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Abstract

Impaired understanding of intricate neuroanatomical concepts and structural inter-
relationships has been associated with a fear of managing neurology patients, called
neurophobia, among medical trainees. As technology advances, the role of e-learning
pedagogies becomes more important to supplement the traditional dissection / prosection and
lecture-based pedagogies for teaching neuroanatomy to undergraduate students. However,
despite the availability of a myriad of e-learning resources, the neuro (-anatomy-) phobia —
neurophobia nexus prevails.

The focus of the PhD was to investigate the difficulties associated with learning
neuroanatomy and to develop and assess the efficacy of a novel e-learning tool for teaching
neuroanatomy, in the context of the strengths and pitfalls of the currently available e-learning
resources. Firstly, we sought to provide direct evidence of the medical and health science
students’ perception regarding specific challenges associated with learning neuroanatomy.
The initial results showed that neuroanatomy is perceived as a more difficult subject
compared to other anatomy topics, with spinal pathways being the most challenging to learn.
Participants believed that computer assisted learning and online resources could enhance
neuroanatomy understanding and decrease their neurophobia.

Next, in the context of the significance of e-learning for supplementing traditional
pedagogies, we identified features of neuroanatomy web-resources that were valued by
students and educators with regards to learning neuroanatomy of the spinal pathways.
Participants identified strengths and weaknesses of existing neuroanatomy web-resources
and ranked one resource above the others in terms of information delivery and integration of

clinical, physiological and medical imaging correlates. This provides a novel user perspective

XVil



on the influence of specific elements of neuroanatomy web-resources to improve
instructional design and enhance learner performance.

Finally, considering the data acquired from students and educators, a novel, interactive,
neuroanatomy learning e-resource was developed to support teaching of the neuroanatomy
of the spinal pathways. The instructional design included a discussion of the clinical
interpretation of basic neuroanatomical facts to aid in neurological localization. The e-
learning tool was assessed and evaluated by undergraduate medical and neuroscience
students using neuroanatomy knowledge quizzes and Likert-scale perception questionnaires
and compared to the previously identified best-ranked neuroanatomy e-resource.
Participants’ opinion regarding the usefulness of various components of the tools was also
gauged. The results showed that usage of the UCC e-resource led to a significant increase in
participants’ knowledge of the neuroanatomy of the spinal pathways compared to students’
who did not use e-resources. Moreover, the participants reported a greater interest in learning
neuroanatomy with the novel tool, showing a greater appreciation for it while learning
clinical neurological correlates compared to those using the best available e-resource
identified earlier.

In summary, the prevailing problem of neurophobia could be addressed by enhancing
student-interest. Technological e-learning pedagogies, with intelligently designed
interactive user-interface and clinical correlation of basic neuroanatomical facts can play a
pivotal role in helping students learn neuroanatomy and breaking the nexus between neuro

(-anatomy-) phobia and neurophobia.
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1. Anatomy Education

Human anatomy is the study of the structure and spatial relationships between different body
parts. Its teaching has been regarded as foundational in the education of medical and health
sciences students and practitioners. By learning anatomy, students get a first exposure to the
structure of the human body, which forms the basis for their understanding of pathology and
clinical problems (Arantes and Ferreira, 2016). The subject of human anatomy has been
traditionally delivered at the beginning of medical education. In recent times, the
conventional modalities of anatomy learning, which comprised of lectures and cadaver-
dissection, are being increasingly supplemented by computer assisted learning (CAL) and e-

resources.

In medical institutions, anatomy is generally taught under four sub-categories, namely gross
anatomy, histology, embryology and neuroanatomy. Gross anatomy deals with the
morphology and organization of structures, their shapes, size and location. Its study provides
students with the opportunity to comprehend anatomical variations and correlate them with
images and disease processes. Practicing clinicians and would-be doctors in their physical
examination through palpation, percussion and auscultation and imagery interpretation need
to have a precise understanding of normal and diseased gross anatomy (Singh et al., 2015).
The subject of histology facilitates comprehension of the cellular and tissue-level
organization of the body. A good knowledge of histology leads to an enhanced understanding
of the histopathological effects produced by age-related changes as well as various
pathogens, toxins, drugs, environmental hazards and other factors on the human body.

Embryology reveals the development of embryonic tissues from conception to birth. The
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identification of causes and clinical course regarding congenital disorders and anomalies can
be advised by having a sound knowledge of developmental anatomy (Singh et al., 2015).
Lastly, neuroanatomy as a discipline is interested in the gross, histological and developmental
anatomy of a single system, the nervous system. Due to the complex nature of the system
and its interactions with the other body organs, it is often considered as a standalone division

of anatomical sciences.

2. Neuroanatomy Education

2.1. Core Syllabus for Neuroanatomy

Neuroanatomy provides the basis for clinical neurosciences and neurology and serves as the
cornerstone upon which is built an understanding of the human nervous system and
associated neuropathologies. Neuroanatomy, due to the complexity of the nervous system
and often abstract nature of neuroanatomical concepts, differs from the anatomy of other
body systems and thus, has acquired its own place in the curriculum (Mateen and D’Eon,

2008).

There have been several commendable attempts to define a core syllabus in gross anatomy
to outline the minimum level of knowledge expected of a recently-qualified medical graduate
to manage patients safely (Moxham et al., 2015). However, more specialized core syllabuses,
for fields such as neuroanatomy, are rare. These include a core syllabus published for the
dental students (American Association of Dental Schools, 1992) and an article by Klueber
(2003) which relates head and neck anatomy with neuroanatomy. Recently, Moxham and

colleagues have outlined the initial parameters of a core syllabus for neuroanatomy in a
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medical course with the help of a Delphi Panel consisting of anatomists, scientists, and

clinicians (Moxham et al., 2015).

An important feature of the core syllabus is a call for the clinical relevance of the selected
neuroanatomy topics (Pabst, 2009; Moxham et al., 2011). It is becoming increasingly
important to identify which elements of neuroanatomy are of greatest clinical relevance in
justifying their inclusion in the syllabus. The level of detail of those elements to be learned
in preclinical neuroanatomy should in turn be determined by what will suffice medical
students and clinicians to practice fields such as, neurology, medicine, psychiatry and

neurosurgery.

2.2. Teaching and Learning of the Neuroanatomy Curriculum

The subject of neuroanatomy has traditionally been taught from a systemic standpoint, rather
than from a regional or topographical perspective, as may be the case with gross anatomy. It
is currently being taught either as part of a conventional medical curriculum, where it
represents an isolated course in the preclinical years of medical schools, or as part of modern
curriculum approach, where it is horizontally integrated with other subjects, such as,
neurophysiology, neuropharmacology, neuropathology and neuroradiology (Arantes and
Ferreira, 2016). In a survey conducted by Drake and colleagues it was found that 12 of the
neuroanatomy / neuroscience courses reported that they were part of an integrated approach,
and 19 indicated that neuroanatomy / neuroscience was a standalone course. The total course
hours reported by the participants in the survey averaged 79 (range 30-160 hours). The
average number of lecture hours was 52 (range 0-150 hours) and the average number of lab

hours was 15 (range 0-47 hours) (Drake et al., 2009).
4
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In addition to the information acquired during the pre-clinical years, reviewing this
previously learned neuroanatomy, in a vertically integrated fashion during the four years of
the medical curriculum, has benefits associated with recalling basic and advanced
neuroanatomical content (Lim and Seet, 2008). Students can regularly look up and refresh
their knowledge of neuroanatomy relevant to understanding clinical neurological problems.
In this context, a spiral curriculum, where material is revisited multiple times with increasing
complexity, may be an alternative way of reinforcing learning (Charles et al., 1999). Lastly,
a phenomenological approach that would focus first on the patient’s experience and illness
presentation and second on the basic science explanation and interpretation of the phenomena
could be a way of demystifying neurology, shifting learning from a more passive to an active

model while ensuring that the material selected is integrated and relevant (Menken, 2002).

3. Challenges Associated with Teaching and Learning of Neuroanatomy

and the Emergence of Neurophobia

A sound understanding of neuroanatomy helps the students / practitioners to interpret the
symptoms and signs of neurological disorders (Singh et al., 2015). The clinical relevance of
neuroanatomy is most obvious in fields such as neurology, neurosurgery and psychiatry,
where the goal of the neurological examination is to localize the lesion / dysfunction within
the central nervous system (CNS). Being knowledgeable about the normal structure and
function of nervous system components, it is possible, when malfunction is observed, to work
backwards and decipher which structure is affected.

I have been teaching neuroanatomy to the medical undergraduate and health science students

for a decade. Unfortunately, | have found that medical students find it hardest to grapple with
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the intricated details associated with learning neuroanatomy of the brain and the spinal cord
versus all other topics of anatomy. In the same vein, students and practitioners find it
challenging to translate their early neuroanatomy knowledge into patient care. Evidence from
the literature shows that the subject is considered most difficult to learn out of the entire
human anatomy curriculum (Jilwan et al., 2014; Martin et al., 2014). This perceived difficulty
of neuroanatomy has been referred to as neuro (-anatomy-) phobia and has been associated
with intrinsic factors, such as, the complexity of intricate neuroanatomical concepts
themselves (Javaid et al., 2018). Moreover, the cognitive leap required to appreciate the
relationships of spatially overlapping elements of the brain and the spinal cord within the
tight confines of the skull and the vertebral column, is humungous. Because of the small size
of these structures and their spatial overlapping, individual entities are difficult to isolate and
visualize by conventional dissection. In addition to the complexity, the breath of the
neuroanatomy syllabus frequently frightens the first / second year student whose first worry
is how to address the burden of so many concepts within a short time frame, in the context

of passing their exams.

The impaired understanding of the topic and the neuro (-anatomy-) phobia has contributed
towards instilling a fear, among the medical students and young doctors, regarding managing
neurology patients (Flanagan et al., 2007; Youssef, 2009; Giles, 2010; Sanya et al., 2010;
Zinchuk et al., 2010; Matthias et al., 2013; McCarron et al., 2014; Pakpoor et al., 2014). This
fear of the clinical neurology, due to the neuro (-anatomy-) phobia and the lack of integration
between basic science and clinical information, was first coined in the literature as
‘neurophobia’ (Jozefowicz, 1994). Its incidence has been reported to be as high as about half

of the medical students experiencing it at one point during their training.
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The transition from neuro (-anatomy-) phobia during the pre-clinical years to neurophobia
during the clinical years can be considered as a continuum, manifesting itself in specific
forms at different stages. During the preclinical years, the attendance at basic science lectures
has been found to dwindle with associated poor exam grades. While in the clinical years,
students with neurophobia are often unable to perform and interpret a neurological
examination and localize neurological lesions and abnormalities. This poor performance
during the basic science and clinical years leads to frustration with neurological diagnoses
and disinterest in neurology as a career. Being a clinical doctor and from my own personal
experience, while working along with neurology residents in specialty neurology clinics and
on the hospital floors in the Stroke Centers, | have also seen a similar attitude from the clinical
trainees who found it challenging to exercise the basic neuroanatomical details while seeing

the patients to decipher the location of neurological lesions.

The above-mentioned situation becomes even more alarming with a steady increase in the
global burden of disease due to increased prevalence of mental and neurological diseases,
such as stroke, dementia and neurodegenerative disorders in old age people (Vos et al., 2015).
Since, the number of specialist doctors is not rising accordingly, therefore the coming times
could witness a relative decline in the specialist neurologists. In these circumstances young
medical doctors and general practitioners would have to face a greater number of first-
encounters with neurological patients. Hence, a good comprehension of the intricate (and
often abstract) neuroanatomical concepts and their associated clinical correlates will be

pivotal for identifying problems and referring patients to appropriate specialist doctors; in
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this case, neurologists / neurosurgeons. This further highlights the importance of addressing

the neuro (-anatomy-) phobia, in the context of decreasing the neurophobia.

To date, most of the existing studies investigating neurophobia, have used Likert scales which
have focused on inquiring about the participants’ perceived difficulty of clinical neurology
compared to other medical specialties. Although an impaired understanding of neuroanatomy
has been identified in the past as the major underlying reason for the prevailing neurophobia,
however, this was revealed in the broader context of clinical neurology and none of the
existing studies have used Likert-scales / questionnaires which inquired directly about the
perceived difficulty of neuroanatomy (Table 1.1). This renders the existing scales unsuitable
to gauge the neuro (-anatomy-) phobia and necessitates a need to devise a novel scale which
could measure medical and other health sciences students’ perception about neuroanatomy
compared to other topics in basic anatomical sciences, dissect out the underlying reasons and
inquire about ways to address this problem. In addition, all existing scales for neurophobia
relate to surveying junior doctors and medical students in their clinical years (Table 1.1),
with only one study inquiring about the opinion of practicing speech and language therapists
(Martin et al., 2014). Therefore, the perceived opinion of the medical students during their
preclinical years, as well as other health science students, including therapies and dental

students needs to be explored.
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Table 1.1: Studies Employing Questionnaires to Investigate Neurophobia

Study Brief description

Abushouk and A review summarizing neurophobia literature and presenting evidence-based

Duc,2006 recommendations and educational interventions to overcome students’ fear of neurology

Fantaneanu et Questionnaire results revealed that medical students confirmed having a fear of clinical

al., 2014 — neurology (24%) and academic neurosciences (32%) and perceived neurology being

Canada most difficult among various specialties (» = 46%). In addition, various non-
modifiable and modifiable risk factors underlying neurophobia were identified.

Flanagan et Questionnaire results revealed that medical students and doctors had a perception that

al., 2007 — neurology was most difficult among the nine different medical specialties. Reason

Ireland identified = P, lack of teaching, limited patient exposure, difficult diagnosis.

Gupta et al., Questionnaire submitted among medical students inquired about factors promoting or

2013 — India discouraging students to opt for neurology as a career. Reason identified = Factors
promoting students to opt for neurology included intellectual challenge and logical
reasoning it offered (72%), inspiration offered by teachers (63%), better quality of life
(51%), scope for independent practice without expensive infrastructure (48%). Factors
preventing students from opting for a neurology career included their perception that
most neurological diseases are degenerative (78%), neurology being an academic
specialty (40%), neurophobia (43%), lack of procedures offered (57%), inadequate
exposure (31%) and resultant lack of self-confidence (75%).

Kam et al., Survey results revealed that neurophobia prevalence was highest among med-students

2013 - (47.5%), junior doctors (36.6%) vs. other medical specialties (P < 0.001). Reason

Singapore identified = P, low interest and lack of clinical training contributed to neurophobia.

Martin et al., Focused interviews were conducted among eight speech and language therapists.

2014 — Ireland Participants recalled their experience of learning neuroanatomy from traditional

textbooks and lectures as “very, very hard and tough”.

Matthias et al,
2013,SriLanka

Questionnaire revealed that neurophobia prevalence was highest compared to other
medical specialties (P < 0.001). Reason identified = B, complex clinical examination.

McCarron et

Questionnaire results revealed that GPs reported poorer knowledge, lower confidence

al., 2014 — and interest and greater perceived difficulty of neurology compared to other clinical

Northern specialties (P < 0.001). Reason identified = B, lack of organized clinical teaching and

Ireland, UK referral guidance.

Pakpoor et al., A survey conducted among 25-31 medical schools in UK and involving 1877 medical

2014 - UK students, revealed that neurology was rated significantly more difficult vs. other medical
specialties (P < 0.001). Reason identified = ».

Ridsdale, A descriptive article which talks about neurophobia and suggests strategies to counter it.

2007 - UK However, there is no mention of neuroanatomy.

Sanya et al., A questionnaire results from medical students across 3 medical schools in Nigeria

2010 - revealed that neurophobia prevalence was highest vs. other specialties (P < 0.001).

Nigeria Reason identified = P, insufficient exposure to neurological cases (41%), complex
diagnosis (32%), inadequate neurology teachers (32%).

Schon et al., A perception questionnaire revealed that GPs and House officers perceived clinical

2002 — UK neurology significantly more difficult compared to other fields in medicine (P < 0.001).

Reason identified = ».

Youssef et al.,

A cross-sectional survey distributed among 4" and 5" year medical students in the

2009 — Caribbean revealed that students perceived neurology being significantly more difficult

Caribbean vs. other specialties and they considered themselves being least knowledgeable about
the subject (P < 0.001). Reason identified = », complex clinical examination.

Zinchuk et al., A questionnaire submitted to 3and 4™ year medical students and residents revealed

2010 - USA that compared to other specialties, they perceived being least knowledgeable about

neurology, ranking it the most difficult specialty and being least confident in managing
neurology patients. Reason identified = ».

2 » = Refers to an impaired understanding of neuroanatomy / perceived complexity of neuroanatomy / perceived
3 need to know the basic neuroanatomical sciences, being identified as the major reason underlying the
4 neurophobia; UK = United Kingdom; USA = United States of America; GPs = General practitioners.

9
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4. Factors Facilitating the Transition from Traditional to Modern
Pedagogies

Teaching through dissection and prosections and via conventional lectures, are still the
modalities of choice in most curricula (Vazquez et al., 2007), with cadaveric material still
being the most frequently used resource for teaching anatomy and neuroanatomy (Arantes
and Ferreira, 2016). However, the prevailing neuro (-anatomy-) phobia, highlights the fact
that the traditional pedagogies alone have not been able to ameliorate the difficulties

associated with learning the intricate neuroanatomical concepts.

Cadaver dissection has the added advantages of developing important cognitive skills
(Slotnick and Hilton, 2006), manual dexterity (Granger, 2004, McLachlan, 2004) and an
opportunity to reinforce familiarization and respect for the body and hence, which cannot be
dismissed as obsolete. Nonetheless, in context of the limitations of traditional teaching
pedagogies and the changing trends across medical institutions (discussed below), it would
certainly be a shame not to take full advantage of the available technology to supplement the
dissection-based pedagogy (EI- Moamly, 2008). Some of the factors which have facilitated
the transcendence from traditional to modern pedagogies, include neuroimaging, computer
assisted learning resources, three-dimensional (3D) digital brain models, for teaching and

learning neuroanatomy. These will be individually discussed below in the next section.

4.1. Reduction in the Neuroanatomy Teaching Hours
Wide-ranging reductions in the anatomy teaching schedule in medical schools around the

world (Drake et al., 2002; Heylings, 2002; Plaisant et al., 2004; Azer and Eizenberg, 2007;

10
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Drake et al., 2009) has minimized the time which students can spend in the dissection rooms
(Kulkarni, 2014). In places like United States, United Kingdom, Ireland, Australia and New
Zealand, anatomy teaching hours have declined (Heylings, 2002; Leung et al., 2006; Sugand
et al.,, 2010). The United States alone witnessed an 18% decrease in neuroanatomy
instruction-hours from 2002 to 2009 (Drake et al., 2002; Drake et al., 2009; Drake et al.,
2014), while Arantes and Ferreira found that the average number of neuroanatomy contact
hours in Portugal had been reduced to a bare minimum of only 21.3 hours in institutions
adopting a modern curriculum, as compared to 61 hours in institutions still abiding by the
conventional curriculum (Arantes and Ferreira, 2016). The addition of new disciplines (e.g.,
communication skills, professionalism, and ethics) into the curriculum has further led to a
reduction in the teaching of factual neuroanatomical content (Parker, 2002; Moxham and
Plaisant, 2007; Rainsbury, 2007; Drake et al., 2009) despite students preferring longer
anatomy courses (Holla et al., 2009). Hence, not surprisingly, many institutions have replaced
dissection with prosections, plastic models and multimedia learning packages (Reidenberg

and Laitman, 2002; McLachlan, 2004; McLachlan and Patten, 2006).

4.2. Loss of Qualified Neuroanatomy Instructors

The number of medically qualified anatomy teachers has dropped (Turney, 2007). One would
be hard-pressed at most medical schools to find faculty members purely devoted to the
characterization of nervous system structure. For instance, Arantes and Ferreira (2016) found
that most faculty involved in teaching neuroanatomy in Portugal, were part-time teachers;
with some unrelated to neurosciences, while full-time career anatomists were rarely involved
in teaching this subject (Arantes and Ferreira, 2016). At some medical schools,

neurobiologists who are familiar with human neuroanatomy are responsible for teaching

11
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preclinical medical students and they may find it harder to use examples of clinical cases that

invoke the need for such neuroanatomical knowledge in practice (McCrorie, 2000).

An inadequate anatomy faculty, compressed syllabus and squeezed schedule for dissection
has created gaps in anatomical knowledge of the students. For instance, surveys of clinical
staff have shown that the majority perceive current anatomical education to be inadequate
(Waterston and Stewart, 2005) and in a state of crisis (Older, 2004; Raftery, 2007). The
situation has adversely affected training in surgery and other specialties — consequently
downgrading the clinical skills of doctors for safe medical practice (Waterston and Stewart,
2005). Hence, to maximize the efficacy of the limited time spent in the labs, students need to
prepare the topic, well in advance, prior to the commencement of each teaching session.
Computer assisted, and online neuroanatomy learning resources could help substantially in

this regard.

4.3. Increased Need to Learn Living Anatomy and Neuroimaging

In modern times, the doctors will increasingly encounter anatomy through two modalities:
living anatomy and medical imaging. Cadavers and prosections might not be the best guide
to living anatomy during undergraduate training, because these are by their nature non-
responsive to movements and interactive clinical examination techniques, such as, palpation
and percussion. In addition, the process of fixation significantly alters the color and texture
of human tissues, and haptic feedback from dissection and prosections may be quite unlike,
as compared to that obtained during patient-encounters. Moreover, the information gathered
from a dissection does not readily translate into the cross-sectional views — presented by

computerized tomography (CT) and magnetic resonance imaging (MRI) scans.

12
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4.4. Small Size of Neuroanatomical Structures

Dissection (and prosections) are especially limited when it comes to visualization of
neuroanatomical structures, such as, the nerve pathways, nuclei and neuronal connections.
The computer assisted online resources can serve as useful supplementary teaching aids to

help students to appreciate the inter-relationships of these structures.

4.5. Health and Safety Concerns and Cost

Other limitations accompanying human-specimens include an emotional impact, health and
safety issues and legal concerns underlying handling cadaveric material, in addition to the
practicalities and cost of using cadavers; their acquisition, transportation, maintenance and

disposal (McLachlan and Patten, 2006).

5. Advantages of Computer Assisted and Online Resources

Since the end of the last century, technology has taken a front seat in dispersion of medical
education. In a recent systematic review, evidence that online learning was equivalent,
possibly superior to traditional learning in its impact on the knowledge, skills, attitudes and
satisfaction of undergraduate students has been presented and its cautious adoption in the

pedagogical design has been encouraged (George et al., 2014).

Whether it be PowerPoint™ slides or advanced augmented reality applications, digital and
e-learning tools could lead to an improved learning of neuroanatomy in various ways. For

instance, online computer applications can offer an advanced three dimensional (3D) (Cook,
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2007; Pickering, 2017) and a more realistic representation of neuroanatomical structures and
pathways as compared to the two dimensional (2D) illustrations used in textbooks (Juanes
and Ruisoto, 2015). The online mode of learning can overcome the barriers of distance and
time making education available for the entire global community through open-sourcing
(Cook, 2007; Juanes and Ruisoto, 2015). Purpose-designed online learning resources can
promote active student learning via interactive teaching designs, games, quizzes and active
internet searches (Cook, 2007; Pickering, 2017) and the computer learning programs can be
customized for individual learners (Ruiz et al., 2006). The students can visit the website
repeatedly and experience a greater control over their learning environments through flexible
participation timings. This will foster endurance-learning through deliberate practice and
temporal spacing (Cook, 2007). Lastly, the user-friendliness of the web-interfaces and ready
availability, coupled with the natural propensity and comfort of the millennial students
(Generation Y) to use online tools, makes e-learning, a powerful pedagogical tool to

supplement traditional neuroanatomy learning (Cook, 2007).

6. Conceptual Framework for Developing Online Neuroanatomy Learning

Tools

E-learning unites two main areas, learning and technology. The process of learning
incorporates the cognitive processes linked with the acquisition of knowledge while
technology can serve as an effective enabler of this learning process. An important factor in
any instructional initiative is the quality of its instructional design, and e-learning in no
exception. Hence, | have reviewed the online instructional design literature, multiple adult

learning theories (Taylor and Hamdy, 2013) and human cognitive learning theory (Mayer,

14
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2003; Paas et al., 2003), which have provided the thesis its conceptual basis, in the broader
context of incorporating best practices for online student learning. This enabled the
identification of a set of instructional design principles for formulating quality online learning
resources while the conceptual framework has provided theoretical underpinnings for these
principles (CF-ONLine, Conceptual Framework for Online Neuroanatomy Learning, Table

1.2).
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Table 1.2: Conceptual Framework for Online Neuroanatomy Learning (CF-ONL.ine)

Elements of CF-
ONLine

Theoretical basis

References

A. Cognitive basis
and avoidance of
information overload

1) Reduce extraneous processing, 2) manage
essential processing, 3) foster generative
processing

Mayer, 2003; Paas et
al., 2003; Young et
al., 2014

learning). 1) SDT (based on autonomy,
competence, relatedness), 2) Expectancy-
valence theory. 3) Needs assessment

B. Address 1) Multimodal content presentation to cater Price, 2004; Johnson
individual for varying learning styles and preferences, and Aragon, 2003
differences 2) Learner control (students can access

content in a random / systematic fashion)
C. Motivation Enhance intrinsic motivation (value-driven Sobral, 2004; Ryan

and Deci, 2000;
Chen and Jang,
2010; Hsu et al.,
2019; Cook and
Artino, 2016;
Wigfield and Eccles,
2000;

D. Contextualized
learning

Framing neuroanatomical facts around
realistic situations, teaching clinical
correlates and employing case-based studies

Greenwald and
Quitadamo, 2014.

E. Social learning

Influence of social processes (community
and context) on learning. 1) Situativity
cognitive theory. 2) Social learning theory
incorporating elements of behavioral and
cognitive learning theories. 3) Humanistic
(behavioral) learning theories explain
learning by watching behavior of others (a
mixture of behavioristic and cognitive
constructivist approach).

Durning and Artino,
2011; Taylor and
Hamdy, 2013.

can be used to promote reflection.
Experiential learning, SDT (competence)

F. Reflective 1) Transformative learning theory (discusses | Sanders, 2009;
learning utilizing disorienting dilemmas to challenge Mezirow, 1997.
students’ thinking). 2) Experiential learning
(incorporates a mixture of behavioristic and
cognitive constructivist approach)
G. Feedback An essential part of medical education and Van de Ridder et al.,

2008

H. Active learning

Enhanced user-interactivity promotes active
learning. Techniques such as discovery
learning, project-based learning, co-
operative learning can be employed.

Prince, 2004.

CF-ONLine = Conceptual framework for online neuroanatomy learning; SDT = Self-determination theory
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I contend that powerful online learning environments should address individual student
differences, motivate the learners, avoid information overload, provide a clinical and real-
life context, encourage social interaction, provide hands-on activities and student
engagement with the content and encourage student-reflection (Table 1.2). It is to be noted
that although the framework represents a synthesis of ideas from multiple perspectives, it is
not all-inclusive. | have taken this theory-driven CF-ONLine as a starting point whose
organizational schema will be modified considering the users’ opinions; both students and
educators.

The theoretical underpinnings of the conceptual framework (CF-ONLine) have been

discussed below.

6.1. Cognitive basis and avoidance of information overload

The learning efficiency from online tools / resources can be enhanced by developing
purposeful e-instructional designs which mirror human cognitive architecture (Mayer, 2003).
Cognitive load is a central consideration in the design of e-learning resources and multimedia
instruction. Meaningful learning, on one hand, involves simultaneous cognitive processing
of the pictorial and the verbal representations of information, on the other hand, must avoid
cognitive overload which could prevent assimilation of information by exceeding available
cognitive capacity. In this context, important load-reducing guidelines can be acquired from
the Mayer’s theory of multimedia learning (Mayer, 2003) and the theories of cognitive load

(Paas et al., 2003).

Richard Mayer suggested that the three top-level goals for designing multimedia instruction

for learning included 1) reducing extraneous processing which did not support the objective
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of the lesson, 2) managing essential processing required to mentally represent the
complicated material presented, and 3) motivating the individuals to delve deep into the
content to make sense out of it (or fostering deeper learning), known as generative processing
(Mayer, 2003; Young et al., 2014). Firstly, the extraneous processing can be reduced by
designing a user-interface which facilitates intuitive learning, adding cues to highlight the
main ideas and organization of the material (signaling principle), minimizing the need for
visual scanning by placing corresponding words and graphics close to each other (spatial
contiguity principle), presenting corresponding graphics and narration simultaneously rather
than successively (temporal contiguity principle) and avoiding incorporating those features
into the instructional design which do not contribute to learning (redundancy principle). For
instance, for the latter, adult learners don’t need to have the same information presented to
them in written text and audio formats (verbal text), simultaneously. Only the spoken / verbal
text (audio) would suffice so that the eyes can look at the graphics. On the contrary, if both
audio narration and text-captions are inserted then that might lead to a split-attention effect
in the visual processing channel in the brain and the learner might miss paying attention to
either some graphics or some written captions (Mayer, 2003). Secondly, the essential
processing associated with learning complicated, but important, information can be managed
by breaking up the information and presenting it in parts (segmenting principle) or by
providing some prior training into the names and characteristics of the main concepts (pre-
training principle). Lastly, if the students have the capacity to learn but they are not motivated
or not interested in trying to analyze the information, relating it to their previous knowledge
and trying to make sense out of it, then that implies that they are not exercising any generative
processing. Any means to motivate the learner will enhance the generative processing

associated with the schema construction (Mayer, 2003; Young et al., 2014).
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6.2. Individual differences and multimodal learning

Individual differences specific to learning and instruction can be found in intelligence,
cognitive controls, cognitive and learning styles, personality types, and prior knowledge
(Table 1.2., Price, 2004). Such differences can be addressed by providing content in multiple
formats and allowing for individual locus of control. Learners can be given the opportunity
to be as systematic or random in accessing course material as they desire. Although the
instructional design of e-learning resources should be framed along a hierarchical sequence,
however, they do not have to be accessed in a specific rigid way, with students having the
option to move through the course topics in random order (Table 1.2, Johnson and Aragon,

2003).

6.3. Motivation

Intrinsic motivation has been found to have a close relationship with measures of self-
regulation of learning and academic success in a demanding medical program (Sobral, 2004).
High intrinsic and low-controlled motivation profile of medical students has been better
associated with good study hours, deeper study strategy, better academic performance and
lower exhaustion from studies compared to the high extrinsically-controlled motivation
profile (Kusurkar et al., 2013). Both forms of motivation; intrinsic and extrinsic, can be
considered as two ends of a continuum. The extrinsically motivated behavior could be
internalized by the learner when there is a sense of relatedness and can get transformed into
an intrinsically motivated behavior. Internalization refers to the active attempt to transform
an extrinsic motive into personally endorsed values and thus assimilate the behavioral

regulations that were originally external. This concept has been endorsed by the self-
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determination theory (SDT) which talks about three basic needs that need to be met in order
to sustain intrinsic motivation, namely 1) competence (capability; being confident to carry
out a task), 2) sense of relatedness and 3) autonomy (more learner control with the participant
given more options / choices) (Table 1.2., Hsu et al., 2019; Cook and Artino, 2016; Chen and
Jang, 2010; Ryan and Deci, 2000). This implies that the neuroanatomy web-resources which
offer intrinsically-motivated instigators to their learners will possess higher chances of
success in helping students learn neuroanatomy. Students’ attention can be maintained by
ensuring that the course content, activities, and assignments are related to students’ personal
and professional goals. A sense of relatedness could be imparted to the medical students by
helping them learn the clinical relevance of basic neuroanatomical facts—leading to better
future clinical performance. In addition, social and environmental factors can influence
competency and autonomy, such as, ‘positive-feedback’—as part of an interactive
instructional design, can offer a feeling of competency and enhance intrinsic motivation.
Moreover, providing greater degree of control to the learner over learning content can also
enhance motivation (Hsu et al., 2019; Cook and Artino, 2016; Chen and Jang, 2010; Ryan

and Deci, 2000).

