D resources for neuroanatomy education 

and provides scientific evidence for its benefits. In our study, the students spent long and frequent 

durations on the 3D software due to the better visuals and colorful graphics they provided 

compared to 2D resources. Despite novelty being an issue and having a slight unease in its use 

(especially in female students) acting as an entry barrier, the students highly appreciated the 

benefits of the 3D resources and recommended its future use. Based on the RRR survey overall 

and in each of its components (Reaction, Relevance, and Results), it can be concluded that the 

3D intervention significantly improved student learning experience and was very effective and, in 

fact, much more effective than 2D resources, thus confirming our first hypothesis. The use of the 

Confidence in topics survey and tests (overall as well as the superficial and deep components) 

gave the same conclusions regarding the higher effectiveness of 3D intervention over 2D 

resources, thus reconfirming our first hypothesis.  
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The RRR survey showed that females less appreciated the effectiveness of the 2D 

resources than males. Although there may be some usage-related entry barriers for females to 

use the 3D resources, their perception of the high effectiveness of 3D resources was not 

observed to be different from males. So, the motivation benefits of 3D over 2D intervention 

appeared to be more for females, and it suggested that the first hypothesis may be truer for 

female students when considering their internal feedback of the 3D intervention itself, but this was 

not reflected externally on the Confidence in topics surveys or tests and thus could not be 

reconfirmed. It suggests that while the females may have a greater internal resistance or 

appreciation for the benefits of the 3D resources than male students, this may or may not 

translate into actual gender differences in the outcome of the learning process, maybe due to 

more effort by the female students. 

The 3D intervention enhanced students' exam performance on superficial and deep 

structures. However, greater pre-to-post increases on the exams were seen for the deep 

structures, thus confirming our second hypothesis of differential benefits on superficial and deep 

structures. Adding this differential benefit of deep structures to the fact that initially, on the pre-

test, the scores in superficial structures were significantly higher than scores in deep structures 

but not so on the post-test shows that the enhanced learning of deeper structures by the 3D 

intervention also appeared to have attempted to bridge the difficulty gap between the superficial 

and deep structures, and brought some equality among performance in superficial and deep 

topics on the exams. The second hypothesis could not be reconfirmed as no differential effects 

on enhanced learning were observed in the superficial and deep components of the Confidence 

in topics survey. Further on, the findings were oppositely suggesting a possibility that the 3D 

intervention may have made them realize a greater difficulty gap between superficial and deep 

structures. This was all due to a pre-intervention insight that did not correlate with the actual 

situation on the pre-test, suggesting that surveys can sometimes be unreliable, especially after a 

less effective (2D) intervention. 
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While no gender effects were observed overall in the Confidence in topics surveys and 

tests, a couple of items showed differential effects of gender on the performance on the test after 

the 3D intervention. One (superficial) topic had a higher gain in performance pre-to-post by 

females, and one (deep) topic better performed by males on the post-test. These effects became 

clearer while analyzing the superficial and deep components of the test scores. It was observed 

that after the 3D intervention, female students performed more differentially on the superficial and 

deep structures than male students. The male students had a narrower difficulty gap between the 

superficial and deep structures, suggesting that they may have gained more on the deeper 

structures while bridging the difficulty gap compared to female students. This suggests that the 

second hypothesis may be more valid for male students. These findings were observed only on 

the test scores rather than on the Confidence in topics surveys, suggesting again an insight that 

may not entirely reflect the actual situation. 

Although the confidence levels in topics did not reflect their test performance after 

studying the 2D resources, they did so after the 3D intervention indicating the development of a 

better insight by the 3D intervention. Also, the benefits of the 3D intervention on Confidence and 

performance were greatly experienced by all students and did not correlate with their experience 

on the 2D resources, thus indicating no special benefits to students advantaged at an earlier 

stage. 

Younger generations are generally more technologically adaptable, yet no group 

interactions for the academic level were observed in any of the analyses. However, interestingly, 

having any previous experience in neuroanatomy brought some distaste among such learners for 

the 3D intervention used in our study. On the RRR survey, students with some prior experience in 

neuroanatomy found the 3D resources to be less effective than those with no prior experience 

reported. In contrast, no such effect of previous experience was observed on the scores of the 2D 

intervention. The effect of previous experience was again seen in the Confidence in Topics 

survey overall and in the deep structures after the 3D intervention, where students with some 

previous experience did not report as much Confidence as students with no previous experience. 
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However, no such differential effects of previous experience were observed on test performance. 