The drive to learn could be further understood in the context of expectancy-valence theory
which describes the motivation to learn, as a product of 1) expectancy of success and 2) value
of success (Table 1.2, Wigfield and Eccles, 2000). Enhancement of exam-performance
through available course material, case-based teaching / usage of clinical scenarios, and
highlighting relevant novel research, could enhance the value of successfully learning the
content, while inclusion of success stories or peer advice could contribute to the expectancy

of success upon successfully learning the material.
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Motivation to learn also arises from educational needs (Table 1.2). The extent of discrepancy
one perceives between his present level of ability and the desired level of ability, affects the
extent to which one is motivated to learn. Hence, the gaps in knowledge and performance
should be conveyed to the learners by clearly articulating the intended learning outcomes,
i.e., what the learners are expected to be able to do after the activity. In such an outcome-
based approach where clear goals have been set for learners, if the learners perceive a gap
between their current level of ability and the goals, they will be more motivated to take part
in the learning activities, if they believe the activities have been designed to help them

achieve the goals (Chan and Pawlina, 2015).

6.4. Contextualized learning

Contextualized learning motivates and enhances user-interest in learning the topic (Table
1.2). The neuroanatomical content could be learnt most effectively if it is presented in the
context in which it ought to be used in the future. Hence, the basic neuroanatomical facts
should be framed around realistic situations and integrated with clinical neurological
correlates. Case studies are an excellent way to provide the context in which new mental

schemas can be developed (Greenwald and Quitadamo, 2014).

6.5. Social learning

Learning and thinking cannot be stripped off from the influence of social processes, such as
community and context (Table 1.2). The situativity cognitive theory states that learning, and
thinking are social activities and are influenced by the available tools and the setting in which

learning takes place (Durning and Artino, 2011). Social learning theory combines elements
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from both behaviorist and cognitive theories and posits that we learn best by interacting with
others in social settings. Behavioral learning theory contributes to social learning because
people don’t learn from observation alone but through imitation and reinforcement of what
they observe. Cognitive component of the social learning theory focuses on the cognitive
processes involved in the observation over ones own / others’ resulting behavior, with the
idea that individuals can regulate their own behavior by recognizing consequences (Taylor

and Hamdy, 2013).

Although the online learning environment is limited in providing the social and communal
advantage of learning, still various strategies could be employed such as, using comments
sections underneath the web-pages, having discussion forums, bulletin boards and chat
rooms, inserting video-recorded welcome message and user-guide, creating listservs for

subscribers, and providing learners with the option of emailing the instructor or web-master.

6.6. Reflective learning

Reflective practice is a metacognitive process that occurs before, during and after situations
/ actions with the purpose of developing greater understanding of both the self and the
situation so that future encounters with the situation are informed from previous encounters
(Table 1.2, Sanders, 2009). Theories, such as, the transformative learning theory has explored
how critical reflection could be used to challenge the learner’s beliefs and assumptions and
potentially change them (Mezirow, 1997). In an online learning environment, reflection

could be promoted by provision of extensive and timely feedback to the learners.

6.7. Feedback
22



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Chapter 1

Feedback refers to specific information about the comparison between a learner’s observed
performance and a standard, given with the intent to improve the learner’s performance
(Table 1.2, Van de Ridder et al, 2008). Feedback is an essential part of medical education
and can be used to promote reflective learning. Some simple examples of formative
assessment and feedback offered to the users as part of the web-learning activity could
include multiple choice questions, interactive clinical cases or the option of turning the labels

on / off on the anatomical images.

6.8. Active learning

Adults learn better through active learning which can be defined as a learning process in
which the learners are engaged in meaningful activities in the classroom and are mindful of
what they are doing (Table 1.2, Prince, 2004). Active learning can occur in many forms in
an online learning environment by enhancing user-interactivity. This goes in accordance with
the proposed connection between constructivism and adult learning theory in online learning
environments (Huang, 2002). Discovery learning, project-based learning and cooperative
learning are common techniques for engaging students in activities that involve considerable
amounts of creativity, decision making, and problem solving and emphasize upon the
importance of learning from goal-driven and activity-based experience (Johnson and Aragon,

2003).

In summary, the pedagogical construct of an effective online resource should:
1. Employ a variety of learning tools to cater for varying learning style preferences.
2. Present the information in a manner which minimizes mental workload, such as, by

making design intuitive, emphasizing upon the high-yield facts (signaling principle),
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positioning relevant text and graphics in close spatial proximity (spatial contiguity
principle) and graphics and narrations in close temporal proximity (temporal
contiguity principle), providing preliminary training (helping users getting well-
worse with the interface and complicated terminologies) prior to commencement of
the course, and segmenting complex information into bite-sized chunks for easy
assimilation.

Enhance learner's intrinsic motivational drive by clear articulation of intended leaning
outcomes (needs assessment), sharing peer—success’ stories / experiences
(expectancy of success), and pressing upon the clinical relevance, role in research and
passing exams (Valence / value of success and sense of relatedness).

Offer the option of learning in a custom fashion, at one’s own pace and preferred
sequence (sense of autonomy and learning style preferences).

Offer interactive feedback (and sense of competency) for reflective and deeper-active
learning. the latter leads to active / deeper learning.

Exercise the social and communal advantage of learning by incorporating comments-
section, discussion forums, bulletin boards, chat rooms, video messages and user-
guide, generating listservs for subscribers, and providing learners the option of

emailing the instructor.

Below | have analyzed various modern technological pedagogies for neuroanatomy learning

in context of the above-described conceptual framework (Table 1.2).
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7. Modern Technological Pedagogies for Neuroanatomy Learning

7.1. Technology with Conventional Teaching Aids

7.1.1. Technology and Textbooks

Technology has come a long way in revolutionizing the way students interact and learn from
textbooks. Books published recently are supported by complementary IT materials, such as,
CDs / DVDs and subscriptions to online resources (Vazquez et al., 2007). Another
development in medical education has been the e-book with multimedia components.
Vasquez and colleagues, at the University of Salamanca Spain reported a compilation of
neuroanatomy e-books in interactive DVD format (Vazquez et al., 2007). The multimedia
components offered by these resources provide interactive learning opportunities through on
/ off switching of labels on illustrations and neuroradiological images, further complemented
by videos, case reports and question-banks with feedback responses. For instance, the
accompanying multimedia component of a neuroanatomy e-book entitled ‘Digital
Neuroanatomy’ has been subjectively perceived to be appealing to beginning neuroanatomy
students looking for a basic gross and histological overview of the subject, presented through
various modalities including dissection images, neuro-radiographs, stained sections and
interactive quizzes (Gould, 2007). However, a detailed quantitative assessment / evaluation

of the efficacy of such e-resources is lacking in the literature.

7.1.2. Technology in the Anatomy Classroom
For many years, in classrooms the blackboard and hand-drawn drawings were the main
bastion of anatomical teaching. With improvements in photography and the projectors

themselves, slides became an essential tool that for many people rendering the blackboard
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obsolete. The projection of animations and videos provided anatomy with another important
medium for teaching. The use of PowerPoint™ presentations to interactively present images,
associated text, animations and video-clips for anatomy teaching, has been favored by the
students (Carmichael and Pawlina, 2000). Moreover, the introduction of the audience
response system (ARS) technology has removed the boredom from the lecture room

environment by promoting active student engagement (Iskander, 2018).

Virtual classrooms have also been employed in addition to the traditional classrooms, where
students can tune into an impressive array of anatomical software. These can be accessed
from within the campus or from students’ homes. Many of these programs are interactive and

students can take advantage of these as a way of self-learning (Stewart et al., 2007).

7.1.3. Technology and Cadaver Dissection
Numerous resources are available on the web which contain an open access pool of images
of prosections and videos of cadaver dissection, such as, those offered by University of

British Columbia (Krebs, 2016 - http://bit.ly/UBC-Neuro) and Wisconsin University School

of Medicine (http://bit.ly/WSUanatomy). These resources can be used by undergraduate

students as supplementary teaching aids along with the conventional dissection and
prosection-based learning of neuroanatomical spatial relationships, thus facilitating
laboratory task efficiency. For instance, DiLullo and colleagues assessed the efficacy of an
online digital video clip resource custom-designed for medical students in the Philadelphia
College of Osteopathic Medicine. Dissection guidance was provided to the students by
communicating challenging aspects of the dissection process through these visual

demonstrations. Survey responses from students indicated that the videos enhanced the
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quality of the anatomy course as well as individual performances and enhanced student
competencies in human gross anatomy (DiLullo et al., 2006). Similarly, Mahmud et al
showed that despite the failure to improve the final examination scores, the 1%t year medical
students favored the use of dissection videos as supplementary teaching aids for the cadaver

dissection (Mahmud et al., 2011).

7.2. Neuroimaging

The imaging techniques, such as, endoscopy, MRI and CT, has enlarged the discipline of
living anatomy (McLachlan, 2004). Their incorporation into the curriculum offers medical
students, in vivo visualization of anatomy and physiology as well as an insight into

pathological processes (Gunderman and Wilson, 2005).

Grignon et al conducted a systematic review which showed that, when inquired using
questionnaires, students unanimously perceived the imaging anatomy being capable of
enhancing the quality and efficiency of human anatomy instruction (Grignon et al., 2016). In
addition, students’ exam and test scores improved after incorporation of radiological teaching
sessions (Grignon et al., 2016). Earlier, in a Likert questionnaire-based study, Machado and
colleagues found that second year medical students highly ranked the use of CT and MRI for
the successful demonstration of anatomical structures and explanation of clinical cases
(Machado et al., 2013). The study was however limited as a quantitative assessment of an
increase in students’ knowledge and understanding of neuroanatomy in relation to the
intervention was lacking. Moreover, from a design perspective, it would have been helpful
to have included a control group with no exposure to imaging anatomy (Machado et al.,

2013). In a study conducted at Boston University, Lufler and colleagues showed that the first-
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year medical students who used cadaver CT scans to visualize structures in the anatomy lab
during dissection, scored significantly higher in the practical exams and on questions testing
knowledge of anatomical spatial relationships (Lufler et al., 2010). The analysis of the data
acquired, was characterized by the use of multiple statistical models based on multiple
outcome variables related to comparison between students’ performances who used CT scans
vs. those who did not use the scans and those who used scans from same cadavers they
dissected vs. using different cadavers. Such multiple comparisons cannot be corrected by
logistic regression analysis and thus might have resulted in the observed significant
associations, by chance (Lufler et al., 2010). Lastly, the cadaver CT might not have been a
correct replacement of a live CT because of various potential tissue changes occurring inside
the preserved specimens. In the same context, the cadaver-age was not mentioned either
(Lufler et al., 2010). In another study inquiring about first year medical students’ perceptions
before and after the academic year, regarding integrating radiological anatomy instruction
into the curriculum, Murphy et al. found that students’ opinion regarding the importance of
integrating radiology in medical undergraduate teaching increased from 92.4% to 96.2% after
the module. Moreover, students’ ability to correctly identify anatomical structures on the
radiological images significantly increased from 59.8% to 64.3% after the module (P <
0.001) (Murphy et al., 2015). The results were encouraging and provide a valuable insight
into students’ perception of radiology-based teaching of anatomy; however, at the same time,
the study was limited by being carried out at a single medical school on a single class. Hence,
the results might not be an accurate representation of students’ opinions due to the bias
introduced by the local procedures, facilities, methods of instruction-provision, local
resources, and student background (Murphy et al., 2015). The participant-cohort included the

direct-entry medical students only. The perceived opinion of additional student-cohorts,
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including graduate entry medical and other health sciences students, needed to be taken into
consideration to enhance the validity of the results. Moreover, a cross-sectional study design
was employed by Murphy and colleagues (2015), which lacked a comparison of the
interventional radiological pedagogy (experimental group) against some standardized
pedagogical measure (control group). In addition, a false enhancement of structure
identification could have been observed because of the same images been shown to students
in both assessments, before and after the module, and the potential introduction of various
confounding factors during the extended time-gap between the two assessments; over the
course of the module (Murphy et al., 2015). In an additional study, researchers at the
University of Southampton, UK evaluated an X-ray-based radiological e-learning resource
for the first year nervous and locomotor course (Webb and Choi, 2014). It was found that
students enjoyed learning (77%), found it easy to use the e-resource (81%) and got actively
engaged in the learning process (75%). 80% of students reported that the e-learning helped
them revise anatomy and 69% stated that it facilitated their application of anatomy in a
clinical context. The summative assessment results were in alignment with the perceptual
opinion as it was found that the student knowledge of the topics covered by the radiologic e-
learning resource was significantly better as compared to those not covered by the resource
(P <0.001). While the favorable results are encouraging, however, one cannot be oblivious
of the fact that the usefulness of the XRay is limited when it comes to visualization of soft
tissue parts, especially the nervous system. Moreover, students’ previous experiences,
background, demographics and learning style preferences were not taken into account, which

could have confounded the outcome.
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In general, the magnetic resolution of the conventional neuroimaging modalities, such as, the
1.5-3T MRI is not high enough to visualize the small neuronal structures, such as, the nerve-
nuclei and the spinal and cranial nerve pathways. These topics are important part of the
medical undergraduate curriculum (Moxham et al., 2015) and understanding their location,
course and function is integral for clinical neurological localization. Under these
circumstances, diffusion tensor imaging (DTI) tractography could be used as a pedagogical
modality to visualize and learn the neuronal pathways and white matter tracts. Even though
the resolution of DTI is, once again, not high enough to visualize individual nuclei and
connections across the course of the neuronal pathways, the technology still has received a
positive response from the students. For instance, clinical cases and neurosurgical images
from DTI tractographies produced intraoperatively (MRI-DTI apparatus by BrainSuite®),
when presented during second-year neuroanatomy lectures for three years in a medical school
in Rome, received appreciation from the student-community and a very high number of
students felt that the use of intraoperative MRI-DTI images improved their knowledge of
neuroanatomical structures and their topographical inter-relationships (Familiari et al., 2013).
To further reveal the 3D structural relationships of white matter tracts in the human brain, a
group of researchers from Netherlands described a unique pedagogical method of combining
fibre-dissection with plastination to obtain durable and easy to use 3D specimens of
cerebellar white matter tracts and nuclei. Fibre-dissection is a technique that allows isolation
of whole fibre pathways, and once plastinated, the specimens can be used as a tool to teach

white matter anatomy and structural connectivity (Arnts et al., 2014).

In short, undergraduate neuroanatomy courses for medical students are currently being

supplemented with neuroradiological lectures incorporating CT and MRI, across numerous
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institutions. The pedagogy has received a positive response from the students, however,
limitations in the study design, evaluation-methods and analysis have risen questions
regarding their validity. Still, I believe, that as the technology becomes more affordable, we
will begin to see increased infiltration of other neuroradiological technologies, such as, DTI,
neuroimaging-based 3D digital brain models and virtual reality (VR) simulations into the
mainstream teaching curriculum. Currently, the literature lacks an account of a critical
appraisal of the neuroradiology e-resources from a learning-perspective. While being
optimistic about the potential advantages of these neuroradiology e- tools for learning
neuroanatomy, we should also be mindful of not getting carried away by the gadgetry and
lose sight of the main goal, i.e., “learning”. In this context, I believe that a serious account of
the development of the neuroradiology e-learning tools and their theoretical underpinnings —
from a learning perspective — needs to be highlighted in the future papers, which can
subsequently better guide their evaluation. To begin with, a brief account of the CF-ONLine

given in Table 1.2 can serve as a useful guideline.

7.3. Videos and Computer Animations

Video-streaming and animations are efficient modes of transmission of anatomical
information to the students. Other elements, such as pictures, text, charts and illustrations,
can all be synchronized with the video in question. In the context of cognitive theory of
multimedia learning, animations offer potential advantages over static images as they can
explicitly depict dynamic information rather than requiring the learner to infer the change

between consecutive static graphic displays (Ruiz et al., 2006).
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Various computer animations have been employed for teaching topics, such as, histology
(Brisbourne et al., 2002), neuroanatomy and cerebrospinal fluid (CSF) physiology. Lozanoff
and colleagues developed animations from plastinated brain sections to teach human
neuroanatomy in the context of the differences between an epidural and a subdural hematoma
in simulated clinical cases with traumatic head injuries (Lozanoff et al., 2003). Similarly,
Chorney described the development of an animated module to visualize the drainage of CSF
(Chorney, 1998). Warwick Medical School, recorded 3D video podcasts, called the

““Coachpod’’ for anatomy teaching on the move (Padwick et al., 2014).

Students have widely endorsed the use of videos / animations for anatomy learning. For
instance, when undergraduate medical and radiation therapy students were surveyed, Barry
and colleagues found the vast majority had employed YouTube video-clips for their anatomy
learning (Barry et al., 2016). Similarly, Jaffar and colleagues reported that out of the 86% of
students visiting their human anatomy education channel on YouTube, 92% agreed / strongly

agreed that the channel helped them learn anatomy (Jaffar, 2012).

While results from the above-mentioned studies allude to the perceived usefulness of videos
for anatomy learning, however, one also has to be mindful of the fact that these represent a
passive mode of teaching whereas active learning has been demonstrated to result in greater
learning gains. Adapting the videos into interactive tutorials which may provide opportunity
for feedback and the development of students’ self- evaluation may further increase the
efficacy of this pedagogical tool for helping students learn complicated subjects, such as,

neuroanatomy (Langfield et al., 2018).
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7.4. Computer Assisted Learning Web-Resources

Various e-learning modules, interactive atlases and web-applications have been employed
for learning neuroanatomy. Several data-sources including the Visible Human Dataset (by
the NLM) (Juanes et al., 2003), the Chinese (Zhang et al., 2006; Li et al., 2014) and the
Korean (Park et al., 2006) Visible Human Datasets, neuroradiographs (CT, MRI) (Petersson
et al., 2009; Werkmeister, 2015), textbook illustrations and images of cadaver material
(O’Byrne et al., 2008; de Faria et al., 2016) have been processed using a wide array of
computer softwares, such as, Osirix, Adobe Flash, QTVR, VR Works software, to develop
interactive multimedia content for neuroanatomy e-learning. Brinkley et al. used a
combination of multimodal tools, including dissection / prosection-based images, MR images
and digital 3D reconstructions of brain structures for formulating an e-learning resource
covering various neuroanatomy topics including spinal pathways (Brinkley et al., 1997).
Computer programming languages including HTML / PHP, C++, have been used at the front
end to design interactive web user interfaces for enabling the learner to use the multimedia

content.

In terms of the interactive features, most neuroanatomy web-resources have offered only a
basic-level interactivity to actively engage the users. This included interactive buttons for
text-based description, rollover image-labelling with immediate feedback and rotation and
panning of 3D models. O’ Byrne and colleagues imparted a fade-through image-function,
where a sliding bar could be used to serially move across sectional representations of the
brain (O’Byrne et al., 2008). Interactive questions including MCQs, fill in the blanks, picking
correct answers from a list of structures, had been provided by Choudhary et al. (Choudhury

et al., 2010).
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The clinical application of basic neuroanatomical facts is imperative for addressing the
prevailing neurophobia. The clinical contextualization of basic neuroanatomical information
can be helpful for learning neuroanatomy (and alleviating neurophobia) by motivating the
students through helping them associate a sense of relevance with the learning content (self-
determination theory) and consequently fostering generative processing (Mayer, 2003), as
mentioned in the CF-ONLine earlier (Table 1.2). Unfortunately, only a single web-resource
could be identified which had focused on applying the basic neuroanatomical information for

localization of lesion along the course of facial nerve in the brain (Lewis et al., 2011).

Many of the e-resources have been evaluated in an educational setting, by comparing them
against a traditional pedagogical tool / resource as part of a typical experimental-control study
design. Both qualitative (survey / questionnaire-based) and quantitative assessments have
been conducted to inquire about participants’ perception about the teaching tool and to
acquire objective evidence of the efficacy of the resource to improve student learning of
neuroanatomy, respectively. Still many lacked a comprehensive evaluation as part of their
experimental design. For instance, Petersson and colleagues (Petersson et al., 2009) only
employed a survey questionnaire to acquire students’ perception for assessing their e-
resource, while lacking a quantitative assessment of learning-gain. There were several
potential limitations associated with the evaluative design of the study, for instance, the
population study size was too small, and the hours spent using the software were too few to
allow reliable generalizations. Although, the study design incorporated a random generation
of experimental and control groups, however, the participants in both groups completed the

evaluation during different times (fall vs. spring semester), hampering controlling various
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possible confounding factors. Moreover, the e-tool was limited to cerebral vasculature only
and it was not incorporated into the curriculum at the time of evaluation, thus questioning the
reliability of the results acquired in a real-life setting. Unlike Petersson and colleagues
(2009), de Faria et al. (de Faria et al., 2016), Stewart et al. (Stewart et al., 2007) and
Werkmeister et al. (Werkmeister, 2015) did employ a quantitative assessment by gauging
students’ performance scores but they were deficient in acquiring students’ perceptual
opinion/s. O’ Byrne et al. (2008) and Choudhary et al. (2010) conducted a quantitative
comparison by comparing the performance scores of participants with students from previous
years and hence their experimental designs were limited in terms of normalizing across the
participants’ IQ, baseline knowledge and learning preferences, thus adding potential
confounds to the results. Lastly e-neuroanatomy resources from Brinkley et al (1997) and Li

et al. (2014) were not evaluated at all.

In the commercial sector, various popular resources such as Acland’s Video Atlas of Human

Anatomy (http://aclandanatomy.com/), 3D Human Anatomy Software by Primal Pictures

(https://primalpictures.com/) and Anatomy TV website (https://www.anatomy.tv/) could

help in neuroanatomy learning. Lately, there has been an explosion of large-scale initiatives
and projects addressing mapping, modeling, simulation and atlasing of the human brain,
including the BRAIN Initiative®, Human Brain Project® (Markram et al., 2011), Human
Connectome Project® (HCP), Big Brain® (Amunts et al., 2013), Blue Brain Project®, Allen
Brain Atlas®, Brainnetome®, among others, all of which hold potential for being employed
as useful neuroanatomical pedagogical tools (Nowinski, 2017). However, the relationship
between the instructional design of these resources and consequent enhancement of learning

needs to be assessed.
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To conclude, there is a plethora of online resources available, which are potentially beneficial
for learning neuroanatomy, however, the reliability of the conclusions could be challenged
due to lack of control of various confounding variables and limitations of the evaluative
paradigm employed. Much work is left to be done both in developing and evaluating new
instructional systems which could impart a greater level of interactivity and focus on the
clinical application of the basic neuroanatomical facts. The development of the instructional
design needs to be discussed in the context of the theoretical underpinnings offered by the
adult learning theories and cognitive learning theories, such as, those summarized in Table

1.2 (CF-ONLine).

7.5. Mobile Applications for Neuroanatomy

With continuous advancements in technology, mobile and tablet-based neuroanatomy
applications have gained students’ and educators’-interest, alike. In a recent review, Lewis
and colleagues talked about mobile-based 3D applications from developers for human
anatomy, such as, 3D4Medical Ltd., Visible Body Inc. and Pocket anatomy which allow
students to visualize and manipulate complex anatomical structures using detailed 3D models

(Lewis et al., 2014).

In reviewing the field, Cohen and colleagues provided a comprehensive list of mobile
medical applications in the field of neurology, many of which can be useful for neuroanatomy
learning (Cohen et al., 2013). For instance, some of the neurology mobile applications offer
highly useful views of surface and cross-sectional brain anatomy, such as, 3D Brain,

iSurfBrainView, and Brain & Nervous System Pro I1l: NOVA Series Collection. Several
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advanced apps focus on neuroanatomy, but with neuroradiological images. These include e-
Anatomy and other similar apps (BrainMRI and Brain MRI Atlas) which allow the user to
scroll through multiplanar MRI sections. A similar app, NeuroRad, also provides various
means to view vessels and vascular territories. They allow the user to electively label specific
structures, such as sulci, gyri, ventricles, cisterns, brainstem, or vessels. 3D Brain & Nervous
System Anatomy and 3D Muscular Premium Anatomy allow users to dynamically explore
3D models of the brain. The structures of interest can be isolated and viewed from any angle,
which is useful in understanding the neuroanatomical spatial relationships. A set of apps
using the Modality platform (Netter’s Neuroscience Flash Cards, Netter’s Concise
Radiologic Anatomy, Netter’s Advanced Head & Neck Flash Cards, Imaging Atlas of
Human Anatomy, Sylvius MR: Atlas of the Human Brain, and Thieme: Atlas of Anatomy)
provide numerous neuroanatomic plates of drawings and radiology. Inkling has the
“Essentials of Clinical Anatomy,” which includes an interactive approach to basic

neuroanatomy.

The principles central to the use of mobile technology in medical education draw from the
behaviorist and cognitive theoretical underpinning of socio-cultural theories (Durning and
Artino, 2011) and reflective learning offered by online communication and feedback.
Evidence in the literature has demonstrated that students value the integration of mobile
applications and devices into traditional neuroanatomy teaching methods (Vafa and Chico,
2013; Morris et al., 2016). However, one has to be mindful of the limitations associated with
the subjective reporting from voluntary respondents. Thus, a comprehensive quantitative
assessment of the mobile technology, following its incorporation into the learning

environment, is required in a randomized-controlled trial (RCT) setting. In the same vein, the
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study conducted by Morris and colleagues (2016) lacked an experimental and control group
comparison and the data was acquired from students over an extended time span of 3 years,
which could have added various potential confounds to the results and thus challenging the

validity of the impact reported on the learning outcomes.

7.6. 3D Modelling and 3D Display Technologies
3D models and 3D visualization technology (3DVT) has shown to increase students’
knowledge of neuroanatomical facts, the spatial inter-relationships, coupled with an increase

in user satisfaction and learners’ perception of the effectiveness of the learning tool

(Yammine and Violato, 2015; Azer and Azer, 2016).

In the simplest form, 3D models may provide the ability to manipulate and visualize
structures from many different angles, transcending the limitations of traditional static
images. In the more complex cases, a user may be able to select components for closer study,
move them about and examine supplementary data such as labels, radiographs and
animations. At the highest levels, users may interact in a natural way with the model, by
grasping it with the hands or altering it by cutting or drilling with a tool, thus providing an
immersive learning environment. Incorporation of various types of 3D display technologies,
such as, monoscopy, stereoscopy, autostereoscopy and augmented reality, into neuroanatomy
educational settings, can offer a richer learning experience by further improving neuro-

visualization.

Base-datasets of CT and MRI DICOM files have been extensively subjected to various post-

processing imaging techniques to create 3D digital brain models (Tam, 2010). For instance,
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Nowinski and colleagues employed 3T MRI and MRA scans to create a 3D digital model of
cerebral vasculature (Nowinski et al., 2009a; Nowinski et al., 2009b; Nowinski et al., 2009c).
Various other groups have also reconstructed 3D brain models using MRI and / CT scans
from live humans (Schnack et al., 2001; Pitiot et al., 2004; Anil et al., 2007; Howden et al.,
2008; Giesel et al., 2009; Howden et al., 2011; Drapkin et al., 2015; Palomera et al., 2014;
Settapat et al., 2014; Cui et al., 2017), cadavers (Nicholson et al., 2006; Adams and Wilson,
2011) and patients with strokes (Liu et al., 2010; Liu et al., 2009). In addition, cryosection
images from the VHD have proven instrumental for the development of 3D digital brain
models (Chariker et al., 2011; Yeung et al., 2011; Brewer et al., 2012; Chariker et al., 2012;
Palomera et al., 2012; Ruisoto et al., 2012; Pani et al., 2013; Naaz et al., 2014; Pani et al.,
2014; Allen et al., 2016), while Zhu and colleagues presented an interactive web-based
navigation system based on high-resolution Chinese Visible Human dataset (Zhu et al.,
2014b). A wide variety of softwares have been used for modelling and rendering the digital
brain models, such as, Adobe Director & Flash, Unity, Amira, Osirix, VRML, QTVR,
MicroView softwares, Web-based X3D player and Cinema4D XL Studio Bundle. Visual
C++, HTML / PHP, Java and Lingo were among the common languages employed for the
front-end development programming associated with the interactive web user-interface of

the model.

Consequently, various state-of-art 3D models of the brain and its components have been
created, which can be integrated into neuroanatomy e-learning resources, while the
instructional design of these online educational settings could be better informed by the
conceptual framework for e-learning, briefly outlined in Table 1. These include models of

cerebral vasculature (Nowinski et al., 2009a; Nowinski et al., 2009b; Cui et al., 2017),
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ventricles (Adams and Wilson, 2011), various cortical and subcortical structures (Gould et
al., 2008; Chariker et al., 2011; Pani et al., 2013) and 3D models-based videos to explain
neuroanatomical structures (Brewer et al., 2012). Learning the 2D sectional neuroanatomy is
important as medical students will have to localize neurological lesions by looking at the 2D
axial, coronal and sagittal sections of the central nervous system. Hence, to better integrate
3D spatial coordinates of the cortical and subcortical structures with the 2D sectional
representations of the brain, the 3D models have been overlaid onto 2D MRI (Drapkin et al.,
2015), PET / SPECT scan-images (Palomera et al., 2014) and cryosection-images (Palomera
etal., 2012). This dual visualization technique overcomes the cognitive leap required to jump

from 3D to 2D space.

Various 3D models related to the anatomy of neuronal pathways, such as, the cranial nerves
have been developed as well (Glittenberg and Binder, 2006; Yeung et al., 2011; Nowinski et
al., 2012; Nowinski et al., 2013; Nowinski et al., 2015). However, a comprehensive, high-
resolution resource capturing 3D relationship of neuronal pathways, including cranial and

spinal nerves, along with their tracts and nuclei, is lacking.

The user-interfaces associated with almost all 3D models described above offer only limited
interactive features for learning, such as, rotation, zooming in / out, panning, individually
selecting / removing structures (for virtual dissection), immediate feedback via on / off
interactive labelling for naming and localization of neuroanatomical structures. The 3D
interactive atlas from Nowinski and Chua (Nowinski and Chua, 2013) provides the option of
cutting the 3D brain in various directions to have a tri-planar display, while Palomera et al.

(Palomera et al., 2014), overlaid 3D models onto PET scan slices, thus offering users the
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opportunity to not only apply functional plane cuts and learn spatial relationships, but also
visualize functional brain activation areas. The ventricular model by Adams and Wilson
provides linear measurements between any two points / structures selected on the model

(Adams and Wilson, 2011).

Only a very few 3D models / atlases had focused on teaching the clinical correlates of
neuroanatomy to the students, including the localization of neurological lesions. For instance,
Nowinski and Chua have developed a 3D interactive atlas of neurological disorders with 144
synthesized lesions, created over the 3D brain model; each labelled with the resulting
disorder and associated clinical presentation (Nowinski and Chua, 2013). Lack of provision
of clinical correlates decreases the chances of contextualizing the information which could
have otherwise been learnt more effectively by motivating the students and through instilling
in them a sense of relatedness (Self-determination theory, Table 1.2; CF-ONLine) and
appreciation of the value of the content-learned (Expectance valence theory, Table 1.2; CF-

ONLine).

It has been suggested that additional research is needed to assess the value of computer-based
instruction in biomedicine (Ruiz et al., 2009; Tam et al., 2009). Many of the 3D
neuroanatomical tools have not been evaluated in educational settings (Nowinski et al.,
2009a; Nowinski et al., 2009b; Adams and Wilson, 2011; Nowinski and Chua, 2013). Out of
those which have been evaluated, some lack objective or quantitative evidence as most of the
evidence revolves around subjective student / learner perception and satisfaction (Gould et
al., 2008; Palomera et al., 2012; Palomera et al., 2014), which alone is insufficient to inform

us about the impact of the incorporation of technology resources into anatomy education
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(Clunie et al., 2017). On the other hand, some 3D models, such as that of the cranial nerves,
did not increase student knowledge of neuroanatomy as compared to the traditional text and

image-based materials, despite students’ preference for using the 3D models (Yeung et al.,

2012).

Various commercial companies have created large web-based 3D atlases for human anatomy
learning, including Biodigital Human Ltd., Visible Body, Zygote body, Google Body,
Anatronica, and many more (Frasca et al., 2000). However, their 3D brain models are limited
in terms of the accuracy of spatial relationships and resolution of the microcosmic

neuroanatomical structures.

Some additional important limitations associated with the usefulness of 3D reconstructed
models for neuroanatomy learning are as follows:

1) Low resolution slice thickness is not suitable for visualizing small neuroanatomical
structures, such as, arachnoid granulations. From a resolution-perspective, the Nowinski’s
model could be criticized as there is a sparseness of microvascular images and the content of
the vascular model is incomplete. In addition, some small vessels in the vascular bed (e.g.
ophthalmic artery, perforating arteries at the brain-base) have smaller lengths than those cited
in the literature, while others are completely missing, including the choroidal arteries and
cavernous sinus (Nowinski et al., 2009a). Moreover, the model has been based on a single
specimen which raises questions regarding its validity.

2) Nicholson et al. (2006) and Adams and Wilson (2011) used cadavers as a source for
developing their 3D brain models. However, one has to be cognizent of the fact that age-

related structural changes in the images acquired from cadavers potentially raise a red-flag
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for a less accurate representation of neuroanatomical structures (Fjell and Walhovd, 2010).
It has been observed that the brain shifs and settles after death, altering the original shape of
the spaces inside. In addition, embalming of the cadaver, using the arterial and venous system
to perfuse the body with embalming fluid, could have an effect on the shape of the ventricular
system as fluids are pushed through vessel walls of the choroid plexus into the ventricles. In
an MRI study, Dashner (2003) showed that unembalmed postmortem brains had higher soft
tissue contrast and greater image sharpness than images obtained from embalmed brains.
This was because the water content of the recently deceased brain was similar in form to that
of the living brain, and MR signal intensities are based on differences in water, specifically
the hydrogen concentrations between anatomical structures. The water content of the
embalmed brain would be different than the live or unembalmed brain due to the perfusion
of tissues with formalin during the embalming process (Dashner, 2003).

3) From a development perspective, the limited interactivity and anatomical subdivision of
the components of the brain model because of automatic image-processing segmentation
techniques, is an additional drawback, as it prevents separating out structures which have
similar tissue characteristics and thus will be segmented together as one object, preventing
them from being visualized separately from surrounding structures. This also hinders
interactivity by preventing virtual-dissection (Adams and Wilson, 2011).

4) Lastly, the large file size of the 3D digital brain models could hinder a smooth experience

at the user-end.

7.7. Augmented Reality in Neuroanatomy Education
Augmented reality (AR) is a hybrid technique that overlays digital information onto the real-

world objects to enhance user-experience of the real world (Berryman, 2012). Its use in health
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education has enhanced learning and the users of AR seek to continue using it in the future

(Zhu et al., 2014a).

Kicuk et al. evaluated the effectiveness of a mobile AR application on neuroanatomy
learning and found that 2" year medical students reported a greater learner satisfaction and
a lower cognitive load, coupled with a corresponding increase in their academic scores
(Klcik et al., 2016). The results seem encouraging, however, they should be accepted with
caution, as the ‘out-of-class time’~when students were engaged in using the augmented
reality Magic Book—had not been gauged. Therefore, more controlled RCTs need to be
employed in the future to test the reliability of the results acquired. Similar positive results
were acquired when Westwood (2016) imparted enhanced functionalities to the pages of a
clinical neurology review book by a mobile AR application, “The Gunner Goggles”. Medical
students felt that the AR application improved the quality of the textbook chapters and
suggested that a completed Gunner Goggles product would have been a viable alternative to
their shelf exam review (Westwood, 2016). A quantitative assessment of the Gunner Goggles

AR application is however missing.

7.8. Virtual Reality and Neuroanatomy Learning

Unlike AR, which focuses upon enhancing the reality, the virtual reality (VR) creates a totally
digital or a computer-generated environment. The immersive visualization offered by the VR
can greatly increase learners’ perception of the spatial relationships between neuroanatomical

structures.
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Various important data-sources have been used as substrates to generate 3D models for an
immersive virtual learning environment. Some of the research groups have resorted to
cryosectional images from the Visible Human Dataset (Kockro and Hwang, 2009; Armstrong
et al., 2014; Kockro et al., 2015), while others have employed CT and / or MRI neuroimages
(Kockro and Hwang, 2009; Hochman et al., 2014; Kockro et al., 2015; Stepan et al., 2017),
to develop virtual 3D models of the brain, temporal bone, 3 ventricle and other

neuroanatomical structures.

The VR can provide a highly interactive environment to enhance the neuroanatomy learning
experience through active engagement and provision of haptic feedback in a 3D world. For
instance, Armstrong and colleagues developed a 3D brain model where the users could
identify and reposition different parts of the brain into their correct anaomical locations in a
virtual environment. A magnetically tracked wand was used as a 3D input device and its
movement corresponded to the movement of a cursor within the rendered scene for moving
the objects (Armstrong et al., 2014). Hochman and colleagues segmented the CT images to
develop a 3D digital model of temporal bone. It was rendered in an in-house software, that
when connected with Microsoft Kinect®, allowed the user to extract specific anatomical
structures-of-interest from the model, move and rotate them in all planes, using hand-
movements / gestures (Hochman et al., 2014). “Touch-simulator” (resembling a brain) with
touch sensors, developed by Panchaphongsaphak et al., was designed to record and process
the sensory information from the user’s hands and audiovisually display it. It allowed the
user to visualize and manipulate graphical information of the brain surface of different cross-

sectional slices by a finger-touch on the simulator (Panchaphongsaphak et al., 2007).
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Virtual endoscopy, which has been used in preparation for neurosurgical procedures, can
provide an interactive, noninvasive, 3D visual inspection of anatomical cavities & vessels in
a VR environment (Neubauer and Wolfsberger, 2013). Karaman, in their M.Sc. thesis

(https://dspace.ucalgary.ca/handle/11023/2845) at the University of Calgary, has described a

live virtual tour of a 3D brain museum, as well as a standalone application to recreate
elements from the museum for a similar desktop experience. Using the Brain Slice Explorer,
a sliced replica of a human brain can be taken apart and studied, while corresponding QR
codes provide access to a web application with further information and details (Karaman,
2016). Lastly, software generating a ‘Second Life Environment’ can be universally used as
a virtual platform for online didactic lectures and live streaming demonstrations with
prospect of global participation. For instance, ‘the cranial nerve skywalk; a virtual anatomy
platform’ containing 3D models of cranial nerves 3, 5, 7, 9 and autonomic pathways,
provided a fully immersive 2" life environment for learning (Richardson- Hatcher et al.,

2014).

Although the VR applications increase the learner immersion and engagement, however, the
potential headache, dizziness or blurring of vision associated with using the head-mounted
display equipment could be physically debilitating (Moro et al., 2017). Moreover, the lack of
enhancement of students’ knowledge of neuroanatomy when using the VR applications has
been highlighted in various studies (Moro et al., 2017; Stepan et al., 2017). Students,
however, have appreciated the use of VR tools in educational settings. For instance, the 3D
model of temporal bone, 3™ ventricle and related structures (with selectable middle & inner
ear, cranial nerves, vessels, brainstem components) created by Kockro and Hwang, when

stereoscopically projected through Dextrobeam, was rated superior to the 2D teaching
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methods by students in context of spatial understanding, application in future anatomy
classes, effectiveness and enjoyableness (Kockro and Hwang, 2009; Kockro et al., 2015).
Positive feedbacks were also obtained from students regarding the “touch simulator” and the

“cranial nerve skywalk” VR tools (mentioned above).

Despite the fact, that the application of VR applications into mainstream neuroanatomy
education seems to be in its nascent stage, still we predict that as the technology becomes
further advanced and the cost of various sophisticated modalities, which employ the VR
technology, drops down, we will see their increased incorporation into mainstream
neuroanatomy education at medical undergraduate level. Having said that, we should not get
carried away by using technology solely for sake of using technology, and turn a blind eye
to the main reason why the technology was instilled into education in the first place, that is,

to enhance the learning process.

7.9. Social Media and Neuroanatomy Education

Students are increasingly willing to merge their online presence on social media with their
degree programs for sharing knowledge. For instance, Jaffar and colleagues (2014) reported
that most students perceived “Human Anatomy Education”; a Facebook-page, effective for
learning and favored the self-assessment posts (Jaffar, 2014). Students also find Facebook™
as a useful learning tool for their summative anatomy assessments’ preparation and in
increasing their confidence and reducing anxiety (Pickering and Bickerdike, 2017). Hennessy
and colleagues used a questionnaire to evaluate the use of Twitter™ as a way of supporting
students’ learning on a neuroanatomy module. They found a correlation between exam scores

and students’ viewing frequency. Twitter™ facilitated communication, relieved anxieties and

47



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Chapter 1

raised morale, which was valued highly by students and aided engagement with
neuroanatomy. Twitter™ was successful in creating and providing a support network for

students during a difficult module (Hennessy et al., 2016).

The significance of interacting with others in social settings cannot be undermined in learning
and thinking. This encompasses both behavioristic learning (with people imitating others and
reinforcing what they observe) and cognitive learning (mental processing involved in the
observation over the resulting behavior and regulating their own behavior by recognizing
consequences) (Taylor and Hamdy, 2013). While the social and communal context is
important for learning, the presence of an instructor who simply guides the learning process
(by acting as a guide by the side) and when required, steers it, based on his experience, is

essential as well.

7.10. Gamification of Neuroanatomy Education

The world of gaming has been intertwined with the world of education for a long time. In the
future we would see an increased application of game-design elements in non-game contexts,
such as, education. Many published studies suggest possible benefits from using gamified
media in medical curriculum. McCoy and colleagues reviewed various gamified training
platforms including education games, medical mobile applications, and virtual patient

simulations for medical education and clinical training (McCoy et al., 2016).

This is a rapidly growing field. More research is required to rigorously evaluate the specific
educational benefits of these interventions and to answer the question ‘if gamification will

be the future of education’.
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8. Hypothesis and Aims of the Thesis

Although modern technological pedagogies can serve as useful supplementary teaching aids
for learning neuroanatomy neurophobia still persists and students and doctors continue to
link it with their impaired understanding of neuroanatomy. In this context, this thesis sought
to investigate the potential limitations of existing online and technological pedagogical tools
and the pedagogical construct of these resources, to address the prevailing neuro (-anatomy-

) phobia.

8.1. Hypothesis

We hypothesized that a novel, interactive neuroanatomy e-learning resource, which is rooted
in the principles of instructional design based on cognitive and adult learning theories and
the users’ opinion, will be effective in significantly improving participants learning and

understanding of neuroanatomy.

8.2. Research Aims

8.2.1. Aim 1: Understanding Neurophobia: Reasons Behind Impaired Understanding and
Learning of Neuroanatomy in Cross-Disciplinary Healthcare Students (Chapter 2)
Students’ perception regarding the difficulties associated with learning neuroanatomy,
among a broad cohort of medical, dental, occupational therapy, and speech and language
sciences students will be assessed. Questionnaire will be formulated to inquire about the
students’ perceived difficulty of anatomy topics from systems and regions-based perspectives

(Appendix 1). In context of the nexus between the impaired understanding of neuroanatomy

49



10

11

12

13

14

15

16

17

18

19

20

21

Chapter 1

and the neurophobia, various factors contributing to this perceived difficulty will be explored
as well. In addition, an inventory of conventional and non-conventional technological
pedagogical tools regarding their usefulness for learning neuroanatomy and the perceived
efficacy of a purposefully designed computer assisted learning CAL resource will be inquired

(Appendix 1).

8.2.2. Aim 2: Evaluation of Neuroanatomy Web-Resources for Undergraduate Education —
Educators’ and Students’ Perspectives (Chapter 3)

A detailed search will be conducted to decipher the limitations of existing neuroanatomy
web-resources. A panel of educators will analyze and rank a selection of resources, focusing
on the features influencing their usefulness in learning the anatomy of the spinal pathways.
The evaluation-grid (Appendix 5) will be formulated based on evidence available in the
literature regarding the usability and web user-interface features, principles of adult
educational learning theories (Taylor and Hamdy, 2013) and the cognitive learning theory
(Mayer and Moreno, 2003; Young et al., 2014). A panel of undergraduate students will
subsequently evaluate the top three web-resources to assess how specific features aid in their
learning of the subject (Appendix 6). The results will provide us with a novel perspective
about features of neuroanatomy web-resources that are valued by both educators and users
with regards to their pedagogical construct. It will inform us about measures which can be

taken to improve the pedagogical construct and enhance learner performance.
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8.3.3. Aim 3: Neuroanatomy of the Spinal Pathways: Evaluation of an Interactive Multimedia
E-Learning Resource (Chapters 4 and 5)

A novel, interactive, neuroanatomy learning e-tool will be designed, whose pedagogical
construct will be informed by students’ and educators’ opinion acquired earlier in UCC. The
educational efficacy of UCC e-learning resource will be compared against the available best-
ranked online neuroanatomy resource. Undergraduate medical and health science
participants will be randomized into experimental and control groups. They will be provided
2 weeks-long online access to the UCC e-learning tool and the best-ranked available
resource, respectively. Participants’ knowledge of neuroanatomy will be assessed using 24-
item neuroanatomy quizzes (quiz-1 and 2; Appendix 9 and 10); before and after exposure to
the online tool, respectively. Lastly, participants’ opinion regarding usefulness of various
components of the tools will be gauged using a Likert scale-based questionnaire (Appendix

11).

Likert scale ratings and the neuroanatomy quiz scores for control and experimental group
participants will be compared to investigate if the pedagogical construct of the UCC e-
learning tool presents a significantly higher chance of breaking the perceived nexus between
the neuroanatomy-phobia and the neurophobia, as compared to the already available top-

ranked neuroanatomy learning online resources.
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(Is neuroanatomy difficult? Why? How can technology help?)

(Educators’ and students’ opinion)

2  Figure 1.1: Operational Flow of the Thesis.
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Abstract

Recent studies have highlighted a fear or difficulty with the study and understanding of
neuroanatomy among medical and healthcare students. This has been linked with a
diminished confidence of clinical practitioners and students to manage patients with
neurological conditions. The underlying reasons for this difficulty have been queried among
a broad cohort of medical, dental, occupational therapy, and speech and language sciences
students (Appendix 1). Direct evidence of the students’ perception regarding specific
difficulties associated with learning neuroanatomy has been provided and some of the
measures required to address these issues have been identified. Neuroanatomy is perceived
as a more difficult subject compared to other anatomy topics (e.g., reproductive / pelvic
anatomy) and not all components of the neuroanatomy curriculum are viewed as equally
challenging. The difficulty in understanding neuroanatomical concepts is linked to intrinsic
factors such as the inherent complex nature of the topic rather than outside influences (e.g.,
lecture duration). Participants reporting high levels of interest in the subject reported higher
levels of knowledge, suggesting that teaching tools aimed at increasing interest, such as case-
based scenarios, could facilitate acquisition of knowledge. Newer pedagogies, including
web-resources and computer assisted learning (CAL) are considered important tools to
improve neuroanatomy learning, whereas traditional tools such as lecture slides and notes
were considered less important. In conclusion, it is suggested that understanding of
neuroanatomy could be enhanced and neurophobia be decreased by purposefully designed
CAL resources. This data could help curricular designers to refocus attention and guide

educators to develop improved neuroanatomy web-resources in future.
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based teaching.
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Introduction

Increasing concerns have been expressed by the health sciences community regarding the
regression of anatomical knowledge among graduates and young practitioners. This
regression has highlighted an unmet and urgent need to address the underlying causal issues
to ensure safe patient care (Waterston and Stewart, 2005; Raftery, 2007; Fillmore et al.,
2016). Poor understanding of neuroanatomy has been documented as a major hindrance in
the successful translation of basic neuroscience knowledge to clinical situations. For
example, the incorrect administration of inferior alveolar nerve block by dental students and
interns due to their lack of understanding of the possible neuroanatomical variations has led
to major complications (AlHindi et al., 2016). Insufficient neuroanatomical understanding
and a resulting lack of confidence when treating neurology patients has been identified
among general practitioners (Schon et al., 2002; McCarron et al., 2014) and medical students
across various countries including the United States (Zinchuk et al., 2010), Ireland (Flanagan
et al., 2007), the United Kingdom (Schon et al., 2002; Ridsdale et al., 2007; Pakpoor et al.,
2014), Australia (Hudson, 2009), Singapore (Lim and Seet, 2008; Kam et al., 2013),
Caribbean countries (Youssef, 2009), Nigeria (Sanya et al., 2010), Sri Lanka (Matthias et al.,

2013), and India (Gupta et al., 2013).

Difficulties in retaining neuroanatomical knowledge were identified when second-year
medical students were re-tested with questions from an end of term assessment they had
completed eleven months earlier (D’Eon, 2006). Results showed a lower retention of
neuroanatomical knowledge compared to physiology and immunology, re-affirming the

difficult nature of the subject. Similarly, in face-to-face interviews practicing speech and
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language therapists specifically labeled their experience of learning neuroanatomy from
textbooks and traditional lectures as “very, very hard and tough,” especially compared to
other disciplines (Martin et al., 2014). Overall, neuroanatomy is consistently cited as one of
the most challenging portions of the anatomical sciences curriculum by medical students and
junior physicians alike (Jilwan et al., 2014). Further evidence from the literature suggests that
this poor understanding of neuroanatomy leads to a dislike or fear of the subject in clinicians
and trainees (Schon et al., 2002; Flanagan et al., 2007; Ridsdale et al., 2007; Lim and Seet,
2008; Hudson, 2009; Youssef, 2009; Sanya et al., 2010; Zinchuk et al., 2010; Gupta et al.,
2013; Kam et al., 2013; Matthias et al., 2013; Fantaneanu et al., 2014; McCarron et al., 2014;
Pakpoor et al., 2014; Abushouk and Duc, 2016). The term “neurophobia” was first coined by
Jozefowicz to describe this fear of the neural sciences and their clinical application in

neurology (Jozefowicz, 1994).

In the course of the last century, there has been a curtailment in the curriculum space allocated
to anatomy, particularly as health sciences programs develop integrated learning approaches.
As for other anatomical disciplines, neuroanatomy was integrated horizontally with other
basic sciences and vertically with clinical disciplines, leading to a marked reduction in the
number of dedicated teaching hours (Drake et al., 2009). While adoption of competency-
based and patient- and learner-centered approaches have been deemed useful in health
sciences education, they have also pressurized the faculty to justify place of basic
neuroanatomy in the curriculum (Hazelton, 2011); a situation that is not conducive to

resolving neurophobia.
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A brief overview of the pedagogical framework for neuroanatomy in the Republic of Ireland
illustrates that the pressures described above also apply nationally. While the core knowledge
is based on recognized curriculum (Moxham et al., 2015), the mode of delivery varies
between institutions. Four of the five medical schools in Ireland follow a hybrid approach in
which the traditional pedagogies (lectures and dissection room) are supplemented by
computer assisted learning (CAL) whereas teaching is anchored into a problem-based
learning paradigm in the fifth institution. For other health sciences such as occupational
therapy, speech and language sciences and dentistry, an overview of the Irish institutions
revealed that neuroanatomy is generally delivered as part of other anatomy or human biology
courses and that while only selected portions of the curriculum are being taught, time

constraints have also affected these programs.

Despite the perception that neuroanatomy is a difficult subject, the reasons underlying the
perceived difficulty of “neuroanatomy” have not been fully dissected. Previous studies
focused mainly on clinical neurology and alluded to an impaired understanding of
neuroanatomy in the broader context of difficulties associated with practicing clinical
neurology. In particular, Fantaneanu and colleagues identified a number of modifiable (such
as timing of delivery) and unmodifiable (such as past exposure or preconceptions) risk factors
associated with the onset of neurophobia and suggest acting on modifiable ones to reduce its
prevalence (Fantaneanu et al., 2014). Moreover, while a comprehensive survey revealed very
few positive outcomes (McColgan et al., 2013), potential strategies to reduce neurophobia
have started to emerge from systematic studies (McColgan et al., 2013; Abushouk and Duc,
2016). While some progress has been made, the development of effective educational

programs and tools is hampered by a relatively poor understanding of the underlying causes
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of neurophobia. In particular, the learning difficulties linked with impaired understanding of
“the basic sciences such as neuroanatomy” have not been directly studied. In an attempt to
bridge this gap, a broad anonymous survey was performed among medical, dental, and health
sciences students at University College Cork (Ireland) (Appendix 1). This research is novel
in its approach as it has aimed to identify the student’s perception of neuroanatomy and
specific areas of difficulty within the subject. Moreover, the reasons making neuroanatomy
difficult and possible solutions in the context of computer-aided learning have been

investigated.

It was hypothesized that neuroanatomy would be perceived by the students as a difficult topic
to learn compared to all other topics of anatomy and that intrinsic factors, such as the
complexity of the topic significantly contribute to this perceived difficulty. The hypotheses
are supported by the results from the present study which suggest that appropriately designed
online web-resources could be important pedagogical tools in addressing the challenges

associated with learning neuroanatomy.
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Materials and Methods

Institutional Neuroanatomy Teaching Framework

The pedagogical framework for neuroanatomy at University College Cork (UCC) is
primarily lecture-based with support from prosection-based tutorials and CAL (Anatomy and
Physiology REVEALED, McGraw-Hill Higher Education, New York, NY). Neuroanatomy
Is taught by multiple faculty members and is anchored in a systems-based teaching design.
The groups surveyed in this study included medical students from two separate programs,
undergraduate entry medicine (DEM) and graduate entry medicine (GEM), Bachelor of
dental surgery (BDS), occupational therapy (OT), and speech and language sciences (SLS)
students. The duration of each program is 4 or 5 years (Table 2.2). There are variations in the
timing of delivery with medical students (DEM and GEM) taking classes in their second year
while BDS students receive neuroanatomy lectures in first and second years. The
neuroanatomy curriculum for dental and medical students comprises the list of topics
presented in the survey. The medical curriculum is horizontally integrated with the relevant
physiology and biochemistry. Lectures content is oriented toward descriptive neuroanatomy
with supporting examples of pathological dysfunctions. The neuroanatomy curriculum is
covered in the Autumn semester with 18 hours of lectures and four 2-hour long prosection-
based tutorials. Bachelor of dental surgery students do not attend these tutorials as their
content is interspersed within their head and neck topographical anatomy. Occupational
therapy and SLS students receive the bulk of their neuroanatomy teaching in the second and
third years of their degree. The neuroanatomy curriculum is covered in the Autumn semester
with 18 hours of lectures focusing on clinical pathways, followed by clinically relevant case-

based examples (e.g., multiple sclerosis, Parkinson’s disease). The lectures are supplemented
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with two (for OT and SLS) 2-hour long prosection-based tutorials. Despite variations in the
delivery, all the students surveyed receive the same overall content. In addition, students
from the five programs are exposed to clinical scenarios as part of other modules. All
programs are assessed by a summative end-of module assessment and are supported by the
University’s web-based learning portal, which allows students to access lecture / tutorial

notes and other learning resources.

Survey Design

A 25-item anonymous questionnaire was designed. The survey was comprised of open- and
close-ended questions with Likert scale rankings inquiring about perceived areas of difficulty
in learning anatomy, factors contributing to the difficulty and the means to address such
challenges in the context of CAL (Table 2.1, Appendix 1). The questions were pre-evaluated
by a panel of seven medical educators at UCC; four neuroanatomists and three clinical
practitioners. The survey was proofread for clarity and checked for inclusion of equal number
of positive and negative statements and leading sentences, reducing the total number of
questions from 33 originally to a final 25. To ensure suitability and clarity, the questionnaire
was piloted with ten volunteer participants who were not part of the eventual data acquisition
process. Ethical approval was obtained from the institutional Social Research Ethics
Committee (Appendix 2 and 3). The survey was distributed in print and online, among the
medical students (DEM, N = 480 and GEM, N = 240), BDS (N = 160), OT (N = 50), and
SLS (N = 50) students that have completed the neuroanatomy training at UCC. The survey
was distributed to students in their second, third, fourth or fifth year of training, and as
described above, neuroanatomy teaching is completed in the second or third year of training.

Therefore, a serial effect may have been imparted on the results as some students completed
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the survey immediately after teaching concluded while third year medical and dental students
filled the survey a year after completing their neuroanatomy. This lag was increased to 2
years for fourth year students and 3 years for final year students in these programs. Fourth
year OT and SLS students filled the survey 1 year after completing their neuroanatomy
module. Bi-weekly reminder email notifications were sent to students. Data acquisition was

completed in 4 months (September—December, 2015).
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Table 2.1: Structure of the Survey

Question
no.

Qlto Q5 Participants’ characteristics

(Gender, program of study, current study year, prior qualification)

Subject of inquiry

Q6 to Perception of level of difficulty, knowledge and interest in anatomy topics:

Q11 a) Systems-based context (cardiovascular, gastrointestinal, genitourinary,
musculoskeletal, pelvic and reproductive, upper and lower respiratory
systems)

b) Regions-based context (abdominal, head and neck, lower limb, pelvic,
thoracic, upper limb)

Q13 Perception comparison of overall ease or difficulty of neuroanatomy compared
to other anatomy topics
Q14 Factors making neuroanatomy difficult:

(1- access to neuroanatomy information online, 2- access to neuroanatomy
textbooks, 3- appreciation of 3D relationships, 4- complexity of topic, 5- lecture
duration, 6- memorization of neuroanatomical terminologies, 7- time spent in
dissection room, 8- understanding clinical aspects of neuroanatomy, 9-
visualization of structures on prosections of CNS)

Q15 Difficulty learning the following neuroanatomy lecture topics:

(CNS vasculature, auditory pathway, autonomic nervous system, basal nuclei,
brainstem, cerebellum, cerebral cortex, cranial nerve nuclei and nerves, spinal
cord, limbic system, meninges and ventricles, motor pathways and lesions,
neurohistology, sensory pathways and lesions, trigeminal system, vascular
brainstem lesions, vestibular system, visual pathways)

Q16 Usefulness of the following teaching aids in understanding neuroanatomy:
(Anatomical models, bedside tutorials, CAL, dissection, laboratory practicals,
spot examinations, peer learning, power point slides, lectures, web-resources,
prosections, radiology, textbooks, tutorials, board drawings)

Q20 Effect of case-based teaching on the level-of-interest in neuroanatomy

Q21 Efficacy of a purpose-designed CAL resource in addressing problems linked
with neuroanatomy learning

Q22 Usefulness of the following components of a prospective neuroanatomy web-

resource in learning

(Blogs, animations, games, quizzes, atlas’ images, neurology examination-clips,
videos of neurological and neurosurgical procedures, online discussion forums,
PDF lecture notes, podcasts, power point slides, radiology; 2D and 3D, snapshots
of prosections, models, coronal and horizontal sections of CNS, video lectures)
Q23 Role of purpose-designed neuroanatomy online web-resource in addressing
challenges enumerated in Q14

CNS = Central nervous system, 2D = Two-dimensional, 3D = Three-dimensional, CAL = Computer assisted
learning.
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The first five questions pertained to participants’ characteristics (gender, program of study,
current year of study, prior qualification, year of completion of neuroanatomy classes, Table
2.1; Q1-Q5, Appendix 1). The participants were subsequently asked to rank different areas
of anatomy in terms of their perceived degree of difficulty, level of interest, and their
knowledge of the topic (Table 2.1; Q6-Q11, Appendix 1). The subsequent sections of the
survey inquired specifically about neuroanatomy. Briefly, the participants were asked to rate
specific factors making neuroanatomy a difficult subject on a Likert scale (Table 2.1; section
Q14, Appendix 1) and rank each of the 21 lecture topics taught as part of the neuroanatomy
curriculum at UCC in terms of their learning difficulty (Table 2.1; Q15, Appendix 1). The
survey inquired about the perceived usefulness of various teaching aids in enhancing
understanding of neuroanatomy (Table 2.1; Q16, Likert-scale rankings, Appendix 1). Finally,
the participants were asked to rate the efficacy of computer assisted learning (CAL) resources
in addressing the challenges they identified in previous questions (Table 2.1; Q21-Q23,

Appendix 1).

Statistical Analysis

All statistical analysis was carried out using the Statistical Package for Social Sciences,
SPSS, version 22 (IBM Corp., Armonk, NY). Where appropriate, descriptive statistics were
provided (mean * standard error to the mean (SEM), median, range). Friedman’s paired
ranking test was used to analyse potential differences in the participants’ perceived difficulty
between various anatomy topics. The opinion of participants was on a Likert scale (ordinal)
and they ranked the difficulty of individual anatomy topics. The first comparison used two
groups (neuroanatomy v. cardiovascular, neuroanatomy v. gastrointestinal, etc.) moving to

three groups (neuroanatomy v. cardiovascular v. musculoskeletal, etc.) and finally moving to

64



Chapter 2

all the groups together (neuroanatomy, cardiovascular, gastrointestinal, genitourinary,

musculoskeletal, pelvic and respiratory).

The Likert scale scores returned for the neuroanatomy difficulty factors (Table 2.1, section
14, Appendix 1) were combined into intrinsic and extrinsic factors and Cronbach’s alpha was
used to assess if factors included in each category were closely related (internal consistency).
To test if the intrinsic scores were different from extrinsic scores a Wilcoxon’s paired rank
test was conducted. Nonparametric data was collected using Likert scales (ordinal data) as
students were asked to rank all contributing factors rendering these dependents on others.
Finally, a Mann—Whitney test was used to compute differences between the perception of the
preclinical and clinical students with regards to the usefulness of various teaching pedagogies

and the responses were independent of each other.
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Results

Participants’ Characteristics

A total of 383 students responded (272 females, 111 males, 39.1% overall response rate), of
which 60.1% were DEM, 16.2% were GEM, 7.3% were SLS, 11% were OT, and 5.5% were
BDS students. The majority of participants entered their degree program after completing a
secondary level education (279/383, 72.8%) and the remaining students (104/383, 27%) held
third level qualifications prior to their current studies (Table 2.2). The distribution and

characteristics of the participants are detailed in Table 2.2.
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Table 2.2: Characteristics of Participants

Direct . Speech and
Variable entry Gradua_te_ entry Occu_patlonal language Dentistry
-2 medicine sciences .
medicine sciences
(No.) % (No.) % (No.) % (No.) % (No.) %
Group 230
response (47.9) 62 (25.8) 42 (84) 28 (56) 21 (13.1)
rate? '
Gender
Male 78 (33.9) 24 (38.7) 2 (4.8) 1(3.6) 6 (28.6)
Female 152 38 (61.3) 40 (95.2) 27 (96.4) 15 (71.4)
(66.1)
Current
phase of
study
Pre-clinical | 97 (42.2) 42 (71.2) - - 8(38.1)
(year 2) (year 2) (year 2)
Clinical 133 17 (28.8) 42 (100) 28 (100) 13 (61.9)
(57.8) (years 3,4) (years 3,4) (years 3,4) | (years 3,4,5)
(years
3,4,5)
Highest
qualification
achieved
Leaving cert. 202 1(1.6) 37 (88.1) 24 (85.7) 15 (71.4)
/A levels (87.8)
BSc 7 (3.0) 32 (51.6) - - 2 (9.5)
(biological)
BSc (non- - 7(11.3) 1(2.3) 2(7.1) 1(4.8)
biological)
MSc - 12 (19.3) - - 1(4.8)
(biological)
MSc (non- - 1(0.4) 3(4.8) - -
biological)
Others 20 (8.7) 7 (11.3) 4 (9.5) 2(7.1) 2 (9.5)

2Five-year long program, ®Four-year long program, Group response rate refers to the proportion of students in
each group who participated in the study out of the total number of students in that group, BSc = Bachelor of
science, MSc = Master of science.
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Perceived Difficulty of Various Anatomy Topics

The assessment of the perceived difficulty of the various areas of anatomy showed that
neuroanatomy is considered to be more difficult than other areas, both in systems and region-
based anatomy teaching designs (Figure 2.1A, B). The degree of difficulty of neuroanatomy
was compared to other anatomical systems, including the pelvic-reproductive,
musculoskeletal, genitourinary, gastrointestinal, cardiovascular, and respiratory using a
nonparametric Friedman’s test (Figure 2.1A). Neuroanatomy was repeatedly and
significantly perceived as more difficult by the participants compared to other topics in
anatomy. The Friedman’s mean difficulty rank was 5.93 for neuroanatomy as compared to
pelvic-reproductive (4.39), musculoskeletal (4.23), genitourinary (3.86), gastrointestinal

(3.49), cardiovascular (3.17), and respiratory (2.93) (x* = 418.05, P = 0.0001).