This again suggests an insight not corresponding to the actual situation, this time post-

interventional in the case of students with some bias due to the previous experience of 

neuroanatomy. 

The qualitative feedback further revealed that the 3D software makes studying the brain 

more accessible to the students and presents them with visually rich 3D renderings and many 

features that allow them to manipulate the brain freely in a virtual 3D space and study its 

superficial and deep relations in great detail, providing a better overview and spatial 

understanding and helping with long-term memory and retention. However, the software still 

needs to improve, evolve, and converge into a single program that suits various learners' needs. 

Debugging, refinement of features, reorganization, addition and standardization of clinical 

content, supplementary materials, personalization tools, and, most importantly, the evolution of 

3D data into more realistic and human-like details will help the students adopt and prefer these 

3D resources. Time and training are the two most important factors that may play a major role in 

determining the effect and success of the 3D intervention in enhancing learning in these students. 

The goal of the 3D visualization is not to replace traditional cadaveric dissection but to 

enhance learning overall, especially in deep and complicated structures that may not be easily or 

at all dissectible - students will rarely encounter a complete dissected specimen of the caudate 

nucleus or the arcuate fasciculus. 3D visualization can fill the deficiencies in learning complex 

grey matter and most white matter structures in the brain. 3D technologies will undoubtedly 

become a mainstay in education as they did in the entertainment industry, and educators need to 

embrace and integrate them into existing and future curricula. A well-balanced approach of 

traditional methods and technological enhancements may be the best intervention, which 

educators need to help develop, evolve, and be prepared for its use. 

In summary, the use of 3D software, although a little uneasy for new users, older 

learners, or specific other populations, once put in effect after some training on spatial ability, can 

bring more success and equality across a diverse range of populations with changing 
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demographics, different spatial needs, and resources available to them. Enhanced visualization 

helps in better engagement and proves helpful to students who nowadays have increasingly 

greater levels of inattention due to a reduction in attention spans and less preference for typical 

2D textbook methods. While males and females may initially experience the benefits in slightly 

different ways, 3D software does benefit them all. It may be essential for especially females 

whose participation in neuroscience and other biological sciences is continuing to grow. The RRR 

and Confidence in topics surveys can be helpful instruments in examining the effectiveness and 

success of various study interventions. However, these surveys can sometimes be inadequate in 

studying the intricate details or group differences after a less effective intervention where the 

students need more proper and complete insight into their academic needs and progress or if 

they have some bias due to previous experience. Hence, using surveys and test scores ensures 

that educators understand not only the student side of the story but also the real end effects and 

fulfillment of the goals of the study intervention. 
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Appendix B: Preamble Consent Document 
 
Understanding neuroanatomy in a virtual 3D environment: Effects of use of 3D software in 

Neuroanatomy education for understanding simple and complex brain structures 

Date:   
 
Dear Neuroscience Graduate and Undergraduate students:   
 
You are being invited to participate in a research study by answering questions in the attached 

survey/an online survey (link provided), to study the effects of 3D software in Neuroanatomy 

education for understanding simple and complex 3D brain structures. This study is being 

conducted by Dr. Brian Davis, Dr. Chad Samuelsen, Dr. John Pani and Akash Khare of the 

University of Louisville. There are no known risks for your participation in this research study. The 

information collected may not benefit you directly but may be helpful to others as the information 

you provide will help neuroscience educators improve the neuroanatomy curriculum in graduate 

and undergraduate teaching programs. You will fill an online survey, which will take 

approximately 25 minutes to complete. It will be followed by an online educational test to assess 

you knowledge, which will take about 5 minutes. The completed online survey and test will be 

secured inside password-protected encrypted files on the Blackboard server and the Department 

of Anatomical Sciences and Neurobiology, University of Louisville. 

 
Individuals from the University of Louisville Department of Anatomical Sciences and Neurobiology, 
the Institutional Review Board (IRB), the Human Subjects Protection Program Office (HSPPO), and 
other regulatory agencies may inspect these records. In all other respects, however, the data will 
be held in confidence to the extent permitted by law. Should the data be published, your identity 
will not be disclosed. 
 