In the context of region-based anatomy the perceived degree of difficulty of neuroanatomy
was compared to abdominal, head and neck, lower limb, pelvic, thoracic, and upper limb
anatomy (Figure 2.1B). When neuroanatomy was compared with all the other regions using
a nonparametric Friedman’s test, the mean rank difficulty score for neuroanatomy was 5.77
compared to head and neck (4.68), pelvic (4.22), upper limb (3.66), lower limb (3.34),
abdominal (3.18), and thoracic (3.15) anatomy (> = 409.60; P = 0.0001). The results from
both instructional designs show that neuroanatomy is consistently being perceived as a more

difficult topic compared to other areas of anatomy.
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Musculoskeletal

Genitourinary

System

Gastrointestinal
Cardiovascular

Respiratory

Very easy ] o Very difficult
Perceived level of difficulty

B Neuroanatomy

Head & Neck
Pelvis

Upper Limb

Region

Lower Limb
Abdomen
Thorax
1 2 3 4 5
Very easy Very difficult

Perceived level of difficulty

Figure 2.1: Perceived level of difficulty of neuroanatomy. A, Compared to other systems; B,
Compared to other anatomical regions. The participants were asked to rank the difficulty associated
with learning each topic on a 5-point Likert scale (1 = very easy, 5 = very difficult). Data are presented
as mean x SEM, for responses acquired from all participants. Each horizontal bar represents the mean
difficulty level for an individual topic. The vertical red bar indicates the average level of difficulty
for all topics.
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Separate analysis of the various academic cohorts demonstrated that 82.6% DEM, 75.4%

GEM, 92.8% SLS, 95.2% OT, and 66.7% BDS students ranked neuroanatomy as either
“difficult” or “very difficult” (Figure 2.2A). Furthermore, 73.1% DEM, 73.3% GEM, 81.5%
SLS, 95.2% OT, and 47.6% BDS students for a total of 74.8% of the participants perceived
neuroanatomy to be ecither “difficult” or “very difficult” in a region-based teaching design
(Figure 2.2A). Head and neck anatomy was ranked as difficult as neuroanatomy by the GEM
students (not shown). No additional difficulty was reported by the BDS students in learning
neuroanatomy compared to other topics when taught in a region-based manner, but system-
based neuroanatomy was perceived as increasingly difficult. Moreover, the participants were
specifically asked if neuroanatomy is difficult compared to other anatomy subjects (Table
2.1, Q13, Appendix 1). The majority ranked neuroanatomy specifically compared to other
topics as either “difficult” or “very difficult” including 82.4% of DEM students, 78.7% of
GEM students, 96.4% of SLS students, 95.1% of OT students, and 52.4% of BDS students

(Figure 2.2A).

The participants’ interest and perceived knowledge levels in the various systems and regions
described above were also gauged using Likert scales. No difference was found between the
various anatomy topics in the frequency analysis results (data not shown); however,
observing that neuroanatomy is consistently considered a difficult subject, a correlation
analysis was carried out to investigate the relationship between “perceived difficulty,”
“interest level,” and “perceived knowledge status™ of the students in neuroanatomy. The
perceived degree of difficulty was shown to be inversely related to the level of interest in
neuroanatomy from both system-based (r = -0.27; P < 0.01) and region-based perspectives

(r =-0.22; P < 0.01) (Figure 2.2B). The data was further analyzed for a possible correlation
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between the perceived degree of difficulty and the perceived knowledge of the topic. A
negative correlation was observed from both system-based (r = -0.35; P < 0.01) and region-
based perspectives (r = -0.39; P < 0.01). A positive correlation was also obtained between
the level of knowledge and level of interest in neuroanatomy when compared from system-
based (r =0.38; P <0.01) and region-based perspectives (r = 0.46; P <0.01) (data not shown).
The negative correlation between perceived degree of difficulty and level of interest and level

of knowledge was strongest for system—based methods of neuroanatomy teaching.
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Figure 2.2: Perceived level of difficulty of neuroanatomy. A, Percentage of participants rating
neuroanatomy difficult or very difficult to learn in a system-based (blue bars) or region-based (red
bars) curricular design and in comparison to other anatomy topics (green bars). Data is presented as
the percentage of respondents from each of the student cohorts as well as a combined group; B,
Correlation between the perceived level of difficulty of neuroanatomy with the level of interest or the
level of knowledge in the topic. The participants were asked to rank all three variables on a 5-point
Likert scale (for difficulty level, 1 = very easy, 5 = very difficult; for interest level, 1 = very low, 5 =
very high; for knowledge level, 1 = very limited, 5 = very good). Data are presented as the linear
regression curve of responses from the 323 participants that had completed the six questions for
system-based (blue lines) and region-based (red lines); r = Spearman’s correlation coefficient.
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Perceived Challenges Associated with Neuroanatomy

Having determined that neuroanatomy is considered a difficult subject, Likert scales were
used to identify various factors that may contribute to the participants’ difficulties with
neuroanatomy (Tables 2.1 and 2.3). For analysis, the potential contributing factors were
categorized into two groups; factors that are extrinsic to the subject, including lecture
duration and access to information and intrinsic factors such as anatomical terminology
(Table 2.3). Composite frequency scores were computed for each group and Cronbach’s a
was used to estimate the reliability of those scores (0.698 for intrinsic and 0.674 for extrinsic
composite scores). A frequency analysis of the Likert responses revealed that a relatively
small proportion of participants find that extrinsic factors influence the degree of difficulty
whereas a greater proportion find that the intrinsic factors play a role in making
neuroanatomy a difficult subject (Table 2.3). For each participant, the composite score was
calculated by averaging the response scores for all individual factors included in the intrinsic
and extrinsic groups. Wilcoxon’s signed-ranks test was used to test the null hypothesis that
intrinsic and extrinsic factors contribute equally to the difficulties in neuroanatomy. The
intrinsic factors were shown to impart a significantly higher challenge when learning
neuroanatomy compared to the extrinsic factors (Z = 215.12; P < 0.0001), implying that the
innate complex nature of the topic was perceived to be the biggest hurdle in understanding

neuroanatomical concepts.
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Table 2.3: Participants Perception of Factors Contributing to the Difficulty of

Neuroanatomy
Proportion of
Contributing factor Factc_)r participa_nts rating
grouping factor as important
contributor (%)

Access to neuroanatomy textbooks 5.1
Access to neuroanatomy information online Extrinsic 5.4
Lecture duration 13.9
Time spent in dissection room 19.8
Memorization of neuroanatomical terminologies 30.9
Appreciation of 3D relationships 33.3
Visualization of structures on prosections of CNS Intrinsic 33.5
Understanding clinical aspects of neuroanatomy 37.7
Complexity of the topic 47.7

CNS = Central nervous system, 3D = Three-dimensional

In support of this, the questionnaire contained an open-ended question to inquire further

about the factors making neuroanatomy challenging to learn. Three main impediments to

learning were identified by a thematic analysis:

Complexity of the Topic:

“Neuroanatomy itself is a very broad topic which required solid fundamental
understanding of each part involved from a cellular level all the way to the organ
level. 1t is challenging as most parts are interlinked in their functions”

“It 1s hard to understand localizing the level of the lesion”

“Difficulty in linking everything. I find it difficult to have the whole picture clearly”
“Mainly lots of terminologies, not enough time to adjust to the words before it 1S
assumed that you know them well”

“Very complex, need more than a semester to really understand concepts very well”
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Vastness of the Curricular Content:

e “Too many topics need to be covered in a short period of time”

e “A lot of information to cover in a short period of time while also studying for other
modules. Maybe try to spread it out more over second/third year and not just one
semester in third year”

e “Very hectic in a very short time span, there is a lot of detail”

e “A lot of content squashed into one semester”

Difficulty in Visualization of Neuroanatomical Structures:
o “I guess it is difficult because it is hard because you can’t really see the tracts in the
brain”
e “Learning content on paper/in textbooks makes it hard to learn, perhaps 3D would be
much more effective”

e “Visualization of 3D structures is quite difficult”

Relative Difficulty of Various Subtopics of Neuroanatomy

The participants were asked to rank 21 subtopics taught as part of the neuroanatomy
curriculum at University College Cork, in terms of their learning difficulty (Table 2.1, Q15,
Appendix 1). Data analysis shows that the combined difficulty level for all topics was 3.39
on a 5-point Likert scale (1 = least difficult to 5 = most difficult, Figure 2.3). The results
illustrate that the perception of difficulty is not homogenous across the neuroanatomy
curriculum and suggest that difficulties could be addressed with approaches targeting

individual topics rather than the discipline as a whole.
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Perceived difficulty of neuroanatomy curriculum
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Figure 2.3: Comparison of the perceived level of difficulty across various topics in the
neuroanatomy curriculum. The participants were asked to rank the difficulty associated with
learning each topic on a 5-point Likert scale (1 = very easy, 5 = very difficult). The vertical bar
indicates the average level of difficulty for all curriculum topics. Data are presented as mean + SEM.
CNS = Central nervous system; CSF = Cerebrospinal fluid.

Effect of Case-Based Teaching on Perception of Neuroanatomy

The participants were next asked, based on their experience, to rate their appreciation of case-
based teaching and its effect on their interest in neuroanatomy using a 5-point Likert scale
(Table 2.1, 1 = decreased interest a lot to 5 = increased interest a lot, Appendix 1). The
majority of participants in each student cohort (72.73% overall) reported that case-based
teaching would increase their interest in the subject (Figure 2.4). Interestingly, the
participants who rated case-based teaching as increasing their interest had also reported a

higher level of interest in neuroanatomy both from system- and region-based teaching

perspectives (r = 0.23 and r = 50.20 respectively, P < 0.001, data not shown).
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Figure 2.4: Perceived significance of case-based teaching in enhancing interest in learning
neuroanatomy. The participants in each of the five student groups were asked, based on previous
experiences, to rank the effect of case-based teaching on their interest level on a 5-point Likert scale
(1 = decreased it a lot, 5 = increased it a lot). The participant responses on either side of the midline
(point 3) were collapsed either as a decreasing effect (1 and 2, blue bars) or an increasing effect (4
and 5, red bars). The data are presented as the percentage of participants in each group.

Useful pedagogies in Neuroanatomy Teaching

When the usefulness of newer teaching pedagogies such as CAL was compared against more
traditional pedagogies such as dissection room tutorials in the form of prosections and
bedside teaching, data analysis showed that the perception of participants changed as they
progressed in their course. Separation of the participants into pre-clinical and clinical years
revealed that the usefulness of prosections was rated higher by the pre-clinical years students
than the clinical year students (Mann-Whitney U = 5840, P = 0.0001, Table 2.4). Inversely,
clinical students prefer CAL (Mann-Whitney U = 5994.5, P = 0.003, Table 2.4) and bedside

delivery (Mann-Whitney U = 9893.5, P = 0.0001, Table 2.4) as teaching modalities compared
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to pre-clinical students. The results imply that students increasingly favor a clinically oriented
and independent learning of neuroanatomy as they progress along their training.

Table 2.4: Perception of Teaching Pedagogies

Cohort CAL Prosection Bedside teaching
Pre-clinical years®
Mean 3.02 4.53 3.67
Median 3 57 4
Clinical years®
Mean 3.53 4.11 4.23
Median 4" 4 5™

aSecond-year students, "Third-, fourth- and fifth-year students; ** = P < 0.01, Mann-Whitney U test; CAL =
Computer assisted learning.

The participants were further questioned about the usefulness of neuroanatomy learning
web-resources and computer assisted learning. Such resources were deemed as highly
useful learning aids by the vast majority of participants (81.8%) and they either ‘agreed or
strongly agreed’ that the problems associated with learning neuroanatomy could be
addressed by web-based resources (Table 2.1; Q21, Appendix 1). Additional analysis
showed that when asked to rank their perception of such web-based neuroanatomy
resources on a five point Likert scale (1 = strongly disagree, 5 = strongly agree, Table 2.1;
Q23, Appendix 1), 81.4% of participants agreed or strongly agreed that the understanding
of the clinical aspects of neuroanatomy could be enhanced by using such resources. They
were also of the opinion that it would further their understanding of specific neuroanatomy
topics taught during lectures (82.9%) and during dissection room tutorials (85.1%),
elaborate further upon the features of the central nervous system (79.4%), aid in
visualization of structures on prosections (84.3%), aid memorizing neuroanatomical
terminologies (72.6%) and help them better appreciate the dimensional relationships of

central nervous system structures (83.4%).
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Perceived Importance of Various Components of a Novel Prospective Computer
Assisted Neuroanatomy Learning Web-Resource

The participants were asked to rate on a 5-point Likert scale (1 = very low to 5 = very high)
their perception of the importance of various components in the design of a prospective
neuroanatomy web-based resource (Table 2.1; Q22, Appendix 1). After excluding
incomplete responses, a non-parametric Friedman test was carried out on the remaining 308
participants.  Statistically significant differences were shown between the perceived
importance of various teaching components with online discussion forums and blog posts
ranking the lowest followed by traditional teaching tools such as PowerPoint™ slides and
lecture notes (y?>=1328.314, P < 0.001, Figure 2.5). The questionnaire offered an opportunity
to comment on the importance of various components in the design of a prospective
neuroanatomy web-based resource. While some tools such as blog posts were poorly rated,

the participants had nonetheless enthusiastic suggestions.

Blog Posts
e “Blog posts on specific neurological disorders, perhaps in a case-based style might
be helpful”
e “Blog posts on new discoveries would be exciting”
e “Blog posts by various lecturers regarding difficult topics/updates on recent research

for extra information”

Computer Animations

e “Computer animations offer better visual representation of brain structures”
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e “Computer animations showing the pathways of cranial nerves highlighting the

nuclei and crossing over should be used”

e “Computer animations especially for the circuitry and for understanding localization

of lesions”

e “Computer animations for deep brain structures would be useful”

Games and Quizzes

e “Games and quizzes should be used to ask questions which are based on lecture

material”

e “Make a few levels with explanations, from easy which is a direct question to hard

which could be the application of knowledge in clinical situation”

e “Games and quizzes on matching cranial nerves to their functions”

Neurological Examination Clips

e “Neurological examination clips for the cranial nerves being examined should be
shown in integration with cranial nerve being studied”

e “These would be helpful as they can be played over and over, helpful for OSCE

study”

Illustrated Images from Various Anatomy Atlases

e “[llustrated images from various anatomy atlases would be helpful if they are

interactive that can be zoomed into”
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e “Very helpful to compare multiple pictures of same thing, for example, compare
colored images from Netters with real brain images from Gray’s anatomy, side by
side”

e “Real life images are more helpful”

e “Option to have labelled or not, so you can guess first”

Neurosurgical and Invasive Neurological Procedures’ Videos
e “Videos of procedures to treat neurological disorders that are relevant and expected
during second year should be used”
e “More invasive, better, especially the awake procedure (touch certain area of the
brain and it shows movement, etc.)”

e “Limited use for the beginners; may be simple procedures would be helpful”

Online Discussion Forums

e  “Online discussion forums will need a moderator for quick response”

Video lectures (including Animated Videos)
e “Video lectures (step by step explaining complex topics, that is, tracts)”
e “Podcasts would be very helpful, lectures are fast paced and it would be amazing to

be able to listen back and hear things that were missed”

Radiology: 2D and 3D Reconstruction Videos

e “I think 3D visualization should be utilized so that we could picture it much better”
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e “3D radiological structures of the basal ganglia and limbic system would help the

imagination”

“Photos of brain prosections
Computer animations
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“Video lectures
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Figure 2.5: Perceived usefulness of components of a prospective neuroanatomy web-resource. The
participants were asked to rank the usefulness of various components of an online neuroanatomy
resource on a 5-point Likert scale (1 = very low, 5 = very highly useful). The participants’ responses
above the midline mark (point 3) were collapsed (4 and 5 together) and presented as a combined
percentage participants’ response. 2Snapshots of brain prosections used in dissection room teaching.
®Snapshots of brain sections (coronal, horizontal) used in dissection room teaching. “Neurological
examination clips. “Including animated videos. Clllustrated images from anatomy atlases.
Radiology: 2D and 3D reconstruction videos. 9Snapshots of models (plastic and plastinated; used
in dissection room teaching). "eurosurgical and invasive neurological procedures’ videos. 2D / 3D,
two-dimensional / three-dimensional.
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Discussion

Perception of neuroanatomy

Evidence from the literature has identified a fear or difficulty with neuroanatomy among
clinical practitioners and health students and points to an impaired understanding of the
subject as the main cause for this neurophobia (Flanagan et al., 2007; Youssef, 2009; Sanya
et al., 2010; Zinchuk et al., 2010; Matthias et al., 2013; McCarron et al., 2014; Pakpoor et
al., 2014). However, further exploration aimed at identifying quantifiable causes underlying
the impaired understanding of neuroanatomy is required. Such causal factors have been
investigated but were limited in the level of inquiry to broad topics and in their representation
of student cohorts. Several investigators addressed medical students only (Schon et al., 2002;
Flanagan et al., 2007; Ridsdale et al., 2007; Lim and Seet, 2008; Hudson, 2009; Y oussef,
2009; Sanya et al., 2010; Zinchuk et al., 2010; Gupta et al., 2013; Kam et al., 2013; Matthias
et al., 2013; McCarron et al., 2014; Pakpoor et al., 2014; Abushouk and Duc, 2016) (Table
1.1), while Martin et al. (2014) interviewed only speech and language therapy practitioners.
Most of these studies focused on clinical neurology and alluded to an impaired understanding
of neuroanatomy in the broader context of the difficulties associated with learning and
practice of neurology. For instance, when medical students were asked to rate their perceived
level of difficulty for various clinical specialties, neurology was ranked as the most difficult
(Flanagan et al., 2007; Youssef, 2009). In other studies, neurology was regarded most
difficult among various medical specialties by 50% of medical students and 41.7% of non-
specialist doctors (Matthias et al., 2013), and making neurological diagnoses was regarded
as moderately to very difficult by 46% of medical students (Sanya et al., 2010). McCarron et

al. (2014) found that general practitioners considered neurology significantly more difficult
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compared to other medical specialties while similar results were found by Zinchuk et al.
(2010), Pakpoor et al. (2014), and Schon et al. (2002). Furthermore, Kam et al. (2013) found
that the prevalence of neurophobia was 47.5% among medical students and 36.6% among
junior doctors. Qualitative interviews from practicing speech and language therapists
revealed that all of them expressed negative experiences with their learning of neuroanatomy

during their undergraduate years (Martin et al., 2014) (Table 1.1).

While these studies point to a lack of understanding of basic neurosciences and the
complexity of the topic as underlying sources for these difficulties, they did not overtly
inquire about the learning difficulties linked with basic sciences such as neuroanatomy. Such
tangible causes, if identified could subsequently be remedied through the use of appropriate

teaching and learning strategies.

The current study is, to the authors’ knowledge, the first broad scale study to provide direct
evidence of students’ opinion regarding difficulties associated with learning basic
neuroanatomical sciences. The results have shown that the participants regarded
neuroanatomy as more difficult compared with every other anatomy topic, both in system-
based and region-based teaching designs and that this perception was consistent across
students from various disciplines with the exception of the BDS cohort. Possible reasons for
this difference in opinion include the limited exposure of BDS students to neuroanatomy, the
relatively small proportion of respondents and possible limited understanding of the
importance of neuroanatomy in the context of their future clinical practice (Klueber, 2003).
Furthermore, the existence of a negative correlation between the student’s level of interest or

their level of knowledge and their perceived level of difficulty suggests that designing tools
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and teaching aids which enhance students’ interest in the topic such as case-based teaching,

could decrease their perceived difficulty and increase their knowledge of the topic.

Despite the fact that neuroanatomy has been identified as a major contributor to neurophobia,
few studies have directly assessed the reasons underlying the difficulties associated with the
subject. The results from the current study have shown that neuroanatomy was ranked as
difficult or very difficult by most participant cohorts, and therefore suggest that the perceived
difficulty may be inherent to the subject rather than the result of instructional design, delivery
issues or curricular timing. It further re-enforces evidence from the literature linking impaired
understanding of neuroanatomy with the innate complexity of the topic (Sanya et al., 2010;
Zinchuk et al., 2010; Matthias et al., 2013; McCarron et al., 2014; Pakpoor et al., 2014). Here,
this difficulty has been detailed by assessing the participants’ perception of potential
contributing factors. The results have demonstrated that intrinsic factors (complexity of the
topic, understanding the clinical aspects of neuroanatomy, memorization of neuroanatomical
terminologies, visualization of structures on prosections of the central nervous system and
appreciation of the 3D relationship of structures) had a greater contribution to the difficulty
associated with learning neuroanatomy compared to extrinsic factors (limitation of time spent
in the dissection lab, limited lecture time, access to neuroanatomy information online, access
to textbooks). The innate complexity of the subject was confirmed as the main contributing
factor but the role of additional components to this difficulty was also highlighted. When the
perceived difficulties associated with neuroanatomy were further explored by enquiring
about individual components of the neuroanatomy curriculum, the result revealed that not all
components are viewed as equally difficult; for example, the neural pathways were ranked

as the most difficult subjects while the anatomy of the ventricular system was deemed easier
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than others. This highlights not only the intrinsic difficulty of neuroanatomy as a whole but
also of specific topics within our curriculum. This data has identified areas of difficulty and

should inform curricular design to re-focus attention.

Preferred Teaching Pedagogy

In the last decades, several educational strategies have been identified to improve the
neuroanatomical skills of students in clinical disciplines (Rizzolo et al., 2010). However,
clarity has been lacking with regards to the preferred pedagogy to be employed (Heylings,
2002). Although study with human cadaveric material might have been traditionally
considered closer to clinical medicine (Zurada et al., 2011), a nonsystematic review on the
transformations in neuroanatomy teaching methodologies has shown that the majority of
institutions have been using electronic tools effectively to demonstrate the topography and
spatial relationships of neuroanatomical structures to the students (Sotgiu et al., 2012). For
instance, the usage of a neurology case-based web-resource showed significant improvement
in assessment score of medical students at Oxford University (Svirko and Mellanby, 2008,
2017). Moreover, a prospective evaluation of a neuroanatomy CAL tool for clinical therapy
students showed that it helped with structure identification and was rated as beneficial and
better than the traditional learning tools (Foreman et al., 2005). Case-based instructional
methods use realistic narratives to actively engage learners in developing their problem-
solving and analytical skills, as well as working in self-directed groups. Hudson (2009)
previously reported successfully using case-based teaching to reduce difficulties associated

with neuroanatomy and neurophobia.
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In the current study, the majority of participants agreed that their understanding of the clinical
aspects of neuroanatomy and of the topics they had studied in lectures and dissection room
sessions was enhanced with the help of CAL resources. As mentioned above, the dissection
room teaching includes self-directed learning using a recommended CAL resource but
student may also have accessed additional undocumented resources to support their learning.
Nonetheless, most of them also agreed that better visualization of the features of the central
nervous system and its structures was promoted by CAL. Moreover, memorization of the
neuroanatomy nomenclature and appreciation of the 3D relationship of neuroanatomical
structures was aided by such resources. It is worth noting that Azer and Eizenberg showed
that the preference for the teaching pedagogy could change over time, for instance, first-year
students rated dissection (44%) higher than textbooks (23%) while second-year students
responded by rating textbooks (38%) higher than dissection (18%) (Azer and Eizenberg,
2007). Similarly, Choi-Lundberg and colleagues found that the preclinical students ranked
gross anatomy highest whereas the clinical students ranked CAL highest for
reviewing/learning anatomy (Choi-Lundberg et al., 2016). When the usefulness of various
teaching pedagogies was queried from a neuroanatomy standpoint, results showed that
participants had a higher appreciation for traditional teaching techniques such as prosections
and dissection in enhancing their understanding of neuroanatomy. However, separation of
the data for pre-clinical and clinical years showed that the mean Likert-scale rankings for
CAL was higher while that for prosection-based teaching was lower for the clinical year
students. The results imply that despite the benefits offered by CAL students do not consider
it as a total replacement for traditional dissection-based learning modality and that as
students’ progress in their curriculum, their preference shifts to methods offering a stronger

link with clinical information. Their preference for CAL highlights its utility in reviewing
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the subject material after lectures and tutorials or in an autonomous manner. This dichotomy
in opinion could be an outcome of the dissection-based assessment of the preclinical students
that have ready access to prosections throughout the year while the clinical students lack such
provision It has previously been demonstrated that structured review of information can be
beneficial in medical training as it enhances the recall of relevant content (Billings-Gagliardi
and Mazor, 2009). In that context, CAL may provide a useful supplement in delivering
structured information that can be based on clinical information and accessed in an

autonomous fashion as individuals or as groups.

Finally, the assessment of potential components of CAL tools illustrate that while there is a
diversity of opinion, not all teaching instruments are perceived as useful in the context of
neuroanatomy. Interestingly, the more traditional methods used in lectures such as
PowerPoint™ slides, and handouts received some of the lowest rankings while more
interactive methods such as computer animations and examination received higher ratings,
further highlighting the link between interest, knowledge, and perceived difficulty identified
above. A similar diversity of opinion has been reported in the literature. For instance,
computer animations have been successfully used by medical educators for teaching anatomy
and histology (Brisbourne et al., 2002), physical examination (Houck et al., 2002) and
various surgical techniques (Mehrabi et al., 2000; Henderson and Ali, 2007), however, these
have not always proven to be effective (discussed in Ruiz et al., 2009). Various other online
pedagogical tools, which were investigated in the current survey included 2D and 3D
radiological models / images, videos of lectures and surgical procedures, snapshots of
plastinated models, atlas images, and podcasts have been reported to improve learning

outcomes (Lozanoff et al., 2003; Estevez et al., 2010; Chariker et al., 2011, 2012; Pani et al.,
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2012; Bacro et al., 2013; Pani et al., 2014; Drapkin et al., 2015; Biesalski, 2016). In an era
when the resources required for traditional anatomy teaching have become limited, CAL and
online web-resources have huge potential to effectively support teaching and learning,
however, their design and implementation must be carefully crafted. One also has to keep in
mind that the benefits of various tools may also vary according to learner characteristics such
as prior knowledge and spatial ability, learner control over the teaching-tool’s pace, learners’
ability to interact with the teaching tool, segmentation of the learning activity and the
cognitive load induced by the learning tool (discussed in Ruiz et al., 2009). Further research
will be necessary to ascertain when to use specific CAL tools and how to use them
effectively, but the current results nonetheless offer a student perspective on their potential
usefulness. The following quotation from a student summarizes it well: “It is good to have
these additional learning resources but ultimately it will be ineffective if the content is not
organized. A collaboration with biochemistry and physiology will also help in our

understanding.”

Limitations of the Study

There are a number of limitations to this study that are worthy of discussion.

Response Rate.

The overall response rate in our study was close to 40%, however, it was lower for the dental
students (13.13%). It is always advantageous to have a higher response rate to represent the
entire population. Relatively lower response rates could potentially be taken as the opinion

of the most interested or disinterested students. The early responders might have evaluated
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the module more positively compared to the late and non-responders (Rudland et al., 2005).

Additional comparison between such different respondent groups is lacking in our study.

Institution-Bias.
The study was conducted in a single institution (UCC) and therefore the results might not

offer a representation of the student attitudes at the national and international levels.

Serial Acquisition of Data Over Several Time Points.
Although the data was acquired over a span of a few months, the information was obtained

from students in various years of their programs of study imparting a serial effect to the data.

Empirical Evidence to Link Perceived Difficulty with Poor Examination Performance.

The perceived difficulty level Likert scores for various anatomy topics should be correlated
with the actual examination scores to see if the subjective evidence is mirrored by the
objective data. This could inform the educators if the perceived difficulty was low enough to
be eventually overcome by the students enabling them to perform well on the examination
or was it high enough that could not be overcome, hence requiring external help or

intervention. As the survey was anonymous, such correlation could not be done.
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Conclusion

In summary, neuroanatomy is perceived to be a more difficult subject compared to other
areas of system-based and regional anatomy by medical, dental, and clinical therapies
students. The opinion of a wide cohort of medical and health science students provided a
novel perspective on the underpinnings of perceived difficulty of neuroanatomy. Data from
the students’ validated the significance of appropriately designed CAL and online web-
resources to serve as effective pedagogical tools to aid the neuroanatomy learning, especially
in times when there is a push toward limiting the anatomy teaching time in the medical and
health sciences programs. However, the efficacy of an online neuroanatomy learning web-
resources will only be achieved if the specific problems and difficulties in learning and
understanding neuroanatomy, as identified in this study, are taken into consideration by the
educators and instructional designers. The data provided here highlights the perceived areas
of difficulty in neuroanatomy learning among the students. Spinal pathways was considered
to be the most difficult-to-learn component of the neuroanatomy syllabus, while factors, such
as, the innate complexity of the topic, impaired understanding of clinical neurological
correlates and neuroanatomical spatial relationships were major contributors to the perceived
difficulty. The results further informed the CF-ONLine (Table 1.2) to devise a set of
guidelines / rubric for evaluating existing neuroanatomy web-resources and render it
instrumental in guiding educators and instructional designers, as they embark upon

developing future neuroanatomy web-resources.
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Abstract

Impaired understanding of neuroanatomy has been linked with poor patient-care in
neurology. Despite the introduction of curricular changes, the development of novel teaching
strategies and the abundance of adjunct teaching web-resources, students and early career
physicians continue to report difficulties in learning and clinically applying neuroanatomy.
Differences in instructional design of these resources, the lack of assessment of their capacity
to meet intended educational goals and a poor understanding of the user’s perspective may
have hindered their success in increasing understanding and retention of neuroanatomical

knowledge.

To decipher the limitations of existing web-resources, an exhaustive search for neuroanatomy
web-resources was performed and filtered through a strict review criterion. A panel of
educators analyzed and ranked a selection of resources, focusing on the identification of
features influencing their usefulness in learning the anatomy of the spinal pathways
(Appendix 5). A panel of medical and neuroscience students subsequently evaluated the top
three web-resources to assess how specific features aided in their learning of the subject
(Appendix 6). This detailed analysis has identified features of neuroanatomy web-resources
that are valued by both educators and users with regards to instructional design. One resource
was ranked highest by end-users and educators in terms of clarity of explanation, step-wise
teaching design, summarization of information, control of instructional-pace, integration
with neurophysiology, neuroradiology and clinical correlates, deployment of pedagogical

tools and factors for visualizing neuroanatomical inter-relationships. These results provide a
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novel user perspective on the influence of specific elements of neuroanatomy web-resources

to improve instructional design and enhance learner performance.

Key words: Neuroanatomy, anatomy, medical education, web-resources, neurophobia.
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Introduction

The concept of neurophobia — a fear of the neural sciences and clinical neurology — was first
described by Jozefowicz in 1994 (Jozefowicz, 1994). Reports have consistently shown that
medical students and physicians feel incapacitated when required to apply their knowledge
of basic neurosciences towards patient care (Flanagan et al., 2007; Youssef, 2009; Sanya et
al., 2010; Zinchuk et al., 2010; Matthias et al., 2013; McCarron et al., 2014; Pakpoor et al.,
2014; Arantes et al., 2017; Mullaly, 2017; Conway and Tubridy, 2018). In this context,
studies have shown that the perception of neuroanatomy as a difficult subject is a significant
contributor to the problem (Martin et al., 2014; Javaid et al., 2018). A recent survey has
shown that medical and health sciences students rank the innate complexity of the topic, a
lack of understanding of the clinical relevance of basic neuroanatomical facts and the difficult
visualization of the three-dimensional inter-relationship of neuroanatomical structures as the

main reasons for their difficulty with neuroanatomy (Javaid et al., 2018).

The deployment of competency-based and patient- and learner-centered teaching have
contributed to renewed challenges to justify the place of neuroanatomy in the broader medical
curriculum (Hazelton, 2011). While there is contradictory evidence regarding efficient
teaching of neuroanatomy, as a standalone subject (Gogalniceanu et al., 2010) or as part of a
vertically integrated medical curriculum (Lim and Seet, 2008; Billings-Gagliardi and Mazor,
2009), recent studies of educational interventions have highlighted the significance of
focused approaches, including the implementation of team-based learning strategies (Anwar

et al., 2015) and optimized three-dimensional (3D) simulators and online resources
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(Abushouk and Duc, 2016), as important pedagogical tools for teaching neurological

examination and reducing neurophobia.

In recent years, the increased availability of web-based teaching resources, coupled with the
natural propensity of millennial students to use such online tools, has made ‘web-based
learning’ a powerful pedagogical tool for supplementing traditional neuroanatomy learning
(Cook, 2007). For instance, evidence has shown that online social mediums, such as,
Twitter™, encouraged student engagement during the course of a neuroanatomy module
(Hennessy et al., 2016). Similar opinions have been voiced by students regarding the
usefulness of YouTube™ videos for learning anatomy (Jaffar, 2012; Barry et al., 2016).
Svirko and Mellanby have documented improvement in the attainment of student learning
outcomes with the incorporation of 3D e-learning neuroanatomy modules (Svirko and
Mellanby, 2017). The significance of web-resources is further highlighted in the context of
limitations of the conventional teaching in medical universities, such as, an ongoing curb in
the on-campus teaching hours (Drake et al., 2009; Craig et al., 2010; Drake et al., 2014;
Topping, 2014), paucity of qualified anatomy instructors, shortage of cadaver donation, and
associated legal, financial and health concerns (Ellis, 2001; Demiryirek et al., 2002; Ellis,

2002; McLachlan and Patten, 2006).

Despite the benefits of computer assisted learning (CAL) and the abundance of
neuroanatomy web-resources available, students continue to report difficulties in learning the
subject; especially, the sensorimotor spinal pathways (Javaid et al., 2018). Furthermore, a
student user-based perspective which could inform and improve the quality of instructional

design of neuroanatomy web-resources has been lacking. The learning efficiency from online
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tools / resources can be enhanced if their pedagogical constructs and instructional design
mirror human cognitive architecture (Mayer, 2003). In addition, effective online learning
tools need to encompass a combination of principles, such as, addressing individual learning
difference, motivating the students, avoiding information overload, presenting real-life or
clinical scenarios, encouraging social interaction, active student engagement and reflection
(Johnson and Aragon, 2003). Thus, there is a need to understand the breadth and determine

the utility of currently available online tools for learning neuroanatomy.

In this study, a web-based search of neuroanatomy e-resources was performed and selected
resources were analyzed using a novel scoring rubric inspired by adult educational learning
theories (Taylor and Hamdy, 2013). Moreover, cognitive load reducing guidelines from
Mayer’s theory of multimedia learning (Mayer, 2003) and theories of cognitive load (Paas et
al., 2003) were used to inform the scoring rubric, in order to increase its efficacy at selecting
resources which promote meaningful learning. The principles offered by these learning
theories suggest ways to reduce the extraneous sources of cognitive load, so that mental effort
could be diverted towards the schema construction associated with learning (Young et al.,
2014). A panel of anatomy educators assessed the value of selected resources with regards to
their delivery of neuroanatomy of spinal pathways. A detailed opinion of students regarding
what they consider most / least useful when learning neuroanatomy from the web-resources
was also obtained. A quantitative analysis of educators’ and students’ perspectives adds
strength to the results of this study. The results will inform pedagogical construct of future
resources to better achieve learning outcomes for undergraduate students and reduce the

prevailing neurophobia.
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Materials and Methods

Study Design

This study consisted of an extensive search and review of neuroanatomy web-based tools
followed by a detailed evaluation of selected resources by 5 anatomy educators (2 PhD
scientists and 3 medically qualified; including 2 practicing clinicians) and 42 students at
University College Cork (UCC). The student cohort consisted of 42 volunteer participants;
27 2"d-year medical students (14 females, 13 males), and 15 3™-year B.Sc. neuroscience
students (8 females, 7 males) who were undertaking a neuroanatomy module as part of their
program. All participants had enrolled into their current undergraduate programs after having
completed their secondary level education with no other higher qualification. This study
received approval from the institutional Social Research Ethics Committee (log no. 2016-

108) (Appendix 7 and 8).

Design of the Evaluation Rubrics

To design the evaluation scoring rubric used by the author (Appendix 4) and the educators
(Appendix 5), various bibliographic databases such as, PubMed™ (National Institutes of
Health, United States National Library of Medicine, Bethasda, MD), Google Scholar™
(Google Inc., Mountain View, CA) and other search engines, including Yahoo™ (Yahoo!,
Sunnyvale, CA), WebCrawler™ (InfoSpace Holdings LLC Venice, CA), Lycos™ (Lycos
Inc. Waltham, MA) and Infotopia™ (Infotopia, McAllen, TX) were searched for the existing
tools and criteria for evaluation of medical, educational and health related educational
websites. The following search strings were employed: 1) Quality rating instruments AND

medical education, 2) (Evaluation OR guidelines OR www) AND medical education, 3)
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(reliability OR validity) AND (evaluation method OR questionnaire OR tool), and 4)
variations and combinations of the followings: ‘quality’, ‘internet’, ‘world wide web’,

‘rating’, ‘ranking’, ‘evaluate’, and ‘assess’.

In addition, the literature was also searched for articles with topics pertaining to 1) usability
and web user-interface features, 2) principles of adult educational learning theories (Taylor
and Hamdy, 2013), and 3) cognitive learning theory (Mayer and Moreno, 2003; Young et al.,
2014), to further inform the formulation of the evaluation rubric used by the author (Table

3.1, Appendix 4).
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Table 3.1: Neuroanatomy Web-Resource Evaluation Grid Criteria Used by Author and Educators

communication

group — Instructor availability — Search box

E‘ Elements of CF-
Jok Items Queries ONLine
S

- Content & Bibliographic accuracy — Authorship &
% Credibility Copyright disclosure — Target audience mentioned
k= Up-to-date Date of last update
S Bias Factual information — Advertisements — Sponsorships
I Learning outcomes Guidelines for: Content to be learnt — Desirable depth of

understanding (Bloom’s taxonomy) — Context Motivation

o Feedback acquisition from the students
=) F . Feedback — reflection —
3 ormative assessment : :
5 _ _ _ _ _ active learning
2@ Online Comments / Discussion section — Bulletin board —User

Social learning

Self-directed learning

Provision of resources / links for self-directed learning

E Individualized learning database & Instructions — Custom Address individual
= Custom levels . ;
] tests / quizzes differences
= Downloadable content
= ———
< User control Users can control the sequence of events Addr(_ess individual
differences
Relevance to Peer advice/success stories included — Advice for exam Motivation
% examination performance
s —
E Clinical significance Clinical application of content — Case-based teaching Contexss:;/zaet:jolr:a ,arnin
> _ i 12ed g
.2 | Relevance to research Inclusion of neuroanatomy/neuroscience research Motivation
= - -
S | Student reflection Are users enc_ouraged to ask quest_lons / reflect on Reflection
k= improvement strategies
Fun Inclusion of jokes, games, quizzes Motivation

Images/pictures

Awvailability of: Diagrams / Illustrations — Pictures of
models / prosections — Neuroradiology images

Cognitive basis to avoid
info-overload — address

[%2]

§ Videos of: Clinical procedures — Bedside neuro exam — individual differences

> Videos Cadaver dissection — Animations — Lectures —

I= Neuroradiology

s Notes Text description — Lecture notes — Figure legends Cognitive basis to avoid

- . info-overload — address
Audio Included or not?

individual differences

Content layout

Instructions/tutorial — Heading — Table of content / Site
map — Formatting (bold / highlighting) — Hyperlinks —
Glossary — Summary

Cognitive basis to avoid
info-overload — usability
interface features

User-friendliness

Navigation features — Relevance of page title — Ease of
access to information from home page — Consistent
formatting — Intuitiveness of navigation — Mobile
adaptability of interface — Connectivity via hyperlinks

Cognitive basis to avoid
info-overload — usability
interface features

Appropriate choice of colour and contrast — Cluttering of

Cognitive basis to avoid

Content presentation and interface

password requirement

Aesthetic appeal pages — Blurry / Pixelated images — Readable font mfo_-overload — usability
interface features
Language Conversational/audience-appropriate language
- Accessibility via all search engines — Plug-in / username / | Cognitive basis to avoid
Accessibility

info-overload

Comprehensiveness

> 50% of institutional neuroanatomy curriculum covered @

@ = Refer to Javaid et al. (2018) for the institutional neuroanatomy curriculum; CF-ONLine = Refers to the
conceptual framework for online neuroanatomy learning (Table 1.2).
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The rubric was subsequently peer-reviewed and refined by a panel comprising of the author,
five anatomy educators and one senior anatomy technical staff to produce the final evaluation
rubric used by the educators (Appendix 5). The items in the criterion were scaled on a
dichotomous basis with a yes (score = 1; present in the resource) or no answer (score = 0;

absent).

Next, a series of Likert-rating questions were formulated as part of the student evaluation
rubric. These were devised in light of the detailed review of the neuroanatomy web-resources
conducted by the authors and in consultation with the educators and senior anatomy technical
staff. The questions were grouped into different categories based on similar or shared themes
between them (Table 3.2, Appendix 6). The information not only provided insight about
students’ perception regarding factors which had been most efficiently employed by the
available web-resources to facilitate student learning of neuroanatomy, but was also used to
rank and select the best neuroanatomy learning web-resources. In addition, the student
evaluation rubric contained two open-ended questions, including, what factor helped them
most to learn when using a neuroanatomy web-resource and what mattered least to them

when learning neuroanatomy online.
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Table 3.2: Evaluation of Neuroanatomy Web-Resources by Students

Themes Questions Resource® Elements of CF-
ONLine
A B C
Perceived b Rank of the resources in order 14+07 | 23+06 | 23+0.38
value of of preference
resources Value of the resource for learning | 4.3+1.2 | 3.7+09 | 3.6+£1.0
Content Explanation of key principles of 38+12 | 34+£10 | 3.2+0.9 | Pre-training principle
description pathway layout
and Clarity of explanations 45+09 | 36+1.0 | 3.6x1.1 | | extraneous processing
presentation
Teaching Step by step drawings of 40+09 | 34+£1.1 | 28+1.2 | Segmentation
methodologies | pathways
Summary sheets or tables 34+11 | 28+11 | 26+1.1 | Repetition
Online quizzes and feedback 41+08 | 35+12 | 3.8+x1.1 | Reflection, SDT
(competency)
Linking neuroanatomy with 36+£10 | 34+12 | 3.0+£11 | Contextualized learning
neurophysiology (horizontal integration)
Linking neuroanatomy with 39+£11 |32+11 | 3.2+1.1 | Contextualized learning
neuroradiology (clinical correlation),
multimodality, SDT
(relatedness)
Linking neuroanatomy with head, | 3.8+1.0 | 34+12 |34%£1.2
neck and scalp anatomy Contextualized learning
Linking neuroanatomy with 26+13 [34+£14 |29+£12
neuroembryology
Solving neurological problems 41+10 |32+10 |3.2+1.2 | Contextualized learning
Bedside neurological examination | 3.3+ 15 | 25+1.3 | 2.4+ 1.4 | (clinical correlation),
videos SDT (relatedness)
Varying levels of detail 35+1.1 | 32+1.0 | 28+ 1.0 | Individual learning
Control of pace of instruction 41409 |3.2+11 | 3.1+1.3 | differences, managing
essential processing,
imparting autonomy,
SDT (autonomy)
Learning tools | Cross-sectional images 43+08 [ 34+08 |36+£10
CT, MRI 42+08 [29+11 |32+12
Animations, videos 42+10 | 30+12 |28+12
3D computer models 43+08 | 28+12 |32+14
- Brain prosections 44+08 | 3610 |34+£12
= images Multimodal learning,
S Plastic models 36+14 [32+13 |3.0+1.4 | catering forindividual
S images learning preferences,
s E 2D/3D illustrations | 43+0.7 | 35+09 | 35+1.1 | enhanced visualization
25 3D model softwares | 43+0.9 | 32+11 | 29+1.3 | for relationships
g § Animations or video | 44+0.7 | 32+10 | 29%1.2
S 3 lectures
== Images of sections 45+06 | 3.7+08 | 3612
S (Horizontal, Coronal,
& Sagittal)
CT, MRI 41+08 | 35+10 |33+12

2Data presented as mean + S.D. ® Ranking of each resource was conducted as 1%, 2" or 3" best on a 3-point
scale. For all other questions, values are derived from 5-point Likert scale ratings (1 = minimum, 5 =
maximum). The highest ranked resource is highlighted in bold. 3D = Three-dimensional, CT = Computer
enhanced tomography, MRI = Magnetic resonance imaging, SDT = self-determination theory.
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The CF-ONLine (Table 1.2) and students’ perception (Table 2.1, Appendix 1; Javaid et al,
2018) provided detailed insight regarding designing the evaluation rubrics. Opinions
acquired from a wide cohort of medical and health science students (Table 2.1, Appendix 1;
Javaid et al, 2018) revealed that neuroanatomy was considered most difficult to learn
compared to all other anatomy topics. The most important factor was the complex nature of
the topic, with students reporting difficulties experienced while interlinking things together
and feeling hard-pressed for time while getting their heads around complicated concepts
(students’ comments page 74-75, Javaid et al, 2018). Consequently, the students’ evaluation
rubric comprised of questions inquiring about participants’ perception regarding the
significance of measures for managing to learn complicated concepts. Examples include,
questions related to clarity of explanations and explanation of key principles of pathway
layout (Table 3.2; content description and presentation theme). Such features of e-resources
help reduce extraneous processing (CF-ONLine, Table 1.2) while clear articulation of key-
principles and complex terminologies in the beginning provide a priori-baseline knowledge
to the learner, thus making it easier to formulate complicated schemas associated with
learning the intricate neuroanatomical concepts (CF-ONLine; pre-training principle). In the
same vein, questions pertaining to step by step drawings of pathways and incorporating
summary sheets and tables were also incorporated into the rubric design (Table 3.2; teaching
methodologies theme). Elements of the CF-ONLine (Table 1.2), such as, ‘segmentation’ for
managing the essential processing of important content and significance of ‘repetition” for
revising and solidifying the learnt-content, informed the formulation of these questions.
Additional questions incorporated into the rubric pertained to the option of selecting from
varying levels of detail and a greater learner-control over the pace of instruction (Table 3.2).

While, such features cater for varying learning levels and styles, these also help manage the
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essential processing associated with cognitive assimilation of complicated topics, as
proposed in the CF-ONLine earlier (Table 1.2). Moreover, a greater degree of control
provided to the learner through custom-teaching, imparts a feeling of autonomy, thus
boosting the learner motivation level (Hsu et al., 2019; Cook and Artino, 2016; Chen and
Jang, 2010; Ryan and Deci, 2000) (Table 1.2; CF-ONLine). These questions were further
informed by our earlier findings regarding students’ opinion (Chapter 2), which revealed that
students’ perceived level of interest and level of knowledge were inversely correlated with
the perceived level of difficulty of neuroanatomy, thus suggesting that measures geared
towards motivating students to learn and enhancing their interest, will likely increase their

knowledge (and reduce the perceived level of difficulty) of the topic (Javaid et al., 2018).

In context of the clinical contextualization of neuroanatomical facts, students reported earlier
that case-based teaching would increase their interest in learning the subject (pg. 76, Javaid
et al., 2018). Moreover, the clinical year students preferred a clinically oriented mode of
learning for neuroanatomy (pg. 77, Javaid et al.,, 2018). As postulated by the self-
determination theory (Hsu et al., 2019; Cook and Artino, 2016; Chen and Jang, 2010; Ryan
and Deci, 2000), clinical contextualization could impart a sense of relatedness among the
medical students and motivate them to learn the topic (Table 1.2, CF-ONLine). Hence,
questions related to students’ perceived significance of solving neurological problems and
employing bedside neurological examination videos, were incorporated into the evaluation
rubric-design (Table 3.2). In context of relatedness, participants were also inquired about
their opinion regarding linking neuroanatomy with other relevant topics and modalities, such
as, neurophysiology, neuroradiology, neuroembryology and regional head and neck anatomy

(Table 3.2). The use of multiple modalities for learning, once again, caters for varying
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learning preferences and helps reduce the essential processing when participants are provided

an opportunity to learn in their preferred learning format (Table 1.2, CF-ONL.ine).

Lastly, a series of Likert-scale questions included in the evaluation rubric pertained to various
learning tools and students’ perceived significance for learning neuroanatomy (Table 3.2).
Participants’ suggestions acquired earlier regarding various components of the e-learning
resources (Javaid et al., 2018, Chapter 2), guided the design of such questions in the
evaluation rubric (Table 3.2, Chapter 3). For instance, earlier Javaid and colleagues (2018)
had shown that animations and videos were considered important for a better visual
representation of deep brain structures, and pathways of cranial nerves including their nuclei
and level of decussation, thus helping them to understand the localization of lesion (pg. 80,
Javaid et al., 2018). Videos were deemed helpful for learning steps of clinical examination
and various neurosurgical procedures and for repeatedly listening and playing back the
explanation of intricate topics, at a custom pace (pg. 80-81, Javaid et al., 2018). The
importance of multimodal learning and addressing varying learning style preference for

online learning had also been proposed earlier in the CF-ONLine (Table 1.2, Chapter 1).

Active / interactive learning was proposed as an important proponent for meaningful and
deeper learning in the CF-ONLine (Table 1.2, Chapter 1). Furthermore, Javaid et al (2018)
showed that medical and health sciences students preferred the luxury of being able to
interact with the illustrative images by zooming in / out and turning the labels on / off for
enhancing their learning experience (pg. 80-81). Moreover, the pictorial representation of
brain structures through a myriad of modalities, including illustrations, videos and

prosection-images was considered helpful (pg. 80-81, Javaid et al., 2018). Consequently,
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both CF-ONLine (Table 1.2) and students’ opinion (Javaid et al, 2018) informed the design
of questions pertaining to learning tools in the evaluation rubric (Table 3.1). Lastly, the
learning cannot be stripped of from the influence of social processes, such as community and
context (Table 1.2). The Situativity cognitive theory (Durning and Artino, 2011) and social
learning theories (Taylor and Hamdy, 2013), as part of the CF-ONLine (Table 1.2, chapter
1) inspired the incorporation of questions pertaining to online communication in the

evaluation rubric (Table 3.1).
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Web-Resource Selection and Assessment

A search for neuroanatomy web-resources was performed using online search engines such
as Google (Google Inc. Mountain View, CA), Yahoo (Yahoo! Sunnyvale, CA), and meta-
search engines, such as, WebCrawler (InfoSpace Holdings LLC Venice CA), Excite
(InterActiveCorp, New York City, NY) and Infotopia (Infotopia, McAllen, TX). Custom
search strings, including 1) Neuroanatomy AND web AND resources, 2) Neuroanatomy
AND education, 3) Neuroanatomy AND website, 4) Neuroanatomy AND online, were

entered into each search engine. The search spanned from May 1%t to Aug 2", 2016.

A primary list of neuroanatomy learning web-resources pertaining to human neuroanatomy
education, was generated. A web-resource was defined as any search outcome which can be
accessed through a web-browser (websites, teaching aids, online image banks, interactive
tutorials, etc.). The resulting list was filtered to exclude any of the following:
i.  Repetitive results from different search engines
ii.  Web-resources for disciplines other than neuroanatomy or those dedicated to non-
humans only.
iii.  E-textbooks, online dictionaries and glossaries.
iv.  Online journals or periodicals.
v.  Web-resources requiring a paid subscription or login for access.
vi.  Non-multimedia web-resources that do not incorporate both text (written / audio files)
and images (static pictures / dynamic videos or animations).
vii.  Web-portals containing hyperlinks for external neuroanatomy resources, with no
original content of their own.

viii.  Web-resources containing neurohistology and / or neurocytology information only.
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iX.  Web-resources which lacked interactivity. Interactivity, encompassed all active and
engaging forms of information-acquisition, including on / off switching of image-
labelling, images with linked information, quizzes and multiple-choice questions.

X.  Web-resources which covered less than 50% of the neuroanatomy syllabus taught in
our institution (Javaid et al.,, 2018). These were excluded to avoid including
incomplete resources which did not optimally address the breath of the institutional
neuroanatomy syllabus. For calculating the percentage, a list of lecture-topics taught
as part of the neuroanatomy undergraduate module at our institution was prepared
(denominator) and compared from the list of topics covered by each individual web-
resource (numerator). It is to be noted that the initial intent was to analyze the filtered
web-resources for the entire neuroanatomy syllabus. However, due to time-
constraints on part of the educators, and the narrow time window available during the
semester when students receive the neuroanatomy lectures, it was decided to focus
on a section of the syllabus that students had identified as the most difficult topic in

earlier research — the spinal pathways (Javaid et al., 2018).

This exclusion sequence risks the elimination of neuroanatomy web-resources which could
have addressed teaching of the neuroanatomy of the spinal pathways. To address this
potential limitation, the list of 64 neuroanatomy resources was re-assessed for their
information on the spinal pathways and no additional resources, other than the 22 already

identified for assessment, were included in the final list for authors’ review.

The remaining web-resources were analyzed and scored using an exhaustive evaluation

rubric comprising the items described in Table 3.1 (Appendix 4). The sum of the item-scores
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formed the total score for each web-resource with a maximum possible score of 85. The
scoring allowed the evaluation of its capacity to discriminate between neuroanatomy web-
resources and served to establish a ranking list of web-resources for subsequent educators’

evaluation.

Next, a panel of five anatomy educators involved in neuroanatomy research and teaching at
University College Cork evaluated ten neuroanatomy resources using a marking grid based
on the scoring rubric described in Table 3.1 (Appendix 5). The assessment was limited to the
3 top-ranked and a random selection of 7 additional resources from the authors’ evaluation
as it was not possible for the educators to evaluate all 22 resources due to their teaching and
research commitments. The educators’ evaluation grid differed from the initial evaluation
rubric as it probed the usefulness of specific features of the web-resources in the context of
student-learning of the sensory and motor spinal pathways. The sum of item-scores formed
the total score for each web-resource with a maximum possible score of 54. A spearman
correlation analysis was performed between scores attributed to the ten neuroanatomy web-
resources by the authors and those attributed by the educators to investigate the inter-rubric

reliability of the evaluations.

Next, the 3 top-ranked resources from the anatomy educators’ panel were evaluated by the

student panel, providing a users’ perspective regarding their effectiveness to aid in students’

learning of the spinal pathways (Table 3.2, Appendix 6).
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Thematic analysis
Answers to open-ended questions were tabulated and analyzed for patterns of meaning or

themes in the data. The analysis involved the following phases (Braun and Clarke, 2006):

Familiarization with the data and generation of an initial list of ideas

Familiarization with the depth and breath of the content was acquired through repeated
reading and actively searching for meanings and patterns, prior to commencing with the
formal coding process. The following initial list of ideas was generated:

e The nature of the presentation of content was perceived important, with participants
pressing upon the need for the material being concise, to-the-point and without
unnecessary detail.

e Various literal suggestions regarding learning complex information were found
through analysis of the data, such as, breaking the complex information into bite-
sized segments, clinically contextualizing the content and incorporating interactive
methods for learning.

e Incorporation of various learning / pedagogical tools into the e-resources was

highlighted by the participants.

Generation of codes

The data was coded by two investigators. A total of 17 and 14 codes were identified by two
investigators, independently. The codes were generated by the first investigator using a
manual coding method by writing down notes on the text and by using alphabetical labels to

group the comments and to indicate potential patterns. These included 1) Ease of use, 2)
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Clarity and simplicity, 3) Conciseness, 4) Step by step learning, 5) Repetition, 6)
Summarization, 7) Assessment and feedback, 8) Clinical correlates / vertical integration, 9)
Horizontal integration, 10) Videos, 11) Images, 12) Neuroradiology, 13) Dissection /
Prosections, 14) 3D Visualization, 15) Authenticity / source of information, 16) Information
irrelevant to the exams, 17) Functionality. Figure 3.1 shows a sample of the open-ended

statements where the coding has been added in by hand using alphabetical labels.
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Figure 3.1. Sample open-ended statements and coding using alphabetical labels. The labels included,
A= Ease of use, B= Clarity and simplicity, C= Conciseness, D= Step by step learning, E= Repetition,
F= Summarization, G= Assessment and feedback, H1= Clinical correlates / vertical integration, H2=
Horizontal integration, I= Videos, J= Images, K= Neuroradiology, L= Dissection / Prosections, M=
3D Visualization, N= Authenticity / source of information, O= Information irrelevant to the exams,

P= Functionality.
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The second investigator used NVivo™ (QSR International’'s NVivo 12.1 qualitative data
analysis software) to generate the following codes: 1) Voice, 2) Video, 3) Time, 4) Sections,
5) Quiz and queries, 6) Prosections, 7) Proper labelling, 8) Photos, 9) Interaction, 10) Images

2D-3D, 11) Explanations, 12) Ease of use, 13) CT and MRI, 14) Control of flow.

Generation of themes

A thematic analysis using an inductive approach (Braun and Clark, 2006) was used to sort
the different codes leading to the identification of overarching themes. The results of both
investigators were refined and compared to reach a consensus classification under 3 themes.
For instance, These included, 1) content description and presentation (incorporating the
codes 1-3, namely, ‘Ease of use’, ‘Clarity and simplicity’ and ‘Conciseness’), 2) teaching
methodologies (incorporating the codes 4-9, namely, ‘Step by step learning’, ‘Repetition’,
‘Summarization’, ‘Assessment and feedback’, ‘Clinical correlates / vertical integration” and
Horizontal integration) and 3) learning tools (incorporating the codes 10-17, namely,
‘Videos’, ‘Images’, ‘Neuroradiology’, ‘Dissection / Prosections’, ‘3D Visualization’,
‘Authenticity / source of information’, ‘Information irrelevant to the exams’ and
‘Functionality’. The codes which did not seem to belong anywhere, were placed underneath

a separate heading called ‘miscellaneous’ for housing those codes.

A few examples of resolving potential conflict between the two investigators’ selected codes

and reaching a consensus classification, have been given below:

e The code ‘voice’ was referenced three times by the data analysis software. Careful

investigation revealed that each time it was used in the context of a video description
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of the pathways. For instance, “drawn sketches of physiological / anatomical
mechanisms are useful with change in voice intonation when speaking” and “quality
images help the most and a voice over explaining the pathways also helps”. Hence, it
was merged with the ‘video’ category (code 10) identified by the first investigator.
The code ‘time” was references by the data analysis software in the context of ease of
the loading time of the website. For instance, “a clean, slick website that is intuitive
when minimal loading time is required to access material”. Hence, it was merged with
the ‘ease of use’ category (code 1) identified by the first investigator.

The codes ‘sections’ were references 9 times while the code ‘proper labelling’ was
references once by the data analysis software. However, these were used in the
context of the description of images and hence were merged with the ‘image—code’
generated by the first investigator. For example, students quoted that “diagrams, cross
sections, well labelled pictures and step by step explained pathways” were perceived
best by them to visualize neuroanatomical structures including the spinal pathways.
In some other locations, the code ‘labelling’ was employed in the context of
prosections and hence were merged into the prosection / dissection category
generated by the first investigator (code-13). For example, students quoted that
“labelled pictures of the real brain sections” were considered useful by them to
visualize the spinal pathways.

The code ‘interaction’ was referenced twice the by data analysis software, in the
context of interactive learning. For instance, students quoted that “3D interactive
models that you can manipulate yourself” and “diagrams, combined with interactive

3D models”, were perceived useful by them to visualize neuronal spinal pathways.

114



10

11

12

13

14

15

16

17

18

Chapter 3

Since, interactive models provide immediate feedback to the learner (such as, through
on / off labelling), hence, this code was merged with the ‘assessment and feedback’

category (code—7) originally identified by the first investigator.

Individual pedagogical domains within the resources were also separately rated by the
students (using Likert-scale questions) in terms of their usefulness in aiding the

neuroanatomy-learning experience and classified under the themes identified (Table 3.2).