Taking part in this study is voluntary. By answering survey questions, you agree to take part in this 
research study. You do not have to answer any questions that make you uncomfortable. If you 
decide to be in this study, you may stop taking part at any time. If you decide not to be in this study 
or if you stop taking part at any time, you will not lose any benefits for which you may qualify. But 
we will highly appreciate if you take the time to submit this short survey, so that we can assess how 
to improve the neuroscience educational experience for you and future students. 
 
If you have any concerns, or complaints about the research study, please contact Dr. Brian Davis 

(Phone: 502-852-1333, email: bm.davis@louisville.edu). 

If you have any questions about your rights as a research subject, you may call the Human 
Subjects Protection Program Office at (502) 852-5188. You can discuss any questions about your 
rights as a research subject, in private, with a member of the Institutional Review Board (IRB). 
You may also call this number if you have other questions about the research, and you cannot 
reach the research staff, or want to talk to someone else. The IRB is an independent committee 
made up of people from the University community, staff of the institutions, as well as people from 
the community not connected with these institutions. The IRB has reviewed this research study. 
 
If you have concerns or complaints about the research or research staff and you do not wish to 
give your name, you may call the University Integrity and Compliance hotline at 1-877-852-1167. 
This is a 24-hour hot line answered by people who do not work at the University of Louisville.  
Thank you for your participation. 
Sincerely, 
Signatures of Investigator and Co-Investigator 
(Dr. Brian Davis, Dr. Chad Samuelsen, Dr. John Pani and Akash Khare) 
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Appendix C: Survey Instruments 

 

SAMPLE PRE-INTERVENTIONAL SURVEY 

Demographic survey:  

1. Gender: 
2. Current Level of study: Undergraduate/Graduate student 
3. Did you study neuroanatomy previously? If yes, then how many semesters of study? 

 

 

 

The purpose of the following set of questions is to evaluate your reaction specifically to the PDF 
resources (lab manuals) provided for the course: 

4. How attentive and engaged were you while using these resources? 

1 2 3 4 5 

Extremely 
inattentive and 
disengaged 

A little inattentive 
and disengaged 

Neither 
inattentive nor 
attentive 

A little attentive 
and engaged 

Extremely 
attentive and 
engaged 

5. How much did you enjoy studying via these resources? 

1 2 3 4 5 

Extremely Boring A little boring Neither boring 
nor enjoyable 

A little enjoyable Extremely 
enjoyable 

 

6. How much did it stimulate your curiosity and interest, and then motivate you to become 
an active learner? 

1 2 3 4 5 

Extremely 
unmotivated to 
learn 

A little 
unmotivated to 
learn 

Neither 
unmotivated nor 
motivated 

A little motivated 
to learn 

Extremely 
motivated to 
learn 

 

The purpose of the following set of questions is to evaluate your learning experience, specifically 

to the PDF resources (lab manuals) provided for the course: 

7. Overall, how useful or beneficial was the learning experience for you, using these 
resources? 
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1 2 3 4 5 

Extremely 
useless and 
non-beneficial 

A little useless 
and non-
beneficial 

Neither useless 
nor useful 

A little useful 
and beneficial 

Extremely useful 
and beneficial  

 
 

8. How appealing was the visual content presented in these resources? 

1 2 3 4 5 

Extremely 
unappealing 

A little 
unappealing 

Neither 
unappealing nor 
appealing 

A little appealing Extremely 
appealing 

 
9. How much did it help you in visualization of simple brain structures? 

1 2 3 4 5 

Confused a lot Confused a little Neither confused 
nor helped 

Helped a little Helped a lot 

 
10. How much did it help you in visualization of complex brain structures? 

1 2 3 4 5 

Confused a lot Confused a little Neither confused 
nor helped 

Helped a little Helped a lot 

 
11. How much did it improve your spatial understanding of structures in the brain and the 

interrelationships between these structures?  