One of the benefits of thematic analysis is its flexibility. It is not wedded to any pre-existing
theoretical framework, rather can be used within different theoretical frameworks and can be
used to do different things within them. It is compatible with both essentialist and
constructionist paradigms and hence through its theoretical freedom, serves as a flexible and
useful research tool for providing rich and detailed account of data (Braun and Clark, 2006).
Moreover, as thematic analysis does not require the detailed theoretical and technological
knowledge of approaches, such as grounded theory and discourse analysis, it can offer a more
accessible form of analysis, especially for those early in a qualitative research career (Braun

and Clark, 2006).
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Figure 3.2. Schematic representation of the selection and evaluation of neuroanatomy web-
resources. A primary list of neuroanatomy web-resources was generated using custom search strings.
The search results once filtered through the inclusion / exclusion criteria generated 159 web-
resources. This list was reduced to 22 resources by excluding resources which contained only
neurohistology information, were non-interactive or non-comprehensive. After analysis by the first
author, the top 3 resources and a random selection of 7 additional resources were submitted to an
evaluation by a group of 5 educators. The 3 top-ranked resources were assessed by student users with
regards to the importance of specific web-resource features in learning spinal motor and sensory
pathways.
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Statistical Analysis

Data were coded, anonymized and entered into Microsoft Excel 2016 spreadsheets
(Microsoft Corp., Redmond, WA). Data were exported to the Statistical Package for Social
Sciences (SPSS), version 24 (IBM Corp., Armonk, NY). Descriptive statistics (mean, £SD)
were used to present the data. Spearman correlation was used to analyze the relationship
between authors’ ranking and educators’ assessment of 10 neuroanatomy web-resources.
Non-parametric data was collected using Likert scales (ordinal data) as participants were
asked to rank all factors rendering these dependent on others. Non-parametric Friedman’s
paired ranking test was used to analyze potential differences between the three selected
resources (A, B and C). For those factors where a statistically significant difference was
obtained between the resources (A, B and C) by Friedman. Wilcoxon’s signed-ranks test was
subsequently conducted for the following three paired comparisons; 1) resource A Vs.
resource B, 2) resource B vs. resource C and 3) resource A vs. resource C. The latter helped
to identify which of the three resources employed each factor best for student learning of
spinal pathways. Differences with post-hoc adjusted P values less than 0.05 were deemed
statistically significant. Data from questions pertaining to the same subjects were grouped
and analyzed together. Cronbach’s alpha was used to measure the internal consistency of the

grouped answers.
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Results

An exhaustive web-resource selection and assessment process described in the methods
section initially generated a list of 159 web-resources. This list was reduced in size using a
step-by-step exclusion process (Figure 3.2), to eventually limit the list to 22 neuroanatomy
web-resources. Analysis of these resources using the authors’ evaluation rubric (Table 3.1,
Appendix 4), allowed the evaluation of its capacity to discriminate between these
neuroanatomy web-resources and served to establish a ranking of the 22 web-resources for

subsequent educators’ evaluation (Figure 3.3A, Appendix 5).
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Figure 3.3. Evaluation of neuroanatomy web-resources. A, Evaluation of 22 neuroanatomy web-
resources by the first author. The resources were assessed using a detailed criterion and scored
individually for the presence or absence of features. The 10 resources identified in black were further
assessed by the educators. The maximum total score for each resource was 85. The scores are
presented as percentage. B, Assessment of 10 neuroanatomy web-resources by a panel of 5 educators.
Each feature was rated for its usefulness in the context of learning of the spinal pathways. The
maximum possible score was 54. The data are presented as the mean percentage + S.D. (N=5). C,
Resource A is ranked highest by student users. Results are presented as the mean Likert score from
26 questions for each resource £ S.D. (P <0.001, Friedman’s test with Wilcoxon’s signed-rank post-
hoc analysis, *** P < 0.001 compared to resource A, $ P < 0.05 compared to resource B).
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Anatomy Educators’ Assessment

The top 3 ranked resources and a random selection of 7 additional resources from the panel
of 22 were evaluated by a panel of 5 anatomy educators, using the final educators’ evaluation
rubric, for the perceived usefulness of specific features when learning neuroanatomy of the
spinal pathways (Appendix 5). This grid differed from initial evaluation as it probed the
usefulness of specific features of the individual web-resources in learning neuroanatomy of
the sensory and motor spinal pathways. When the resources were ranked based on highest
mean educators’ score, results show that the top 4 resources stand apart from the remaining
6 resources as there is a 14% difference between the 4™ and 5" ranked resources (Figure
3.3B). the Functional Neuroanatomy web resource from the University of British Columbia
was ranked highest by the educators (Resource A, Figure 3.3B). A Spearman correlation
analysis showed that scores attributed by the authors’ evaluation and the mean scores from
the educators are highly correlated for the ten resources analyzed (r = 0.831, P < 0.01),
providing support to the reliability of the evaluation rubrics. These three top-ranked resources
have been referred to as resource A (Functional Neuroanatomy, University of British
Columbia, Vancouver, BC, Canada; Krebs, 2016), resource B (Neuroanatomy online,
University of Texas McGovern Medical School, Houston, TX; Watson et al., 2018) and
resource C (Neuroanatomy Lab Online, The University of Texas Health Science Center at

Houston, Houston, TX; Daffny and Amini, 2018) in the study.

Questions in the educators’ evaluation grid were grouped along six categories, based on
concepts, such as, Authenticity, Feedback, Adaptability, Incentive to learn, Learning Tools,
and Content presentation and interface (Table 3.1). Resource A was ranked highest in 4 / 6

categories (Adaptability, Incentive to learn, Learning Tools, and Content presentation and
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interface) while resource B was ranked highest in the other 2 categories (Authenticity,
Feedback). When it was not first, resource A was ranked second, reflecting its position as the

highest ranked overall.

Students’ Assessment of the Resources

The three top-ranked resources were selected for evaluation by students to identify the
features, which they believe are important when learning spinal motor and sensory pathways
(Table 3.2, Appendix 6). Following collation of data, Likert-scale questions for the students’
evaluation rubric were grouped into different categories based on shared themes, pertaining
to i) the perceived value of the three selected resources, ii) the description and presentation
of the neuroanatomy content, iii) the teaching methodologies employed, and iv) the learning
tools used (Table 3.2). An observational analysis of students’ illustrative quotes to questions
regarding what mattered most / least to them for learning neuroanatomy from online

resources, provided support for the formulation of the above-mentioned four categories.

Students’ Perceived Value of the Resources

Resource A is perceived as the best neuroanatomy web-resource. On completion of the
questionnaire, the respondents were asked to rank the three resources in order of preference.
Resource A was ranked first by 31 / 42 participants (73.8%) while 4 selected resource B
(9.5%) and 7 chose resource C (16.7%) as their top-ranked resource. A Wilcoxon signed-
rank analysis provided support to the preference of the students showing that resource A is
ranked superiorly to the other 2 resources (Table 3.2, P < 0.001 for both comparisons). When
asked to rank the value of the resources when learning neuroanatomy on a Likert scale, the

participants ranked resource A higher than the other 2 resources (Friedman analysis, P <
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0.001) with a mean ranking of 4.3 + 1.2 for resource A compared to 3.7 + 0.9 for resource B
and 3.6 £ 1.0 for resource C (Table 3.2, P < 0.01 and P < 0.05, respectively, Wilcoxon’s
signed-rank test). Analysis of the Likert scale ratings of 26 questions showed that overall
resource A was ranked 1% and that there was no difference in overall rating between resources
B and C (Figure 3.3C, P < 0.0001, Friedman’s analysis with post-hoc Wilcoxon’s signed
rank test). Finally, participants were asked whether each resource stimulated their interest in
neuroanatomy (Yes, No, Neutral answers), 31 said yes for resource A (73.8%), 16 / 42

(38.1%) for resource B and 14 / 42 for resource C (33.3%).

Content Description and Presentation

Students prefer clear and simple explanations in an easy to use interface. As illustrated below,
the thematic analysis of open-ended responses revealed that the layout, intuitiveness and the
clarity (and conciseness) of the description of the web-content were considered helpful by

students while using online neuroanatomy resources.

o “I prefer simple language, when material is presented in a clear and easy to use
manner.”

o “Short duration and very concise videos will be helpful.”

e “I'want to see concise notes with relevant summary diagrams.”

e  “Easy to use layout and accessibility of the web-content is important.”

o “A clean, slick website that is intuitive when minimal loading time is required to

access additional material”’
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When asked to rate the resources for the clarity of their explanations, results showed that the
mean Likert scores for resource A (4.5 £ 0.9) were significantly higher compared to both
resources B (3.6 £ 1.0) and C (3.6 + 1.1) (Table 3.2, P < 0.01 compared to resources B and
C, Wilcoxon’s signed-rank tests). However, the description of the key principles of the spinal
pathways layout (such as, the organization of first, second and third order neurons in sensory
pathways, relationship of ipsilateral / contralateral deficits with lesions below / above
decussation-level, etc.) was rated better by participants for resource A (3.8 £ 1.2) in
comparison to resource C only (3.2 £ 0.9, P < 0.05, Wilcoxon’s signed-rank test). Resource
A still had a higher mean score compared to resource B (3.4 + 1.0), however, the difference
was not statistically significant (P = 0.08, Wilcoxon’s signed-rank test). Comparison of
resources B and C showed no significant difference either between them in terms of clarity
of the explanations or the description of key principles (Table 3.2, P = 0.74 and P = 0.19
respectively, Wilcoxon’s signed-rank tests). Cronbach’s alpha shows a strong inter-reliability

of answers for resource A (a = 0.80) but less so for resources B (o =0.67) and C (o = 0.64).

Teaching Methodologies

Students indicate preference for a variety of learning strategies. As illustrated below, results
from the thematic analysis indicate that assimilation of information in a step-by-step fashion
coupled with repetition, revision and feedback quizzes are most helpful while learning
neuroanatomy online. Moreover, clinically contextualization and horizontal integration are
perceived to enhance interest for basic neuroanatomy. The following sub-themes were

identified in this domain:

o “Step by step explained pathways will be very useful”’
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o “Step by step learning and step by step explanation is very useful”

e  “Repetition of learning material is helpful for learning”

o ‘[ liked the way, in UBC videos, they circled again the areas with pen onscreen
afterwards to make sure that you knew exactly where the area was, was really good”

e  “Online quizzes with feedback provide the ability to test oneself”

e  “Quizzes at the end of video tutorials to see if you understood the information
supplied”

o “Correlation with clinical practice generates interest in neuroanatomy”

Using Likert-scales, the participants were asked to rank a number of teaching methods with
regards to their value in improving knowledge of the motor and sensory spinal pathways.
The students ranked resource A highest compared to the other two resources (P < 0.001,
Friedman’s analysis) for its step-wise design giving users the opportunity to experience an
incremental improvement in their knowledge (Table 3.2, P < 0.01 compared to resources B
and P < 0.001 for resource C, Wilcoxon’s signed-rank tests). Similarly, resource A was
ranked highest compared to other two resources (P <0.01, Friedman’s analysis) with regards
to the summarization of key information points across different neural pathways using tables
(Table 3.2, P < 0.05 compared to resources B and P < 0.01 for resource C, Wilcoxon’s

signed-rank tests).

All three resources provided users with online quizzes and instant feedback, however, upon
detailed analysis no significant difference was found between the three resources (P = 0.094,

Friedman’s analysis).
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The questionnaire inquired about the usefulness of controlling the pace and level of detail in
the web-resources. Resource A was ranked significantly higher compared to the other two
resources in terms of providing students the ability to take charge of the pace of their learning
(Table 3.2, P < 0.01 compared to both resources B and C, Wilcoxon’s signed-rank tests).
When the level of detail was analyzed, results showed that resource C was ranked
significantly lower than the other 2 resources (Table 3.2, P < 0.05 compared to both resources
A and B, Wilcoxon’s signed-rank tests) and that there was no significant difference between

resources A and B (Table 3.2, P = 0.098, Wilcoxon’s signed-rank test).

In the context of horizontal integration of the curriculum, students perceived that the
neuroanatomy information was better linked and integrated with neurophysiology in resource
A when compared to resource C (Table 3.2, P < 0.05, Wilcoxon’s paired-ranked test).
Similarly, the data show a better link between neuroanatomy and neuroradiology in resource
A than in the other 2 resources (Table 3.2, P < 0.01 for resource B and P < 0.05 for resource
C, Wilcoxon’s paired-ranked test). In contrast, resource B was ranked highest for its link
between neuroembryology and neuroanatomy (Table 3.2, P < 0.05 compared to resources A
and C). This is the only category where resource A was not ranked highest. Finally, the data
analysis revealed no significant difference between the three resources in terms of their
integration with relevant regional anatomy of the head, neck, scalp and skull areas (P =0.128,

Friedman’s test).

With regards to the clinical correlation of basic neuroanatomical facts for learning
neuroanatomy, the participants were asked to rate the usefulness of bedside examination

videos and solving neurological case-based scenarios. Friedman’s analysis showed
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significant differences between the three resources for both categories (P < 0.001).
Wilcoxon’s paired-rank testing showed that participants ranked resource A significantly
higher compared to the other two resources (Table 3.2, P < 0.01 for both resources for both
categories, Wilcoxon’s paired-ranked tests). Cronbach’s alpha analysis revealed strong
category reliability between answers pertaining to questions related to the ‘teaching
methodologies category’, for the three resources (a = 0.78 for resource A, o = 0.84 for

resource B and a = 0.89 for resource C).

Learning Tools

Students show an appreciation for a diversity of learning tools suggesting a multi-modal
approach to learning the anatomy of the spinal pathways. The significance of visualizing
neuroanatomical relationships in 3D and the contribution of multiple learning tools was

identified in thematic analysis.

“Video lectures and video tutorials are good learning media”

“3D models in video format with explanation in video”

e “Images in cross-sections with coloring of individual sections is most helpful for me
to learn the pathways” and “Selecting different areas on diagrams as selectable
structures helps me learn a lot”

e “Imaging, MRI/ CT scans are good”

o I really liked the UBC neuroanatomy videos that used real, pre-prepared

prosections to show the various components of a system, e.g. limbic system”

126



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Chapter 3

o “Seeing images of cadaver neuroanatomy is best to help me visualize anatomical
structures”

o “Seeking varying images from different angles and separating structures out is good
for learning complex neuroanatomy structures”

e “Diagrams combined with interactive 3D models. 3D models are best for good

understanding”

The participants were asked to rank the usefulness of a list of teaching tools with regards to
improving their knowledge of the sensorimotor spinal pathways (Table 3.2). In this learning
context, the participants reported that various tools, such as, cross-sectional images,
animations and videos, CT and MRI images, and 3D computer models are best employed by
resource A (Table 3.2, P < 0.001 compared to resource B and P < 0.01 compared to resource
C for all four tools, Wilcoxon’s signed-ranks analysis) while there were no differences
between resources B and C. Cronbach’s alpha analysis revealed a strong inter-reliability for
students’ responses for the three resources (o = 0.64 for resource A, o = 0.74 for resource B

and o = 0.78 for resource C).

The participants also rated the usefulness of various factors to help visualize the inter-
relationship between various neuroanatomical structures in the three-dimensional space.
Resource A was found to be significantly better than the other resources in using images of
brain prosections, CT / MRI, 2D / 3D illustrations, 3D brain models, animations and video
lectures, and images of sections at various levels of the brain and spinal cord (Table 3.2, P <

0.05, Wilcoxon’s paired-ranked tests). In the last category, images of plastic models, even
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though resource A was not ranked better than resource B (P = 0.084, Wilcoxon’s paired-
ranked test), it was still ranked significantly higher than the resource C (P < 0.05, Wilcoxon’s
paired-ranked test), once again reflecting the overall preference for resource A. Cronbach’s
alpha analysis revealed strong internal consistency between answers related to questions of
various factors to help visualize the inter-relationships between various neuroanatomical

structures (a = 0.79 for resource A, o = 0.84 for resource B and a. = 0.96 for resource C).

In addition to the three themes identified above, the thematic analysis generated a number of
items that did not fit into the themes explored but that are worth mentioning. These include
authenticity / popularity of the resources, the delivery of information deemed irrelevant and
a confusion about what is neuroanatomy.
o “It does not matter to me where the resource comes from/what university name is
behind it”
o “The popularity of the website or the author matters the least”
e “Over explanation and too much information in one topic. Every single piece of data
does not matter”
e  “Extra unnecessary information aside from the basic”
o “Idon’t like to read information that does not relate to the course work for exam”
e “Explanation of the function and properties of the pathways —where do | draw a line

between neuroanatomy and neurophysiology?”’
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Discussion

Previous studies have suggested ways to address neurophobia in the broader context of
clinical neurology practice. For instance, Fantaneanu et al. (2014) suggested that addressing
modifiable risk factors that act as barriers while learning neuroanatomy, including the
complex neuroanatomical terminologies and concepts, the lack of demonstrations during
clinical years and the limited teaching of clinical correlates of neuroanatomy during the basic
science years could help alleviate neurophobia. In addition, various evidence-based
recommendations and educational interventions to mitigate neurophobia have been
suggested by Abushouk and Duc (2016) and Tarolli and Jozefowiz (2018), such as the
implementation of team-based and problem-based learning, improved teaching of clinical
neurological examination via optimized usage of online resources and 3D simulators,
increased outpatient clinical placements and recruitment of standardized patients during
neurological exam training sessions. Some other proposed strategies included sustained
reinforcement of basic sciences during clinical years, and the introduction of novel
educational interventions into neurology teaching. However, the ways to mitigate neuro (-
anatomy-) phobia, have not been discussed. A recent review of the impact of neuroanatomy
teaching tools on learning has highlighted the need to consider new technologically advanced
tools for neuroanatomy learning (Arantes et al., 2018). The results from this study, to our
knowledge, have provided for the first time a students’ (medical and neuroscience)
perspective about existing neuroanatomy web-resources and have suggested ways to improve
the online learning design to help address the three major problems underlying the prevailing

neuro (-anatomy-) phobia, namely, the innate complexity of neuroanatomy, lack of
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understanding of its clinical relevance and difficulty visualizing the inter-relationships of

neuroanatomical structures (Javaid et al., 2018).

A methodical approach was adopted for the selection of neuroanatomy web-resources for
evaluation by educators and students. An initial broad scale assessment of existing resources
identified 22 tools from which 10 were selected for review by an anatomy educators’ panel.
From this panel, the top 3 resources were selected for student evaluation. While students’
opinion is of paramount importance, the significance of the expert-opinion cannot be
undermined either. For instance, students did not consider the authenticity of the information
to be important, whereas some of the educators and the author MJ found that references /
bibliographies had not been employed in some instances, with one of the resources offering
a hyperlink for selling its neuroanatomy textbook, raising questions about authenticity and

potential information biases.

Overall, the students' results show that resource A has been ranked and valued the best by
the students and the majority stated that it enhanced their interest in learning neuroanatomy.
The educators also rated resource A highest in 4 out of 6 categories when evaluating a list of
10 resources. Although resource A was ranked 2" highest by MJ, immediately behind
resource B, the difference between their overall scores was relatively small. Overall, the three
top-ranked resources were similar in both MJ's and educators' evaluation, adding validity to

the web-resources' evaluation and selection process for student evaluation.

Innate Complexity of Neuroanatomy
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Integration of new information into existing knowledge is dependent upon the neuronal
computations, which can be actively processed by the working memory. Although the
intrinsic cognitive load imparted by the inherent difficulty of the topic remains unalterable,
the extraneous sources of cognitive load associated with the manner in which the information
is presented can be influenced by the instructional design, thereby directing mental effort
towards mental scheme construction (Young et al., 2014). In this context, the results suggest
that students prefer easy, simple explanation of facts avoiding unnecessary detail, as reflected
in the thematic analysis. Resource A was rated highest for clarity of explanation. The learning
modules incorporated in this resource, provide simple explanations for neuroanatomical facts
that are brief, compact and to-the-point, while resources B and C provide lengthy, text-based
explanations. The anatomy educators’ results have further supported this evidence as content
presentation and interface features were overall rated best in resource A. These included the
content layout, user-friendliness of the interface, aesthetic appeal of the resource, language
used, accessibility to the resource. Thus, highlighting the importance of aesthetics and

content-formatting in decreasing extrinsic cognitive load (Parrish, 2009).

The thematic analysis revealed that students favor an instructional design in which the
information is conveyed in a step-by-step manner facilitating a gradual and incremental
increase in their knowledge. This allows the learner to consolidate a mental scheme before
adding further information. In this manner, the overall mental load remains within the
confines of the working memory capacity of the learner at every learning stage. Resource A
had incorporated multiple slides into its neuroanatomy learning modules. Each new slide
offering incremental information, which was serially linked with the preceding one, thus

giving students the opportunity to assimilate the learnt-content in a gradual, systematic
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manner whereas the latter two resources had the entire content condensed into one text

document, making learning less accessible.

Although, all three resources put emphasis on the key elements of the spinal pathways at the
start, students ranked resource A the highest. Each learning module in resource A was
designed around a specific neuronal pathway, with each slide highlighting the location and
description of that pathway within the respective cross-section of the CNS illustrated. This
may have systematically rendered a greater emphasis on the value of learning the key
principles. The educators’ results have provided support to the students' opinion, as all 5
educators considered that both resources A and B had provided useful learning outcomes for
learning the neuroanatomy of the spinal pathways (data not shown). We propose that the key
principles should be highlighted at the beginning (within the learning outcomes) to be used
as a guideline during the entire learning process. For instance, in the case of the spinal
neuronal pathways, such a grid of key principles could serve as a screening guideline for the

reader to ensure that he / she has not skipped important details at each learning level.

The ability to control the pace of one’s own learning and to choose the level of detail in an
instructional resource enables the learner to custom-titrate the intrinsic cognitive load to his
working memory capacity. The results show that students felt that resource A offered the
maximum flexibility in controlling the pace of instruction while educators reported that
resources A and C offered appropriate learner-control features. Students also thought that
both resources A and B were equally more effective in providing varying levels of detail to
the learners. In this ‘adaptability-context’, the educators partly shared students' opinion, by

acknowledging the fact that resource B provided custom / individualized test and quizzes to
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the learners. The authors’ analysis highlighted that online quizzes were offered by all 3
resources, however, strictly speaking none offered an individualized learning database,
instructions and feedback which were specific or adaptable to each learner. The discrepancy
between students’, educators' and authors’ opinion in this regard probably reflects differences

in the interpretation of the questionnaires.

In recent years, medical schools are increasingly incorporating integrated and contextual
learning models into their curriculum design (Gulpinar et al., 2015), while remaining aligned
with core syllabus (Moxham et al., 2015). With regards to the neuroanatomy of the spinal
pathways, results show that the students rated resource A highest in terms of integrating the
basic neuroanatomical facts with relevant neurophysiology (horizontal integration) and
neuroradiology (vertical integration), allowing users to draw upon and integrate information
from cognate disciplines to consolidate their mental scheme. Previous findings by our
research group also showed that medical and other health care disciplines students reported
that case-based teaching increased their interest in neuroanatomy (Javaid et al., 2018). As
horizontally and vertically integrated curricula are implemented in health sciences education

programs, supporting resources reflecting this process will provide added benefit to the users.

Repetition was one of the themes identified from the qualitative analysis. The summary
sheets or tables and the online quizzes offer a chance to revise the same material but in a
different yet similarly applicable context, thus offering the learner added familiarity with the
material and reducing the perceived complexity of the topic. Students reported that resource

A best employed the summary sheets to help them learn neuroanatomy.
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Resource A best employed various learning tools, such as, cross-sectional images, CT and
MRI, animations and videos and 3D digital computer models to help students learn
neuroanatomy of spinal pathways. The effective usage of animations and neuroradiological
images of MRI and CT to help learning neuroanatomy was also acknowledged by the
educators’. These tools may play a dual role in providing a multimodal format to access
information and providing a diverse source of information therefore maintaining the learner’s
interest, making resource A more effective in helping students learn neuroanatomy. In the
context of instructional design, this diversification of information must be used with caution

to avoid increasing cognitive load beyond the benefits achieved by its introduction.

Enhancing Learning with Clinical Contextualization of Basic Neuroanatomy

Previous results from our group have shown that clinical year students prefer a clinically
oriented mode of neuroanatomy learning over dissection-based teaching (Javaid et al., 2018).
The use of clinically relevant or case-based neuroanatomical information in online web-
resources has been shown to significantly improve assessment scores (Svirko and Mellanby,
2017), promote active student engagement (Javaid et al., 2018) and reduce difficulties
associated with neuroanatomy learning (Hudson, 2006). A positive correlation observed
between the provision of clinical neurology clerkships for students during medical training
and the number of students opting for neurology residency programs (Albert et al., 2015),
together with the positive perception of general practice residents towards an intensive
clinical neuroanatomy course (Arantes et al., 2017), suggest that students and general
practitioners value clinical neurological exposure during training and could enhance their

interest in neurology.
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The results from the current study show that the fact, that the incorporation of neurological
problem-solving, such as localization of lesions for sensorimotor deficits, contributed to the
overall higher score of resource A. Quiz questions in resource A inquired about the clinical
localization of neurological lesions, and thus required the learners to exercise a higher-level
understanding and application of neuroanatomical facts, providing consolidating usage of
acquired knowledge. The anatomy educators’ evaluation provided supportive evidence by
showing that all 5 educators believed that neuroradiological videos and images and videos of
neurological examination had been effectively employed by resource A to explain clinical
relevance of the spinal pathways’ anatomy. The usefulness of clinical case-based learning in
e-resources can be further enhanced through offering increased student-interaction
opportunities using online social platforms and learning management systems. Such team-
based learning instructional design strategy has been shown to enhance students’
performance in summative assessments for complicated subjects, such as, neuroanatomy

(Anwar et al., 2015).

The current study provides a wider students’ perspective from medical as well as
neuroscience students. The themes identified from the participants’ opinion have shown that
clinical correlation of basic science facts was appreciated by undergraduate medical students
but that the neuroscience students did not report increased usefulness over other methods.
This dichotomy in opinion could be attributed to the clinical / non-clinical orientation of the

two education programs.

Visualization of Complex Inter-Relationships of Neuroanatomical Structures

135



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Chapter 3

Previous results from our group have shown that the students have difficulties visualizing the
three-dimensional orientation and inter-relationships of sensory and motor white matter tracts
(Javaid et al., 2018). The thematic analysis from the current study has shown that students
supported a wide array of digital pedagogical tools to learn the complex inter-relationships
and gain better spatial orientation of neuroanatomical structures. The results suggest that
better incorporation of various digital tools, such as, videos and animations, diagrams,
illustrations, cross-sectional and neuroradiological images and pictures of prosections — all
contributed to the overall highest score of resource A. Future instructional designs should

employ these to better visualize and emphasize 3D neuroanatomical relationships.

Ranked-order lists of anatomy and neuroanatomy resources have been made in the past,
however, these were not specific to neuroanatomy (Kim et al., 2003) and were not
comprehensive (Sharrow, 2015). The present study formulates a comprehensive list of
neuroanatomy web-resources, based on a criterion rooted in the principles of cognitive and
adult learning theories and web-user interface features, bridging a gap in the literature and
providing a referential framework for ranking and selecting online content for incorporation

into neuroanatomy curriculum.

Limitations of the Study

There are limitations of the study which could be addressed in the future. Firstly, further
validation of students’ perception needs to be acquired by conducting the survey in other
institutions to cater for a potential institutional-bias and smaller sample size. Secondly, larger
sample sizes in the future will help to decipher differences in opinion between student groups.

Thirdly, participants’ spatial ability should be gauged to cater for its potential confounding
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effect in students’ opinion on three-dimensional visualization of neuroanatomical pathways.
Finally, the current list of neuroanatomy web-resources needs to be revised on a continuous

bass to cater for the updates offered by the e-learning resources.

137



10

11

12

13

14

15

16

17

18

Chapter 3

Conclusion

In conclusion, this study has identified specific web-resource features that are freely available
and highly rated by anatomy educators and students. Various themes and features have been
identified which have further informed the conceptual framework. These could be
incorporated into the instructional design of future online learning tools in the context of
learning neuroanatomy of the spinal pathways. For instance, presenting the intricate concepts
in a clear, simple fashion, while avoiding lengthy explanations, could avoid information
overload. This could further be achieved by presenting information in bite-sized by following
a step-wise teaching design, allowing students to have control over the pace of instruction
and enhancing 3D visualization of complex neuroanatomical spatial relationships. Active
student engagement should be encouraged through quizzes, interactive exercises and social
interaction with peers on online platforms. A horizontally and vertically integrated
curriculum with clinical correlates could offer better contextualization of information to
motivate the students. moreover, a multimodal pedagogical approach may help to address
varying learning styles. This may increase student interest in learning the topic, which could
contribute to reduce their perceived complexity of neuroanatomy and enhance performance

in examinations.
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Abstract

Neuroanatomy has always been considered the most challenging component of anatomy
curriculum. The lack of understanding of basic neuroanatomical concepts during the early
medical undergraduate training has rendered medical students and young doctors extremely
ill-equipped to clinically apply these concepts during their hospital rotations for managing
neurology patients. The situation becomes even more challenging amid the ongoing motion
to reduce the on-campus teaching hours for lectures and lab-rotations, thus further limiting

the efficacy of these traditional pedagogical modalities.

In the above-mentioned context, the online learning resources could act as very useful
supplementary teaching aid. This study describes the development of a novel, interactive,
neuroanatomy learning e-resource developed at University College Cork (UCC). Its
instructional design has been informed not only by the theories of cognitive load, adult
learning and Mayer’s theory of multimedia learning but also by students’ and educators’
opinions regarding the instructional design of online neuroanatomy resources, acquired in
our earlier work. The neuroanatomy e-tool was created using Microsoft PowerPoint™ 2017.
The corticospinal motor pathway and the dorsal column medial lemniscal sensory tract were

selected as sample-topics to design the online tool.
The tool provided information on spinal pathways through a dynamic, interactive, step-by-

step incremental learning approach coupled with a discussion of the clinical interpretation of

basic neuroanatomical facts to aid in neurological localization, with the aim of enhancing
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students’ knowledge of neuroanatomy and reducing their fear of managing neurology

patients in the future.

Keywords: Neuroanatomy, anatomy, medical education, computer assisted learning,

neurophobia.
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Introduction

The anatomical sciences have been traditionally taught through conventional lectures
coupled with exploration of anatomical spatial relationships through cadaver dissection or
visualization of human prosections. The task of grappling with a gigantic lexicon of
anatomical terminologies and concepts and registering an innumerable number of spatial
relationships to memory is daunting in itself. The job becomes even more arduous when it
comes to learning neuroanatomy, as it is difficult to appreciate the complex relationship
between overlapping neuroanatomical structures within the tight confines of the cranial
cavity. Many of the structures are impossible to visualize with the naked eye, including the
nuclei and the neuronal tracts. Consequently, students and doctors find it difficult to study
neuroanatomy (Martin et al., 2014, McCarron et al., 2014), with spinal pathways being the

most difficult topic to learn (Javaid et al., 2018).

In the context of availability of a wide array of neuroanatomy e-learning resources and the
natural propensity of the millennial students to use the online tools, e-learning resources can
serve as valuable supplementary teaching aids to help students learn the otherwise abstract
concepts of neuroanatomy (Hamza-Lup et al., 2009). However, despite the abundance of
online resources, the neuroanatomy-phobia persists and students and doctors lack confidence
in learning neuroanatomy and applying the basic neuroanatomical concepts to clinical
neurological situations (Flanagan et al., 2007; Youssef, 2009; Sanya et al., 2010; Zinchuk et
al., 2010; Matthias et al., 2013; McCarron et al., 2014; Pakpoor et al., 2014; Javaid et al.,
2018). This calls for a review of the instructional design of existing online neuroanatomy

resources.
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Javaid and colleagues acquired a users’ perspective regarding what the students considered
useful in an online neuroanatomy learning resource (Javaid et al., 2019). In the context of the
users’ opinion and the recommendations set forth by the theories of cognitive load (Paas et
al., 2003; Paas et al., 2004), adult learning (Cercone, 2008) and Mayer’s theory of multimedia
learning (Mayer, 2003), we describe the development of an interactive neuroanatomy e-
resource for learning the spinal pathways. The tool was developed in the Department of

Anatomy and Neuroscience at University College Cork (UCC), Ireland.

The motor and sensory spinal pathways were selected as the topics of choice to model the
online learning tool. The topic selection was based on the results of our previous study which
identified the spinal pathways as the most difficult component of the neuroanatomy

curriculum by undergraduate medical and health-sciences’ students (Javaid et al., 2018).

To date, an interactive resource which offers an active or hands-on opportunity to students to
learn neuroanatomy of the spinal pathways in detail is missing. Spinal neuroanatomy
modules by the University of Utah offer a very simplistic visual enumeration of the neurons
along the course of spinal pathways with quizzes and immediate feedback

(http://bit.ly/UniOfUtah). The detail offered by the neuroanatomy modules developed by the

University of British Columbia (Krebs, 2016 - http://bit.ly/UBC-Neuro) falls short of what

is required at the medical undergraduate level (Moxham et al., 2015). Moreover, the clinical
interpretation of the basic neuroanatomical facts to aid in neurological localization has not
been discussed. The novel interactive UCC e-resource for learning the spinal pathways has

been designed to overcome the limitations of the existing resources.
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Materials and Methods

A novel, self-learning neuroanatomy tool was created using Microsoft PowerPoint™ 2017
(Microsoft Corp., Redmond, WA). The corticospinal motor tract (CST) and the dorsal

column medial lemniscal sensory pathway were selected as topics to design the online tool.

Screen Layout

The layout of the PowerPoint™ screen was divided into two sections; a Study Pad section
(left half of the screen) and an Interactive Sketch Pad section (right half of the screen).
Initially, the information regarding the topic is provided to the learner in the Study Pad while
the Interactive Sketch Pad offers an opportunity to revise the same information by prompting
the user to actively trace the course of the neuronal tracts. Both regions of the screen are

simultaneously visible to the learner, at all times.
Insertion of Action Buttons

Various action buttons were inserted to systematically interlink the slides as part of the tool

design (Figure 4.1).
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Figure 4.1: Steps undertaken to insert an action button. The Insert tab was selected (1), followed by
clicking the. Shapes icon (2). A shape (e.g. rectangle) was picked (3) and inserted into the desired
location in the PowerPoint™ screen. It was subsequently formatted for its shape, color, margins
(beveled) and labels to impart a button-like appearance to it (using the ‘Format tab’ and ‘Shape
effects’ options).

Each action button is programmed to carry out a specific function allowing users to navigate

between the screens (or slides) in an interactive and structured fashion (Figure 4.2).
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() Run program:
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Figure 4.2: Step undertaken to program action settings for a button. The Insert tab was selected (1),
followed by choosing the. Action button (2). The action settings were employed to program each
action-button to carry out a specific function when clicked (3) or when the mouse is hovered over it
(4). Hyperlinks were inserted into the button to program it to navigate to the appropriate location in
the module when clicked. Appropriate sounds were also added to the action buttons.

The modules for the corticospinal and dorsal column pathways, each begin with a tutorial
window, describing various sections of the screen layout and explaining the functions of the

navigation buttons (Figure 4.3).
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You can click over the menu
button to select between
locations of the tract at
various levels inside the
brain and spinal cord (it is
highly recommended that
you proceed in the
sequence provided). A
summary slide is available
in the end, following which
you can review the
information using
prosection-based images

Study pad

This refers to the left
half of the screen
Information
regarding the
neuronal tracts,
interactive
images/animations,
multiple choice
questions and
relevant instructions
(for managing the
interactive sketch

DEPARTMENT OF
ANATOMY &
NEUROSCIENCE
NIVER UEGE CORK

Interactive sketch pad

This refers to the right half of the screen.
You will use the right half of the screen to
upload various sections of the brain and
spinal cord and actively draw the tract
between cerebral cortex and the spinal
cord, in an interactive, step-by-step
fashion

(from the FLAME lab) and pad) will be provided
apply it in a clinical context in the left half of the
for localizing the lesion. screen.

Click this button to listen
to the video explanation.

Video Back Next

Click this buttonjto go to the previous step.
Click this button to go to the next step.

Tutorial — click to see, Re-click to hide

Figure 4.3: Tutorial window. A tutorial window emerges upon clicking the tutorial button available
in the beginning of the interactive learning module (right lower corner). It explains functions of action
buttons employed for navigation and the learning activity which can be exercised in the Study pad
and the Interactive sketch pad regions of the PowerPoint™ screen.

A Menu button provides a drop-down list of the various learning stations of the CNS (Figure
4.4). Each learning station in the e-resource corresponds to a specific axial section of the
brain or the spinal cord along the course of a spinal tract. The user learns the course of the
entire neuronal pathway by actively studying its anatomy at each of these learning stations.
The user has the freedom to jump between various stations to revisit the material using the
menu-list, however, within each learning station, the screens are sequenced and interlinked
in a way which makes it mandatory for the user to scroll through them in a structured pattern;
originally configured by the author. Hence, imparting a combination of user control as well

as some degree of structure to the instructional design of the learning module.
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m Study pad Interactive sketch pad

Clinical presentation s

Leamning outcomes 1 history of smoking presented to
General principles s of his right hand. He had
precise, skilled movements with

n-writing, typing, screwing a nut.

‘ness in his right leg as well.

Cerebral cortex

Corona radiata

Internal capsule
Mid-brain

Upper medulla
Lower medulla
Spinal cord
Summary
Prosections
Clinical reasoning
Clinical questions

Figure 4.4: Action-buttons and the menu-list. Clicking over the ‘Back’ button enables the user to
jump to the previous relevant interlinked screen. While clicking over the ‘“Next’ button enables user
to jump forward to the next relevant interlinked screen. Clicking over the ‘Menu’ button reveals a
drop-down list of learning stations, representing various axial sections of the brain and spinal cord
along the course of the spinal tract.

Sequence of Presentation of Screens

The sequence of presentation of screens within each learning level follows a specific and
consistent pattern to render the user-interface and instructional design intuitive to use for the
learner. In the case of the corticospinal motor tract, the first learning-station (the cerebral

cortex) commences with a text-based description about the origin and location of the tract.

(Figure 4.5).
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Interactive sketch pad

Corticospinal tract arises from cerebral cortex from
three areas:

2- Pre-motor cortex

See image -

Figure 4.5: Text-based description of the cortical origin of the CST. Each learning station (in the
drop-down menu list) commences with a PowerPoint™ screen containing a text-based description
of the three areas of origin of the CST on the cerebral hemisphere. Clicking over the image button
directs the user to the subsequent screen, containing an interactive image of the cerebral cortex.

The image button within the text, directs the user to a subsequent screen, containing an
interactive image of the CNS for that level (Figure 4.6). Since, there is no other action button
on the text screen, other than the image button, therefore, the learner does not have any other
option except to click over it to proceed further. Such enforced direction of learning to the

flow of screens adds structure to the instructional design.
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Menu Study pad Interactive sketch pad

buttons to highlight areas of origin of corticospinal
tract. « to hide. Primary motor cortex (precentral gyrus)

Central Post
sulcus *+« J

sulcus

Figure 4.6: An interactive image for the cortical origin of the CST. The three interactive buttons
regarding the origin of the corticospinal tract from the cerebral cortex were color-coded in pink for
the primary motor cortex, in orange for the pre-motor cortex and in blue for the primary sensory
cortex. Clicking over these buttons highlights the relevant areas of origin of the CST on the cerebral
hemisphere image. The labelling interactivity provides immediate feedback to the user. A video
button (in blue) provides a video based description of the content.
Image Creation and Imparting Interactive Features to Images
Line drawings of the structures were prepared using the image manipulation software
GIMP™ (version 2.8.22, www.gimp.org). The GIMP™ image file (of the left lateral view of
the cerebral hemisphere) was inserted into the image-screen of the PowerPoint™
presentation. Interactive features were added to the line drawings within the PowerPoint™
software. For instance, the three distinct regions representing the origins of the corticospinal
tract, were highlighted and color coded on the image, in relation to their respective action-

buttons (Figure 4.6). To achieve this goal, firstly, we selected the ‘Insert’ option from the

menu. The Shapes option was subsequently selected and a rectangular shape was overlaid
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onto the image. The shapes were custom-outlined as per the underlying regions of the cortex,

to mark areas of origins of the CST (Figure 4.7).

1| FormaT |

2 [ Edit Shape -

[&) Change

(W

hape 4

3 ‘ <« Edit Points

Figure 4.7: Steps undertaken for editing the inserted-shape. The followings were selected: 1. Format
option from the menu bar, 2. Edit-Shape option, 3. Edit-points sub-option selected to mold the
boundaries and edges of the previously inserted shape (the rectangle) as per the underlying region of
the cerebral cortex, which marks the origin of the CST. The process was repeated separately the
precentral gyrus, the premotor area and the postcentral gyrus.

Once the shapes were custom-outlined as per the relevant underlying regions of the cortex,
animations were programmed into them and the shapes were interlinked with their respective

action buttons (Figure 4.8).

151



OCoOoO~NOUITRWN -

10

11

12

13

14

Chapter 4

INSERT DESIGN TRANSITIONS 1] ANIMATIONS

SLIDE SHOW REVIEW VIEW DEVELOPER EndNote X7

o2
\ ~ - Trigger -
Appear Fade Fly In Float In Split Wipe Shape Wheel Random Bars Grow & Turn | = Add
Animation -
Animation » Advanced Animation
m Study pad era Animation Pane =
Play From a

TextBox 52: Pr...[>

5 0 de - > oto 0 - Nrece al g Trigger: TextBox 25: Pre-motor cortex
Rectangle: Ro... [P

Trigger: TextBox 51: Primary motor cortex (...
Rectangle: Ro... [P

g Trigger: TextBox 52: Primary sensory corte...
Central Post- 14 Rectangle: Ro... > -

sulcus espty, - ?/ """ central =
Tos Clic
o sulcus (| Start On Click
A Start With Previous

Start After Previous

Appear ? 3 [ Effect Options
Timin: -
\ Effect 9| Text Animation Appear
: ) / ) [star 4
. [ / Effect
) Delay: 0 =] seconds Timing | Text Animation
B - ) Duration: Enhancements
Pre- )/ 7 - IS
Repeat: Sound: [NoSound] v
central =
sulcus \\- - Re hen done playin After animation: |Hide on Next Mouse Click v
;:’_“_\:% Iriggers 2 Animate text: All at once 6 v
3 Animate as part of click sequence 5
+— Ant. | Post. —» }
®) Start effect on click of: | TextBox 52: Primary sensory cor
deo

Figure 4.8: Insertion of animation into action buttons. Animation was programmed into each
highlighted region on the image marking the cortical origin of the CST, imparting them with a
labelling interactivity feature. This interactive animation was triggered by the action buttons (primary
motor cortex in pink, pre-motor cortex in orange and primary sensory cortex in blue). To achieve this
goal the Animations option was selected from the menu banner (1). Clicking over the Animation
Pane (2) and by employing the Effect Options (3) offered a range of techniques to adjust the triggering
(4, 5, 6) of animations (appearance / disappearance of highlighted regions) for each button.

Video Button
A video button underneath the interactive image provides a detailed video-based description
of the information outlined earlier. The steps involved in the creation of the video file have

been described in Figures 4.9 and 4.10:
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Figure 4.9: Steps undertaken for the video screen recording (part 1). Insert option was selected from
the menu banner (1) followed by clicking over the screen recording option (2). This opened a window
box containing several buttons related to video screen recording (Figure 4.10).

' X A Mubhammad Asim Javaid
| Animations Slide v D EndNote X8 Spring Converter Pro 8 Fowt PDF
Record Audio Record

S .= Pointer e T \
2 T - 4 v Q | L. <)
30  SmartArt Chart & My Add-ins - ZOuT COMMIIen e Header WordAnt __  Equation Video Audio

Models ~ v Box & Footer . - .

IHustrations Add-ins Links

Text Symbols Media

Menu Study pad Interactive sketch pad

buttons to highlight areas of origin of corticospinal
tract to hide Primary motor cortex (precentr7 gyrus)

Figure 4.10: Steps undertaken for the video screen recording (part 2). Select Area button was used
to delineate the screen area (the image) to be included in the video recording. A microphone was
plugged into the laptop for voice recording. The video recording commenced by clicking the (round
shaped) red record button. They (square shaped) grey stop button was used to stop the recording.
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Clicking the Next button escorts the user to an image of a coronal section of cerebral cortex
(Figure 4.11, left). The user can visualize and learn the representation of the human body

parts on the primary motor cortical region by using the ‘see homunculus’ button (Figure 4.11,

right).

Menu Study pad Menu Study pad

A cut-section of primary motor cortex (area 4) is visible. A cut-section of primary motor cortex (area 4) is visible.
Only the left side has been shown. Only the left side has been shown.

% 4

¥ s Coronal section  [i¥
3 through left prim

motor cortex -

Right

Figure 4.11: Images of coronal sections of the cerebral cortex. The two screens have been shown
side-by-side. Clicking over the ‘see homunculus’ button (shown on left) directs the user to the next
screen (shown on right) where the motor representation of body parts from head to toe can be
visualized on the superolateral and medial surfaces of the cerebral cortex in the primary motor area.

The subsequent slide discusses the blood supply of the cerebral cortex and the difference in
neurological presentation resulting from an obstruction of the anterior v. the middle cerebral
artery. Clicking individual buttons for the anterior cerebral artery (ACA) and the middle
cerebral artery (MCA) highlights the areas of blood supply for these vessels, while re-
clicking removes the highlighting. Such on/off clicking provides immediate feedback to the

learner (Figure 4.12, Table 4.1).
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You can see that the motor cortex controlling lower limbs
is supplied by the anterior cerebra artery (ACA) while
the superolateral surface of motor cortex controlling the
upper limbs (and head and neck) is supplied by the

Figure 4.12: Cortical blood supply on a coronal section of cerebral cortex. The motor representation
of body parts from head to toe on the superolateral and medial surfaces of the cerebral cortex in the
primary motor area is called motor homunculus. The upper trunk, upper limb and head and neck
regions are represented on the superolateral cortical surface, which is supplied by the middle cerebral
artery MCA (color coded in grey). The lower limbs are represented on the medial cortical surface
and a 1 cm wide cortical strip on the medial boundary of the superolateral surface. This region is
supplied by the anterior cerebral artery ACA (color coded in red). Hence, a stroke involving each of
the two arteries will lead to motor impairments in distinct parts of the body (upper limbs inan MCA
stroke while lower limbs in an ACA stroke).
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Table 4.1: Link between CF-ONLine, Students’ perception and e-Tool design features

Elements of CF-ONLine and Students’
perception (Aim 2)

Features of the online neuroanatomy
learning web-resource

-Pre-training principle

-Tutorial window,
-Key principles explained in the beginning

Reducing extraneous processing

-Intuitive interface,
-Students imparting high importance to the ease
of accessibility and usage of content layout

-Action buttons (consistent location, intuitive
button-like appearance),

-Images (color-coded labels, important
words / instructions highlighted)

-Spatial contiguity principle

-Two screens being simultaneously visible
(Study pad and interactive sketch pad)

-Learning cycles

-Consistent sequence of presentation of
screens within learning stations

-Menu button with a drop-down list of structures

-Site-map provided made navigation easier

Promoting active / deep learning

-Interactive learning, feedback, reflection,
-Students’ preference for quizzes and feedback
for self-testing

-Interactive on / off labelling

-Interactive sketch pad (actively tracing the
neuronal pathway)

-Quizzes with feedback explanation

Managing essential processing for innately com

plex neuroanatomy

-Guided self-learning, catering for individual
learning differences, motivation for the learner,
SDT (imparting autonomy)

-User control through Menu/site-map,
navigation buttons), but also having a
structure to the structure

-Needs assessment for motivation, enhancing
interest,

-Students’ preference for concise clear
instruction

-Clear articulation of intended learning
outcomes / objectives

-Segmenting principle, sequential learning,
-Students’ preference for step-by-step learning

-Multiple linked-slides in the module
offering incremental increase in knowledge

-Contextualization, Motivation, SDT (imparting
relevance),

-Students’ perception of interest-enhancement
with clinical correlation

-Module starts with clinical scenario,
-Clinical reasoning offered at end for lesion-
localization along spinal pathways and
course of facial nerve

-Catering for individual learning styles

-Multimodal content presentation (text,
videos, prosections),
-Greater user-control

-Repetition and revision

-Opportunity to learn information via text-
based screen, followed by video description
and interactive quizzes and feedback, which
proceeds further with active tracing of
neuronal pathway and summarization at the
end accompanied with revision opportunities
through prosection-images

-Personalization principle

-Conversational language of the text and
videos (to enhance user-interest and foster
generative processing)

CF-ONLine = Conceptual framework for online neuroanatomy learning, SDT = Self-determination theory,
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Quiz Section

A quiz section follows each learning phase / level (Figure 4.13). Each question commences
with a brief clinical scenario before assessing the user on an important neuroanatomical fact
taught during the same learning phase. The user is required to choose between two or three
options. Selecting the correct answer provides immediate feedback along with a detailed
description. While selecting the incorrect answer prompts the user to ‘Try again’ by being

redirected to the original question.

Study pad Interactive sketch pad

Question 1 of 2

A 60 year old woman cannot move her
to stroke. Which artery is most likely affected?
A Anterior cerebral

B Middle cerebral

Figure 4.13: Quiz regarding cortical blood supply and motor homunculus. A quiz section follows
each learning station. Selecting the correct answer (option B) provides immediate feedback
regarding reasons behind the option B being correct and option C being incorrect. Selecting the
incorrect answer (option A) prompts the user to ‘Try again’.

Interactive Exercise

Each learning station ends with an interactive exercise which requires the learner to actively

trace the pathway of the neuronal tract inside the Interactive Sketch Pad (Figures 4.14, 4.15).
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Now, inside the interactive sketch pad, select the area of
origin of corticospinal tract from the shown
on area 4.

m Study pad Interactive sketch pad

Figure 4.14: Interactive exercise component of cerebral cortex learning station. The learner is
required to upload coronal cross-section of the cortex into the interactive sketch pad. The user is then
asked to click over the area of origin of corticospinal tract within the uploaded image. A correct
selection directs the user to the next learning level, that is, the corona radiata and internal capsule,
while a wrong selection provides immediate negative feedback and prompts the user to try again.
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m Study pad Interactive sketch pad

Correct response!
You can see the corticospinal tract descending from
cortex to posterior limb of internal capsule.

Internal ca

Figure 4.15: Interactive exercise component of the internal capsule learning station. The user is
required to upload a horizontal section of the internal capsule and surrounding deep nuclei, inside the
interactive sketch pad. The learner is then assessed by being asked to select the location of CST on
the horizontal section. A correct selection automatically traces the pathway of the tract by connecting
its preceding location (in the cortex) with its location in the horizontal section the internal capsule
(posterior limb). The user is subsequently directed to the next learning-level, that is, the mid-brain.
On the contrary, a wrong selection regarding location of the tract in the internal capsule provides
immediate negative feedback and prompts the user to try again.

Additional learning levels which follow the cerebral cortex, include corona radiata, internal
capsule, crus cerebrum (of midbrain), ventral pons, medulla oblongata and the spinal cord.
The sequence of PowerPoint™ screens is consistent within each learning level to make
learning intuitive and to reduce the extrinsic cognitive load (Table 4.1). Once all learning
stations have been completed, the learner has actively traced the entire corticospinal tract

inside the interactive sketch pad. It is then followed by a summary of the tract (Figure 4.16).
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Menu

Summary (corticospinal tract)
Descending cortical tracts influence voluntary skilled movements of distal
muscles ( ) and adjust posture in relation to
voluntary movement ( ). Upper motor neurons in
the cortex project down through the posterior limb of internal capsule

, crus of mid-brain (C), ventral part of pons and pyramids of medulla

In the pyramidal decussation at the lower medullary level (), fibers of the
cross the midline and descend on the

contralateral side of the spinal cord to influence lower motor neurons.
Fibers of the remain uncrossed in the

pyramidal decussation, and descend on the ipsilateral side of the spinal
Cord , close to mid-line. These fibers then cross at their respective spinal
segment level before exiting in the peripheral spinal nerve at that level.
These innervate the axial musculature to coordinate postural stability.

Back Next

Figure 4.16: Summary of the corticospinal pathway.

Review of the Corticospinal Tract through Prosection Images

The locations of the CST at various levels of the CNS (from the cortex to the medulla
oblongata) was reviewed by visualizing the location of the tract on illustrative images and
prosection photographs, simultaneously. The images of prosections, had been acquired from
the cadaver specimens in the anatomy laboratory at the institution. An example from the

cerebral cortex has been given below (Figures 4.17).
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Left lateral view of cerebral cortex

Figure 4.17: Left lateral view of cerebral cortex. The areas of origin of the CST has been shown on
the illustration of the left lateral cerebral hemisphere (left) and on the cortical surface of a brain
prosection (right). Clicking over the buttons (for primary motor cortex, primary sensory cortex and
pre-motor cortex) simultaneously highlights these areas on the illustration and the prosection
photograph, providing immediate feedback to the learner with on / off labelling. The buttons and
cortical areas of origin of the CST have been color coded with pink (for primary motor cortex), blue
(for primary sensory cortex) and yellow (for pre-motor cortex).

Clinical Correlates of Spinal Pathway
A clinical interpretation of the neuroanatomy of the entire pathway in the context of
localization of neurological lesion is discussed at the end (Figures 4.18-4.20), followed by

additional multiple-choice-items for practice.
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In this patient:

Since the motor loss in limbs was from the neck-below (including arms as
well as legs) and on the side therefore, the lesion could be either:
On the right side in the lateral spinal cord. If true, this lesion will be
situated to the motor loss (both lesion and maotor loss being on

-

same right side).

On the left side in the upper medulla, pons, mid-brain, posterior limb of

.\.:\\ =,

internal capsule or cerebral cortex. If true, this lesion will be

to the motor loss (lesion and motor loss being on opposite sides).

BY =allCiay
= (s T U

'

il

Figure 4.18: Clinical interpretation of neuroanatomy of CST for localization of lesion. The possible
locations of a lesion were discussed in a patient with right-sided weakness in arms and legs. The CST
decussates in the lower medulla. Therefore, the lesion could be either below the decussation of the
tract in the right lateral spinal cord (highlighted in blue) or it could reside above the decussation of
the tract in left upper medulla, pons, mid-brain, internal capsule or cerebral cortex (highlighted in

grey).
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Menu

In this patient:

The facial muscles receive their motor innervation from the face-area of
the superolateral surface of cortex. The | upper motor facial neurons
descend from cortex and decussate before synapsing with cell bodies of
lower motor neurons (in the facial nucleus) inside the pons.

The motor weakness in right lower part of face could be explained by a
lesion affecting facial motor neuron pathway , either:

IESISWIdeEUSSalion of TACIAlMOIONNBUIGAS! that is, in the right pons.

_ , for example, in the left

mid-brain, internal capsule or motor cortex.

Figure 4.19: Clinical interpretation of neuroanatomy of facial nerve for localization of lesion. The
possible locations of lesion were discussed in a patient with right-sided weakness in her lower face.
The upper motor neurons of facial nerve decussate in the pons before synapsing with the cell bodies
of the lower motor neurons in the pons. Therefore, the lesion could be either below the decussation
of the facial upper motor neurons in the right pons (highlighted in blue) or it could be above the
decussation of the facial upper motor neurons in the left mid-brain, internal capsule or cerebral cortex
(highlighted in grey).
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Menu

Combining the information:
Since, the patient has motor loss on the right side of both the face
and the body (arms and legs), therefore, the lesion has to be above the

_ of both the corticospinal tract as well as the facial motor
pathway. This condition could only be fulfilled by placing the lesion on the
left side, in the mid-brain or above (internal capsule or motor cerebral
cortex).

Counter — arqumentation:
Had the lesion been on the left inside the pons — above

decussation of corticospinal tract but below decussation of facial motor
Pathway — then the motor loss from body would still have been on right
side but the motor loss from face would have been on the left side. In
order for both motor loss from face and from body to be on the same
right side, the lesion has to be above both of their decussations. This is
only achievable by placing it inside mid-brain, internal capsule or cortex

on the left side. —a
: Back Next

Figure 4.20: Clinical interpretation of neuroanatomy of corticospinal tract and facial nerve for
localization of lesion. The possible locations of lesion were discussed in a patient with right-sided
weakness in arms and legs and the right lower face. Since, the patient has motor loss both on the right
side of face and right the body, therefore, the lesion must be above the decussations of both
corticospinal tract as well as facial motor pathway (highlighted in blue). Such a clinical presentation
could be explained if the patient has a neurological lesion on the left-side; in the mid brain or higher
up (internal capsule or motor cerebral cortex).

Dorsal Column Pathway

The second prototype was created for a sensory neuronal tract called the dorsal column
medial lemniscal pathway. The learning stations follow a similar pattern to that in the
corticospinal tract, however, since dorsal column is a sensory neuronal pathway, therefore, it
commences with the spinal cord and ends up at the cerebral cortex. The learning stations

include the Spinal cord, Medulla oblongata, Pons, Mid-brain, Thalamus and the Cerebral

cortex (Figure 4.21).

The sequence of dynamically interlinked screens within each learning station also mirror

those inside the CST described above. These included a text based screen, followed by an
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interactive image screen, a quiz section and an interactive exercise for actively tracing the
sensory neuronal pathway. The former three learning steps are conducted inside the Study
Pad while the latter most step; the interactive exercise, is carried out inside the Interactive

Sketch Pad (Figure 4.21).

m Study pad Interactive sketch pad

Clinical presentation
Learning outcomes
General principles

Spinal cord
Lower medulla
Internal arcuate fiber
Upper medulla

Mid-brain
Thalamus
Cerebral cortex

Prosections
Clinical reasoning

Dorsal root ganglia

Clinical questions

Figure 4.21: Dorsal column pathway traced inside the interactive sketch Pad. A drop-down menu
list on the left side shows the sequence of learning stations. An interactive exercise appears at the end
of each learning station requiring the user to upload an image of the respective cut-section of the
central nervous system and select the correct location of the dorsal column tract within it. The
software then actively traces the pathway from its location in the preceding section to the location in
the recently uploaded one. Since, the exercise is repeated after each learning level, therefore, at the
end of the last learning station (i.e. the cerebral cortex), the entire neuronal pathway has been actively
traced in the interactive sketch pad (from spinal cord to the cerebral cortex). The dorsal column
pathway has been separately color coded in red for the upper body (above T6) and in green for the
lower body (below T6).

The learner is provided with a summary of the dorsal column pathway once all learning

stations/levels have been finished (Figure 4.22).
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Summary (dorsal column-medial leminiscal pathway)
The posterior column-medial leminiscal system carries vibration,
proprioception and discriminative touch sensations. The sensory fibers in
this tract travel uncrossed in the posterior columns of the spinal cord

lateral side (internal arcuate fibers) (€), and ascend through the
brainstem as the medial leminiscus (D). After terminating in the thalamus

synapse in their respective nuclei in the caudal medulla

, information is relayed to the primary sensory cortex (F), where
conscious appreciation of this sensory information occurs.

Dorsal root ganglia

Figure 4.22: Summary of the dorsal column medial leminiscal pathway.

The location of the tract within different regions of the central nervous system could also be
reviewed with the help of images of the prosections of the CNS available in the anatomy lab

at the institution. An example of the cerebral cortex has been shown (Figure 4.23).
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Left lateral view of cerebral cortex

Figure 4.23: Left lateral view of the cerebral cortex. The area-of-destination of dorsal column medial
leminiscal pathway can be reviewed simultaneously on the illustration (left) and on the image of the
cortical surface of a brain-prosection (right). Clicking over the button for viewing the primary sensory
cortex, simultaneously highlights the area on the illustration and the prosection and provides
immediate feedback to the user through on / off labelling.

As done previously with the corticospinal tract, the clinical interpretation of the
neuroanatomy of the dorsal column medial lemniscal pathway was also discussed in the end,
in the context of localization of neurological lesion (Figures not shown), which was followed

by additional multiple-choice quiz items.

The PowerPoint™ presentation (pptx.) file was converted into an interactive slide show

(ppsx.) file. Prior to saving as a PowerPoint™ slide show file (.ppsx), the presentation was

setup for the KIOSIK mode to disable the mouse wheel and keyboard controls (Figure 4.24).
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Figure 4.24: Steps undertaken to set up PowerPoint™ as an interactive KIOSIK presentation. The
Setup Slide Show option was selected (2), from the slide show tab at the top (1). Once the Setup Slide
Show dialogue box appeared, the option of Browsing at a KIOSIK (full screen) was chosen (3).
Changes made to the slide show set up were accepted by clicking the OK button (4). Setting up the
KIOSIK mode disabled the mouse wheel and keyboard controls which rendered the slide show
screens non-responsive. Hence, the user is not able to change slides or to control the flow of
presentation by right-clicking or using any keyboard button, except when clicking the action buttons
provided.
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The e-resource was uploaded to the Google drive™ folder of a dedicated Gmail™ account

(spinalpathways@gamail.com) and could be downloaded using a link provided to users via

email. The evaluation of this e-learning tool will be described in Chapter 5.

168


mailto:spinalpathways@gmail.com

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Chapter 4

Discussion

The purpose of this article is to describe our group’s experience with the development of a
PowerPoint™ based, computer assisted learning resource for spinal pathway neuroanatomy.
The use of PowerPoint™ to develop the module, offers an opportunity to every
neuroanatomy educator to contribute to enhancement of educational content by creating

customized neuroanatomy learning modules. As compared to the previously available

resources (http://bit.ly/UniOfUtah and http://bit.ly/UBC-Neuro), our resource offers a greater
level of interactivity through quizzes and interactive drawings of the spinal pathways.
Moreover, it explains the basic neuroanatomical facts in a clinical context with the aim of
successfully addressing the neurophobia in the future. The module is easily accessible and
downloadable and does not demand any special rendering requirements. We intend to offer
this e-tool as a supplementary resource for undergraduate medical, therapies, neuroscience
and other health sciences students. The use of computer assisted learning resources as an
adjunct to conventional teaching modalities, has already been favored by a wide cohort of
medical and health science students (Javaid et al., 2018). The e-tool described in this article
provides information on the spinal pathways through a dynamic, interactive, step-by-step
incremental learning approach coupled with a discussion of the clinical interpretation of basic

neuroanatomical fact to aid in neurological localization.

Previously identified neuroanatomy learning e-resources are overall limited in their
description of spinal pathways. Online resource by the University of Utah

(http://bit.ly/UniOfUtah) offers a brief visual enumeration of the spinal pathway

neuroanatomy coupled with quizzes. The neuroanatomy resource by the University of British
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Columbia (Krebs, 2016 - http://bit.ly/UBC-Neuro) contains comprehensive neuroanatomy

modules, including those on spinal pathways. However, the detail offered falls short of what
is required at the medical undergraduate level (Moxham et al., 2015). The students are not
able to appreciate the spatial neuroanatomical relationships of the spinal pathways at various
levels of the brain and the spinal cord. Moreover, the clinical interpretation of basic

neuroanatomical facts to aid in neurological localization has not been discussed.

The effectiveness of any instructional tool is dependent on how well its design reflects human
cognitive architecture (Mayer, 2003). In an intelligently designed online instructional
resource the extraneous source of cognitive load, associated with the way information is
presented, should be kept to a minimal. Doing so, the learner is provided with an opportunity
to maximally divert his mental efforts towards the scheme construction associated with

learning (Young et al., 2014).

Following are a few highlights of the instructional design of our e-learning tool:

Results from our previous work show that undergraduate medical and neuroscience students
considered the step by step approach to explain the pathways, very useful (Javaid et al, 2019;
Table 4.1). The cognitive load reduction section of the CF-ONL.ine also favors the application
of segmenting principle in designing the pedagogical construct of an e-learning resource by
presenting information in a step by step, sequential and incremental fashion, to reduce the
load on the working memory capacity for schema construction (Table 1.2, Chapter 1). In this
context, our online resource comprises of multiple slides, with each slide offering some new
incremental information which is serially linked with the preceding one. This allows the

learner to consolidate the schema before the next piece of information is added onto it. The
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approach is in accordance with the best learning practices proposed by the Mayer’s
Multimedia Theory of Learning (Mayer, 2003) and the Cognitive Load Theory (Paas et al.,
2003). The latter argues that the extent to which relevant elements of an information interact
is a critical determinant of the intrinsic cognitive load. The information varies on a continuum
from low to high in element interactivity. The elements of high element interactivity cannot
be understood until all of the elements and their interactions are processed simultaneously in
the working memory (Paas et al., 2003). A step-by-step approach of incremental increase in
knowledge makes the learning task simpler by not allowing the number of novel interactive
elements to encroach beyond the confines of the working memory capacity of the learner at
every learning stage. In support of this argument, the Mayer’s Multimedia Theory of
Learning offers a similar Segmenting principle as a potential solution to prevent cognitive
overloading of the working memory with the processing demands (Table 4.1). The principle
states that the presentation should be broken down into bite-size segments so that the learner
has time to perform the additional processing associated with the organization and integration
of selected pieces of information before the next segment of information is presented (Mayer
and Moreno, 2002). On the contrary, many of the existing neuroanatomy resources have
limited the efficacy of their instructional design by providing the entire informational jargon

regarding each neuroanatomical topic, all at one go (http://bit.ly/UniOfUtah; Krebs, 2016 -

http://bit.ly/UBC-Neuro). Additional measures for reducing extraneous processing include a
menu button with a drop-down list of structures, which provides a site-map for making
navigation easier for the user (Table 4.1), while consistency in the sequence of presentation
of screens within each learning station make the user interface intuitive and easy to use.