1 2 3 4 5 

Confused a lot Confused a little Neither confused 
nor helped 

Helped a little Helped a lot 

 
 

12. How helpful do you think these materials will be for building long-term retention and 
recall? 

1 2 3 4 5 

Extremely 
hindering 

A little hindering Neither 
hindering nor 
helpful 

A little helpful Extremely 
helpful 
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The purpose of the following set of questions is to evaluate your confidence after studying 
specifically on the PDF resources (lab manuals) provided for the course: 

13. How easy or difficult do you personally think neuroanatomy is actually?  

1 2 3 4 5 

Extremely 
difficult 

A little difficult Neither difficult 
nor easy 

A little easy Extremely easy 

14. How much did these resources change your attitude and confidence towards 
neuroanatomy? 

1 2 3 4 5 

Negatively 
changed a lot 

Negatively 
changed a little 

Unchanged Positively 
changed a little 

Positively 
changed a lot 

 

The purpose of the following set of questions is to evaluate overall impact after studying 
specifically on the PDF resources (lab manuals) provided for the course: 

15. How satisfied do you feel after learning using lectures and additional resources? 

1 2 3 4 5 

Extremely 
unsatisfied 

A little 
unsatisfied 

Neither 
unsatisfied nor 
satisfied 

A little satisfied Extremely 
satisfied 

16. How well-prepared do you feel for exams? 

1 2 3 4 5 

Extremely 
unprepared 

A little 
unprepared 

Neither 
unprepared nor 
prepared 

A little prepared Extremely well-
prepared 

The purpose of the following set of questions is to evaluate what you feel about various topics 
taught, specifically on the PDF resources (lab manuals) provided for the course: 

17. How confident are you about your identification skills with regards to superficial structures 
like lateral sulcus, precentral gyrus, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

18. How confident are you about your identification skills with regards to superficial but 
relatively hidden structures like insula, cingulate gyrus, etc.? 
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1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

19. How confident are you about your identification skills with regards to structures in deeper 
layers like claustrum, extreme capsule, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

20. How confident are you about your identification skills with regards to c-shaped or 
complex structures like the caudate nucleus, fornix, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

21. How confident are you about your identification skills with regards to simple-shaped or 
ovoid structures like the thalamus, red nucleus, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

 

Prior software experience: 

22. How easy is it for you to learn to use new software? 

1 2 3 4 5 

Extremely 
difficult 

A little difficult Neither difficult 
nor easy 

A little easy Extremely easy 

23. Have you previously seen or used ‘Visible Body’ or ‘Anatomy Learning’ or any other 
software to study neuroanatomy? If yes, how familiar are you with these kinds of 
programs? 

1 2 3 4 5 

Never seen any 
of them 

Seen but not 
used 

Used but not at 
all familiar 

Used and a little 
familiar 

 Used and very 
familiar 



 

128 
 

SAMPLE POST-INTERVENTIONAL SURVEY 

Software usage statistics: 

Regarding time spent on software before/after labs: 

1. Average number of times you opened the software, other than during lab hours (0,1, 2-5, 
6-10, more than 10): 

2. Average time spent during off-lab usage (in minutes): 

The purpose of the following set of questions is to evaluate your reaction specifically to the 3D 
software (‘Visible Body’ and ‘Anatomy Learning’) used for the course: 

3. How attentive and engaged were you while using these resources? 

1 2 3 4 5 

Extremely 
inattentive and 
disengaged 

A little inattentive 
and disengaged 

Neither 
inattentive nor 
attentive 

A little attentive 
and engaged 

Extremely 
attentive and 
engaged 

4. How much did you enjoy studying via these resources? 

1 2 3 4 5 

Extremely Boring A little boring Neither boring 
nor enjoyable 

A little enjoyable Extremely 
enjoyable 

 

5. How much did it stimulate your curiosity and interest, and then motivate you to become 
an active learner? 

1 2 3 4 5 

Extremely 
unmotivated to 
learn 

A little 
unmotivated to 
learn 

Neither 
unmotivated nor 
motivated 

A little motivated 
to learn 

Extremely 
motivated to 
learn 

 

The purpose of the following set of questions is to evaluate your learning experience, specifically 
to the 3D software (‘Visible Body’ and ‘Anatomy Learning’) used for the course: 

6. Overall, how useful or beneficial was the learning experience for you, using these 
resources? 

1 2 3 4 5 

Extremely 
useless and 
non-beneficial 

A little useless 
and non-
beneficial 

Neither useless 
nor useful 

A little useful 
and beneficial 

Extremely useful 
and beneficial  
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7. How appealing was the visual content presented in these resources? 

1 2 3 4 5 

Extremely 
unappealing 

A little 
unappealing 

Neither 
unappealing nor 
appealing 

A little appealing Extremely 
appealing 

 
8. How much did it help you in visualization of simple brain structures? 

1 2 3 4 5 

Confused a lot Confused a little Neither confused 
nor helped 

Helped a little Helped a lot 

 
9. How much did it help you in visualization of complex brain structures? 

1 2 3 4 5 

Confused a lot Confused a little Neither confused 
nor helped 

Helped a little Helped a lot 

 
10. How much did it improve your spatial understanding of structures in the brain and the 

interrelationships between these structures?  

1 2 3 4 5 

Confused a lot Confused a little Neither confused 
nor helped 

Helped a little Helped a lot 

11. How helpful do you think these materials will be for building long-term retention and 
recall? 

1 2 3 4 5 

Extremely 
hindering 

A little hindering Neither 
hindering nor 
helpful 

A little helpful Extremely 
helpful 

12. How well organized was the software regarding ease of use and navigation? 

1 2 3 4 5 

Extremely 
unorganized 

A little 
unorganized 

Neither 
unorganized nor 
organized 

A little organized Extremely 
organized 

13. How easy was it to virtually dissect the brain? 
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1 2 3 4 5 

Extremely 
difficult 

A little difficult Neither difficult 
nor easy 

A little easy Extremely easy 

14. How much would you recommend it for future use for other students, in this course or 
other similar courses? 

Strongly 
recommend 
avoiding them 

Weakly 
recommend 
avoiding them 

No 
recommendation 

Weakly 
recommend 
using them 

Strongly 
recommend 
using them 

The purpose of the following set of questions is to evaluate your confidence now, after studying 
specifically on the 3D software (‘Visible Body’ and ‘Anatomy Learning’) used for the course: 

15. How easy or difficult do you now think neuroanatomy is actually?  

1 2 3 4 5 

Extremely 
difficult 

A little difficult Neither difficult 
nor easy 

A little easy Extremely easy 

16. How much did these resources change your attitude and confidence towards 
neuroanatomy? 

1 2 3 4 5 

Negatively 
changed a lot 

Negatively 
changed a little 

Unchanged Positively 
changed a little 

Positively 
changed a lot 

 

The purpose of the following set of questions is to evaluate overall impact now, after studying 

specifically on the 3D software (‘Visible Body’ and ‘Anatomy Learning’) used for the course: 

17. How satisfied do you feel after learning using the 3D software? 

1 2 3 4 5 

Extremely 
unsatisfied 

A little 
unsatisfied 

Neither 
unsatisfied nor 
satisfied 

A little satisfied Extremely 
satisfied 

18. How well-prepared do you feel for exams? 

1 2 3 4 5 

Extremely 
unprepared 

A little 
unprepared 

Neither 
unprepared nor 
prepared 

A little prepared Extremely well-
prepared 
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The purpose of the following set of questions is to evaluate what you now feel about various 
topics taught, specifically on the 3D software (‘Visible Body’ and ‘Anatomy Learning’) used for the 
course: 

19. How confident are you about your identification skills with regards to superficial structures 
like lateral sulcus, precentral gyrus, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

20. How confident are you about your identification skills with regards to superficial but 
relatively hidden structures like insula, cingulate gyrus, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

21. How confident are you about your identification skills with regards to structures in deeper 
layers like claustrum, extreme capsule, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

22. How confident are you about your identification skills with regards to c-shaped or 
complex structures like the caudate nucleus, fornix, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

23. How confident are you about your identification skills with regards to simple-shaped or 
ovoid structures like the thalamus, red nucleus, etc.? 

1 2 3 4 5 

Extremely afraid 
or unprepared 

A little afraid or 
unprepared 

Neither afraid 
nor confident 

A little confident 
and prepared 

Extremely 
confident 

 

 

 

Please provide brief responses to the following questions (in 1-3 sentences): 

24. What did you like about the 3D module?  

25. What did you like the least about the 3D module?  

26. What could be improved in the 3D module?s 
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