Moreover, the incorporation of a tutorial window and early explanation of key principles
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before the commencement of the module, helps to equip the learner with the baseline

information and makes the future learning manageable (CF-ONL.ine; pre-training principle).

The PowerPoint™ screen has been divided into two sections, namely the Study Pad and the
Interactive Sketch Pad. As the user acquires new information on spinal pathways in the Study
Pad, he can simultaneously view the neuronal pathway being traced inside the Interactive
Sketch Pad. Such an approach is in accordance with the contiguity principle of Mayer’s
Multimedia Theory of Learning and has been postulated as part of the CF-ONLine as well
(Table 1.2, Chapter 1). The principle states that it is better to present corresponding words
and pictures simultaneously rather than separately when giving a multimedia explanation
(Mayer and Moreno, 2002; Table 4.1). Moreover, the interactive sketch pad provides a higher
level of interactivity where students can learn the neuroanatomy by actively tracing the entire

neuronal pathway in a step-by-step fashion (Table 4.1).

The results from our previous work show that undergraduate medical students imparted high
importance to the accessibility and the ease of use of the layout of the instructional content
(Javaid et al., 2019; Table 4.1). This is important as the way information is presented to the
learner also helps to minimize the extraneous cognitive load. For instance, any instructional
procedure that requires learners to engage in either a search for navigation buttons or to invest
a lot of mental effort in comprehending the user-interface of the software, is likely to impose
a heavy extraneous cognitive load because working memory resources must be used for
activities that are irrelevant to schema acquisition and automation (Paas et al., 2003). Hence,
to make learning as intuitive as possible, we have kept the instructional design as consistent

as possible. For instance, the sequence of screens in the novel UCC tool has been kept the
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same within each learning-station, such that, each learning-station starts with a text-based
screen, which is then followed by an interactive image, a quiz-section and then an interactive
exercise. Moreover, the action-buttons are situated at similar locations inside all the slides
making navigation as intuitive as possible. The images / illustrations have been color-coded
for their labels and important words / instructions in the text have been highlighted to provide
important cues to the learners for emphasizing high-yield facts. The cognitive component of
the CF-ONL.ine, once again highlights the need to reduce extraneous processing (Table 1.2,

Chapter 1).

The current resource offers flexibility to the learner to control their pace of instruction which
helps to custom-titrate the intrinsic load to the working memory capacity of individual
learner. ‘Repetition’ was identified as an important part of learning by the undergraduate
students (Javaid et al., 2019). In the current resource, the user can jump back and forth
between various learning stations using the menu-option to revise any previous information
(Table 4.1). Moreover, the immediate feedback offered through the on/off option of revealing
/ hiding the tracts’ location inside the illustrated images, and the quizzes incorporated into
the module, provide an opportunity to revise the previously learnt content in an interactive
fashion (Table 4.1). The results from our previous study also reveal that undergraduate
medical and health science students believe that the online quizzes with feedback provide the
ability to test oneself. They especially liked the quizzes at the end of the video tutorials to
assess if they understood the information supplied (Javaid et al., 2019). In context of the
students’ favorable opinion regarding an interactive form of learning, an interactive sketch

pad was incorporated into the e-tool design to provide a higher level of interactivity where
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students can learn the neuroanatomy by actively tracing the entire neuronal pathway in a

step-by-step fashion (Table 4.1).

Lack of understanding of the clinical relevance of basic neuroanatomy has been identified as
a major reason underlying the prevailing neurophobia (Javaid et al., 2018). In this context,
the notion of contextualized learning suggests that learning is most effective when it is
situated in the context in which it will be used (CF-ONL.ine, Javaid et al., 2019). The learning
content should be framed around realistic situations in which it will be practically used in the
future. Our resource commences by presenting a clinical scenario and in addition, discusses
the clinical interpretation of the basic neuroanatomical facts at the end, in detail. This will
motivate and enhance user-interest in learning the topic (Table 4.1). On the contrary, the
clinical contextualization and interpretation of basic neuroanatomical facts has currently not
been conducted by  existing  top-ranked neuroanatomy  web-resources

(http://bit.ly/UniOfUtah; Krebs, 2016 - http://bit.ly/UBC-Neuro).

In our resource, the user has been given a unique opportunity to trace the neuronal pathway
inside the Interactive Sketch Pad by selecting the correct locations of the tract within the
cross-sectional images of the brain and the spinal cord and interconnecting those loci to trace
the spinal pathway. Doing so, provides a novel opportunity to the learner to revise the
information acquired earlier in the Study Pad section. Moreover, the interactive nature of the
interactive sketch pad while actively tracing the neuronal pathway, also enhances user-
interest by promoting active learning (Table 4.1). This goes in accordance with the proposed
connection between constructivism and adult learning theory in online learning environments

(Huang, 2002). On the contrary, the level of interactivity of the existing neuroanatomy web-
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resources is limited and does not extend beyond on/off labelling of neuroanatomical images

and multiple-choice quizzes (http://bit.ly/UniOfUtah; Krebs, 2016 - http://bit.ly/UBC-

Neuro), while the interactive sketch pad offers a higher-level interactive learning

opportunity.

The use of text-based description, interactive images (both illustrations and images of
prosections) and videos provide a multimodal learning experience to cater for the varying
learning styles of users with different learning preferences. Adult learning theory
acknowledges that most adults have a strong preference for one sense over another with
regards to taking in and processing information. Howard Gardner’s multiple intelligences
inventory assesses seven different types of intelligence which span the three domains;
cognitive, physical and affective domains (Gardner and Hatch, 1989). In order for learning
to be effective, all intelligences must be addressed in teaching. The educators should try, as
much as possible, to plan the learning activities that address the three domains. Results from
previous studies have shown that students from medical and neuroscience backgrounds
favored using a diversity of learning tools suggesting an appreciation of a multi-modal
approach to learning the anatomy of the spinal pathways and visualizing the neuroanatomical

relationships (Javaid et al., 2019; Table 4.1).
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Conclusion

In summary, a simple, interactive computer-assisted learning module/resource has been
developed for learning the sensory and motor spinal pathways. This is the first known
description of the development of such a pedagogical advancement in undergraduate medical
education. As with all educational tools, this resource will undergo empirical evaluation to
determine its role and its effectiveness as a supplemental resource for neuroanatomy
education. A prospective study is currently underway, investigating objective outcomes of
student knowledge as well as individual subjective feedback on the online resource, in the
context of learning the spinal pathways. We hypothesize that the current tool which is in
alignment with the users’ feedback acquired in our previous work (Javaid et al., 2019; Table
4.1) will have a positive impact on the student learning outcomes when integrated with the

conventional undergraduate neuroanatomy teaching methods.
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Abstract

Health practitioners interlink difficulties in managing neurology patients with impaired
understanding of neuroanatomy and associated clinical correlates. Owing to the limitation of
traditional pedagogies, the targeted design of e-resources could be instrumental in helping
students learn neuroanatomy. Previous work from our group identified important features in
the design of neuroanatomy learning tools. This study describes the design and evaluation of

a novel, interactive, neuroanatomy e-resource.

Following initial assessment of knowledge of the spinal pathways (quiz 1, Appendix 9),
participants were randomized into experimental and control groups and provided access to
the novel tool or a previously identified best-ranked e-resource. Following 2 weeks of access,
the participants’ knowledge was re-assessed (quiz 2, Appendix 10). Participants who did not
use the allocated resource were placed in a no-use (NU) group. The usefulness of the tool

used was gauged using Likert-scale questionnaires (Appendix 11).

Participants in the three groups showed a significant increase in their knowledge of
neuroanatomy. When the increase in the novel tool group was compared against the NU
group, the improvement in quiz 2 score was significantly higher than the control tool v. NU
comparison. The Likert ratings revealed a significantly higher median rank-score for the
novel tool compared to the control tool for learning clinical correlates. Lastly, the
significantly stronger correlations between the students’ perceptual opinion and their quiz 2

scores imply that students favored the instructional design of the UCC e-tool. The e-resource
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shows promising results in bridging the gap between neuroanatomy knowledge and its

clinical application, potentially contributing to a reduction in neurophobia.

Key words: Neuroanatomy, anatomy, medical education, computer assisted learning,

neurophobia.
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Introduction

Students and health care professionals have long complained of the cognitive challenges
associated with learning intricate neuroanatomy concepts (Martin et al., 2014; McCarron et
al., 2014; Javaid et al., 2018). Consequently, a poor conception of neuroanatomical
knowledge leads to an apprehension of managing neurology patients, termed neurophobia
(Jozefowicz, 1994). Non-conventional e-learning pedagogies could assist students in
developing a better understanding of the complex, and often abstract, neural connections and
pathways, as well as in learning the spatial inter-relationships within the neuroanatomical
nexus. E-leaning offers several advantages, such as, a superior 3D visualization of complex
neuroanatomical relationships, active learning opportunities through interactive teaching
designs, user-friendly interfaces, cost effectiveness, ease of distribution and accessibility
(Cook, 2007). In addition, custom-adaptive learning designs can offer greater control over
the content, sequence, pace and time of learning, thus providing opportunity to the learners
to tailor their experiences to meet their personal learning objectives and constraints (Ruiz et
al., 2007). The significance of online applications increases many-folds in the context of the
overall reduction in time devoted to anatomical education (Drake et al., 2009; Drake et al.,
2014; Arantes and Ferreira, 2016), lack of qualified instructors (Turney, 2007; Arantes and
Ferreira, 2016), various legal, financial and health concerns (De Craemer, 1994; Batra et al.,
2010) and the limited visibility associated with the small size of the neuroanatomical

structures.

A vast array of computer assisted learning resources are available as potential aids to

supplement the study of neuroanatomy. Various 3D digital brain models (Nowinski et al.,
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2009; Chariker et al., 2011; Ruisoto et al., 2012; Drapkin et al., 2015; Allen et al., 2016), e-
learning resources (Brinkley et al., 1997), brain atlases (Stewart et al., 2007; Li et al., 2014)
and stereoscopic resources (de Faria et al., 2016; Cui et al., 2017), while providing enhanced
visualization of neuroanatomical relationships, are however limited from a learning
perspective. These tools simply test the location and naming of gross neuroanatomical
structures and provide a limited feedback to the students in the form of correct or incorrect
responses or percentage scores. Other 3D digital brain models have not been quantitatively
assessed for their educational efficacy (Adams and Wilson, 2011; Palomera et al., 2014). A
few interactive brain atlases have attempted to explain the clinical neurological correlates
(Nowinski and Chua, 2013) and the art of neurological lesion-localization (Lewis et al.,
2011), however, they fail to link the clinical presentations with the underlying basic
neuroanatomical details. Lately, technologically advanced virtual (Richardson-Hatcher et al.,
2014; Stepan et al., 2017) and augmented reality applications (Wang et al., 2016) have
emerged on the arena, along with various commercially available applications (Frasca et al.,
2000). However, despite the wealth of neuroanatomy resources available, to date, an
interactive tool that offers an active opportunity to acquire an in-depth understanding of
neuroanatomy of the spinal pathways and to prepare learners to exercise this information for
localizing neurological lesions, is missing. The persistence of neurophobia, despite the
abundance of online resources, highlights the need for the development and evaluation of a
novel, interactive neuroanatomy learning online resource that could overcome the challenges
confronted by the students while learning the intricate neuroanatomical concepts associated

with the spinal pathways.
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The purpose of this study was to examine the educational efficacy of a novel interactive
neuroanatomy learning e-resource developed using PowerPoint™ software technology at
University College Cork (UCC), Ireland. The design of the UCC learning resource was
underpinned by the theories of cognitive load (Paas et al., 2003; Paas et al., 2004), adult
learning (Cercone, 2008; Taylor and Hamdy, 2013) and Mayer’s theory of multimedia
learning (Mayer, 2003). In this context, the conceptual framework (CF-ONLine) outlined in
chapter 1 (Table 1.2) provided important guidelines, while the information gathered in a
previous survey and assessment of existing neuroanatomy e-resources also informed the
instructional design (Javaid et al., 2019). In particular, educators and users had identified a
number of features that were valuable in the delivery of neuroanatomical information and
ranked three e-resources for their efficiency in contributing to teaching of the sensori-motor
spinal pathways. The newly desighed UCC neuroanatomy e-learning tool was evaluated in

an educational setting among undergraduate medical and clinical therapies students.

A randomized controlled trial (RCT) was employed as part of the experimental design to
assess the educational efficacy of the novel e-learning tool against the best available e-
resource. Despite the challenges associated with assessing educational strategies through
RCTs in real-life settings (Parks, 2009; see discussion), RCTs have still been advocated as
an effective research tool to assess educational interventions (Cook, 2007; Calvert and
Freementle, 2009). There are several benefits associated with a RCT in order to learn what
works. For instance, the superiority of employing RCT in the design of an educational-
interventional experiment and drawing causal inferences, is best justified based on the
random assignment of participants to the two groups being contrasted. This allows for —

provided the experiment is properly maintained over time — the final performance difference
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between control and experimental groups to be attributed to the intervention (by minimizing
selection-bias) (Cook, 2007). Moreover, the research on design effects in education shows
that individual experiments (RCTs) produce less biased answers than their design-
alternatives, such as reviews and surveys. In addition, as studies of a topic accumulate,
experiments provide more efficient answers, making experiments less expensive than their
alternatives in the long run as fewer of them would be needed for achieving the same degree

of confidence in drawing up a causal link (Cook, 2007).

The results from our study reveal that users of the novel UCC tool had a more significant
improvement in their neuroanatomy knowledge assessment than their non-user classmates.
Furthermore, the results show that the students perceived the instructional design of the UCC-
tool to be more effective for learning and clinically applying the intricate concepts of spinal
pathways’ neuroanatomy as compared to the best available e-resource (Krebs, 2016; Javaid

etal., 2019).
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Materials and Methods

Design and Development of the UCC Neuroanatomy Learning Tool
A self-learning neuroanatomy resource for the anatomy of the spinal pathways (corticospinal
tract and dorsal column medial lemniscal pathway) was created using Microsoft

PowerPoint™ 2017 (Microsoft Corp., Redmond, WA).

The layout of the PowerPoint™ screen was divided into two sections; a Study Pad section
(left side) and an Interactive Sketch Pad section (right side) (Figure 5.1). Initially, the
information regarding the topic is provided to the learner in the Study Pad while the
Interactive Sketch Pad offers an opportunity to revise the same information by prompting the

user to actively trace the course of the neuronal tracts.

Various action buttons were inserted to systematically interlink the slides as part of the tool
design. Each action button is programmed to carry out a specific function allowing users to
navigate between the screens (or slides) in an interactive and structured fashion. Image and
video buttons are available at various stages, offering an opportunity to learn the anatomy of
the spinal pathways through interactive images, with on / off interactive labeling (Figure

5.1A) and short video-based descriptions, respectively.

The module begins with a tutorial window, describing various regions / sections of the screen
layout and explaining the functions of navigation buttons. A Menu button provides a drop-
down list of the various learning stations of the CNS (Figure 5.1B). Each learning station in

the e-resource corresponds to a specific axial section of the brain or the spinal cord along the
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course of a spinal tract. The user learns the course of the entire neuronal pathway by actively

studying its anatomy at each of these learning stations.

The sequence of presentation of PowerPoint™ slides / screens within each learning-station
follows a consistent pattern. For instance, in the case of the corticospinal motor tract, the first
learning-station (the cerebral cortex) commences with a text-based description about the
origin and location of the tract. The image button within the text, directs the user to a
subsequent screen, containing an interactive image of the CNS for that level (Figure 5.1A).
Line drawings of the structures were prepared using the image manipulation software
GIMP™ (version 2.8.22, www.gimp.org). Interactive features were added to the line
drawings using the PowerPoint™ software. The interactive interface allows the user to switch

labels and highlights on or off, acquiring immediate feedback (Figure 5.1A).

Following the image and video-based descriptions, the user is presented with a quiz section
comprising multiple choice questions. An immediate feedback is provided to the learner for
correct or incorrect responses accompanied by a detailed explanation. The user is prompted

to try again if an incorrect response has been selected.

An interactive exercise follows the quiz section, in which the user uploads the relevant axial
sections of the CNS into the Interactive Sketch Pad (right side) and is prompted to click over
the location of the spinal tract in that uploaded image (Figure 5.1B). A correct selection

automatically draws and connects the location of the spinal tract in the adjacent axial section.
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Once all learning stations (from the cerebral cortex to the spinal cord) have been completed,
the learner has interconnected the loci of the tract in all uploaded axial images in the
Interactive Sketch Pad, in a step-by-step fashion, thus successfully drawing the entire

neuronal pathway (Figure 5.1B).

At the end, the learning module offers an opportunity to revise the spinal tract neuroanatomy
using cadaver- / prosection-based images (Figure 5.1C). The module ends with a clinical
interpretation of the pathway information in the context of localization of neurological

lesions.

Prior to saving as a PowerPoint™ slide show file (.ppsx), the presentation was setup for the
KIOSIK mode to disable the mouse wheel and keyboard controls. The e-resource was
uploaded to the Google drive™ folder of a dedicated Gmail™ account
(spinalpathways@gmail.com) and could be downloaded using a link provided to users via

email.
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A Menu Study pad Interactive sketch pad

buttons to highlightareas of origin of corticospinal
tract. f i to hide. Primary motor cortex (precentral gyrus)

Study pad Interactive sketch pad
Clinical presentation W

Learning outcomes  ¢tive sketch pad
General principles

Cerebral cortex

Corona radiata
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Mid-brain

Upper medulla
Lower medulla
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Summary
Prosections
Clinical reasoning
Clinical questions

Left lateral view of cerebral cortex

Click to view primary motor cortex

“primary sensory cortex  Pre-motor cortex
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Figure 5.1. Design the novel UCC neuroanatomy learning tool. A, Interactive image of the left
cerebral hemisphere displayed in the study pad of the UCC tool. The three areas of origin of
corticospinal tract are color-coded and matched with interactive buttons above (pink for primary
motor cortex, orange for pre-motor cortex, blue for primary sensory cortex). Clicking these buttons
provides on and off labelling for the highlighted regions providing immediate feedback to the user.
B, Menu list for various levels of the CNS. The interactive sketch pad displays sectional images from
the selected levels and interconnect the loci of the spinal tract in each section to trace the entire neural
pathway. C, Review of the studied material using prosection images. lllustrations (left) and
photographs (right) of the same structures are displayed and highlighted side-by-side.
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Study Design

A single-blinded experimental-control study was devised to determine, if the novel
neuroanatomy teaching tool increases student performance relative to the previously
identified best e-resource (Javaid et al., 2019). The study was conducted during teaching of
the Human Neuroanatomy course at University College Cork in the autumn semester of 2017.
The course has been described in detail in our previous work (Javaid et al., 2018). This study
received approval from the institutional Social Research Ethics Committee (log no. 2017-

101, Appendix 12 and 13).

The study design was explained to all participants prior to the teaching of the neural
pathways. The students were provided information on the study and volunteers signed an
informed consent form (Appendix 12). A baseline assessment of the participants’ knowledge
of neuroanatomy of the spinal pathways was conducted by requesting them to complete a
quiz (Table 5.1, quiz 1, Appendix 9) comprising of 24 multiple-choice items (Figure 5.2).
The quiz was distributed among the students on standardized sheets of paper inside the

anatomy lab. It took approximately 25 minutes to complete and was collected for marking.

Following on from the delivery of lectures and laboratory sessions on the spinal pathways,
the students were randomly assigned to control and experimental groups (Figure 5.2). They
were blinded to whether they were assigned to the experimental or the control group. Students
in the control group were emailed a hyperlink for the highest-ranked online neuroanatomy

learning resource already available on the web (http://neuroanatomy.ca) (Krebs, 2016; Javaid

et al., 2019) while the experimental group received a link for the UCC e-learning tool,

developed as part of this study (Figure 5.2). Students in both groups were also provided with
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additional links for 1) a neuroanatomy e-textbook available in the institutional library e-
resources, 2) instructions regarding how to access the respective learning resource and, 3)
the learning outcomes. Students were allowed two weeks of continuous access to the learning
tools, after which they, were re-assessed for their knowledge of neuroanatomy using another
MCQ-based quiz (Table 5.1, quiz 2, Appendix 10). Finally, participants’ perception of the e-
resources was gauged using a Likert-scale questionnaire (Figure 5.2, Table 5.2). A number
of participants declared not having used the allocated resource, from both control and
experimental groups and were placed in a separate group called the ‘no-use group (NU)’.
Hence, the final analysis was conducted using three participant-groups; the no-use (NU), the
control and the experimental groups. After completion of the study, both e-resources were

made available to all students as course material.
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Figure 5.2. Experimental design. A randomized, case-control study was designed to gauge
improvement in students’ knowledge of neuroanatomy of spinal pathways after being provided access
to e-learning tools for 2 weeks. All participants completed a baseline knowledge assessment (quiz 1)
at the onset of the study and a second assessment at the end of the study (quiz 2). The control group
(in red) was provided with the previously identified best-available online resource while the
experimental group (in blue) was provided with the novel UCC tool. Participants who did not use the
allocated resource were placed in the no-use (NU) group (in green). Participants in the control and
experimental groups also filled a Likert-scale questionnaire to provide their opinion regarding the
perceived usefulness of the accessed resource.
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Table 5.1: Neuroanatomy quizzes (before and after exposure to e-learning resources)

Question topics for quiz 1 Question topics for quiz 2
QL. Location of fasciculus cuneatus E | QL. Location of fasciculus gracilis
Q2. Functional impairment by lesion in Q2. Functional impairment by lesion in
fasciculus gracilis E | anterior CST
Q3. Identification of decussation-fibers E | Q4. Level of decussation of CST

Q10. Location of nucleus gracilis E | Q7. Location of DCMST

Q8. Functional impairment by lesion in

Q11. Function-loss by lesion in lateral CST | E | spinocerebellar tract

Q15. Location of CST fibers E | Q9. Crossing of 2" order neurons

Q16. Location of CST fibers E | Q11. Level of decussation of dorsal column

Q17. Function-loss by lesion in fasciculus

cuneatus E | Q16. Location of nucleus cuneatus

Q18. Decussation-level of anterior CST E | Q17. Functional impairment by lesion in SPT

Q21. Structure identification (image) E | Q21. Identification of crus-cerebrum(image)

Q22. Structure identification (image) E | Q22. Identification of ventral pons (image)
Q23. Identification of pre- and post-central

Q23. Structure identification (image) E | gyri (image)

Q24. Location of VPL nucleus E | Q3. Matching tracts with their functions

Q5. Matching tracts with their cells-of- Q13. Ranking location of CST in descending

termination E | order

Q7. Ranking location of Dorsal column in

ascending order E | Q18. Matching loci of CST

Q12. Matching tracts with cells-of-origin E

D | Q6. Localization on labelled image

Q20. Localization: Function-loss by lesion Q12. Function-loss by lesion in posterior limb
in L-primary motor cortex D | of internal capsule

Q19. Infarct of cerebral cortical arteries D | Q5. Infarct of R-anterior cerebral artery

Q4. Hemisection of spinal cord and dorsal Q10. Hemisection of spinal cord and dorsal
column D | column

Q6. Localization: lesion in the L-crus & Q14. Function-loss by lesion in R-internal
medial leminiscus of mid-brain D | capsule

Q15. Clinical scenario: Weakness of face and
Q8. Loss of function (infarct in L-thalamus) | D | body on contralateral sides

Q9. Localization: L-occulomotor, R-facial, Q19. Localization: lesion in the crus of mid-
R-arm, L-leg weakness D | brain

Q13. Localization: Cerebral cortical artery Q20. Localization: lesion reported in the R-

stroke D | crus of mid-brain

Q14. Localization: Lesion in L-dorsal Q24. Hemisection of spinal cord and dorsal

column D | column

E=easy question=Bloom’s taxonomy level 1 /2 (remembering / comprehension), D=difficult
question= Bloom’s taxonomy level 3 (knowledge application), CST=corticospinal tract,
VPL=ventral posterior lateral, DMST=dorsal column medial leminiscal tract, SPT=spinocerebellar
tract, L=left, R=right
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Design of Neuroanatomy Knowledge Quizzes

The content for both quizzes was sourced from standardized published neuroanatomy
textbooks. Multiple choice questions were categorized into easy and difficult based on the
revised Bloom’s taxonomy (Anderson et al., 2001). Bloom’s taxonomy of educational
objectives was incorporated into the questions to gauge and precisely define students’
understanding of the topic based on knowledge acquired through using the allocated e-
learning resource. Although the taxonomy identifies three domains of learning (cognitive,
affective and psychomotor), students’ critical thinking skills were assessed in the cognitive
domain, which is the primary focus of classroom education. While some have criticized the
successive functionality of the proposed rigid hierarchical system of not being reflective of
the integrative real-life learning (Soozandehfar et al., 2016), arguments by the proponents of
Bloom’s taxonomy have been widely cited in the literature (Van Hoejj et al., 2004; Da Miller
et al. 1991). Kim et al. (2012) showed that during the feedback sessions of a
pharmacotherapeutics course, majority of students perceived that adoption of Bloom’s
taxonomy helped them to identify the type of questions they had missed and understand the

purpose behind each question (Kim et al., 2012).

Essay questions might have been an ideal way to evaluate higher hierarchical cognitive levels
of Bloom’s taxonomy, however, such assessments would have been time and labor intensive
when administered to a large student cohort, thus resulting in a delayed feedback to students.
Moreover, if multiple graders were involved, there would have been the potential for inter-

rater variability (Kim et al., 2012).
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In the context of Bloom’s taxonomy, questions for which the user was required to recall and
mentally process only a single item or information, were ranked as ‘easy questions’. These
questions assessed memory and comprehension of the participants and ranked at levels 1 or
2 in Bloom’s taxonomy. The participants were assessed across various domains including
the location and function of neuroanatomical structures, and the decussation of pathways.
Difficult questions required the user to mentally process more than one item or information
and apply the basic information to clinical patient-based descriptions. All clinical questions
geared towards the localization of neurological lesions were included in this category and
were ranked equivalent to Bloom’s taxonomy level 3. A panel of three experienced anatomy
educators independently rated the difficulty level of the questions and only questions that

reached a consensus were included in the quizzes (Table 5.1).

Likert-Scale Questionnaire

Participants in both control and experimental groups were also requested to complete a
Likert-scale based questionnaire to assess their attitudes and perceptions regarding the
usefulness of various features of the resources provided, in the context of learning
neuroanatomy of the spinal pathways, visualizing neuroanatomical structures in 3D and
understanding the clinical implications of basic neuroanatomical facts (Table 5.2, Appendix
11). Participants were also inquired about the mental effort they invested to learn
neuroanatomy while using the resources. Lastly, participants were asked usability questions
to record user-analytics regarding their interaction with the tools (usage, frequency, time of

use and venue).
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Table 5.2: Perceptual Assessment of Resources

Likert-scale question

Control

Experimental

Median (IQR)? Median (IQR)
Rate (1=very poor; 9=excellent) the online resource for:
Clarity of explanation 8 (7.2-9) 8 (7-9)
Enhancing interest to learn spinal pathways 6 (5-9) 8 (6-9)

learning spinal pathways:

Rate (1=very poor, 9=excellent) the usefulness of following features of the onl

ine resource for

Explanation of key principles of pathway layout” 7 (6-9) 8 (7-9)
Step by step drawings of neural pathways 8 (7-9) 9 (7.5-9)
Cross-sectional images containing spinal tracts 8 (7-9) 9 (7-9)
Summarization of information and tables 8 (7-9) 8 (7-9)
Quizzes, feedback 7 (6-9) 8.5 (6-9)
CT, MRI images 6 (6-8.75) 8 (6.5-9)*
3D computer models 6.5 (6-9) 8 (6-9)
Rate (1=very poor; 9=excellent) the usefulness of online resource for learning:

Clinical relevance of neuroanatomy of tracts 8 (6-9) 8 (7-9)*
Localization of neurological lesions 8 (6.25-9) 8 (7-9)
3D relationship of structures 7 (6.5-9) 8 (7-9)
Neuroanatomical structure identification on CT, MRI 7 (6-9) 8 (6.25-9)
Explaining objectives mentioned in learning outcome 9 (7-9) 8 (7-9)

Rate usefulness of the features of online resource in 3D vi
poor; 9=excellent):

sualization of spinal

pathways (1=very

using the resource (1=very easy; 9=very difficult)

Images of brain prosections 8 (7-9) 8 (7-9)
2D / 3D illustrations 7 (6-9) 8 (7-9)
3D brain models 7 (5-9) 7 (7-9)
Animations, video lectures 7 (6-9) 8 (7-9)
Images of cross-sections of brain prosections 8.5 (7-9) 8 (7-9)
CT / MRI sections 8 (6-9) 8 (7-9)
Rate your interest in learning neuroanatomy after using 7 (5-8) 7 (6-7.75)
the resource (1=very poor; 9=excellent)

Rate difficulty level for learning neuroanatomy while 5 (3.25-8) 5(3-7)

While using the resource, rate (1=very low; 9=very high) the mental effort associated with:

Finding information mentioned in learning outcomes 5 (3-6.5) 5 (2-6)
Learning relationships of neuroanatomical structures 6 (5-8) 5.5 (4-6)
Understanding cross-sections of brain prosections 7 (4-7.5) 5 (3-6)
Learning to identify structures on CT, MRI images 6 (5-8) 5 (3-6)*
Learning clinical relevance of spinal tracts® 7 (6-8) 5.5 (4-6)**
Learning to localize neurological lesions 7.5 (6-8) 6 (4-7)*

Additional comments:

2Inter-quartile range (25™ to 75" percentile). ® [A] what are 15-2"9-3' order neurons, [B] how to relate ipsilateral
/ contralateral deficits with lesions being below/above decussation?
*P < 0.05, **P < 0.01 for comparison between control and experimental groups.
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Study Population

A total of 154 participants completed the baseline quiz 1 (Appendix 9) and were considered
eligible to participate in the study and were randomly assigned to the control and
experimental groups according to their program of study (Figure 5.2). Following 2 weeks of
online access to the learning tools, 138 students (68 control, 70 experimental) consented to
further participate in the study and completed phase 2 (quiz 2 and perception questionnaire).
Sixty-two participants did not use the allocated online resources and were placed in the ‘NU
group’. Participants in each group were matched against the initial list of 154 participants for
completion of quizzes 1 (Appendix 9) and 2 (Appendix 10). Those who had not completed
both phases were excluded from further analysis leaving 36 students in the NU group (21
direct entry medicine, 15 graduate entry medicine students), 21 students in the control group
(3 clinical therapy, 7 direct entry medicine, 11 graduate entry medicine students) while the
experimental group contained 28 students (2 clinical therapy, 18 direct entry medicine, 8

graduate entry medicine students) (Figure 5.2).

Statistical Analysis

Study data were coded, anonymized and entered into Microsoft Excel™ 2016 spreadsheets
(Microsoft Corp., Redmond, WA). The percentage correct response (PCR) for easy, difficult
and total (easy and difficult combined) questions, was calculated for each participant-for both
quizzes, and was used as the dependent variable to compare students’ performances between

groups.

The PCR data for all participants was exported to the Statistical Package for Social

Sciences™ (SPSS), version 22 (IBM Corp., Armonk, NY). Sample data was tested for
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normality and homogeneity of variance separately for easy, difficult and total categories
(using histogram, normal probability plots, Shapiro-Wilk test), for six possible groups; quiz
1 and quiz 2, for control, experimental and NU groups each. Descriptive statistics (median,
interquartile range) are used to present the data for neuroanatomy quizzes and Likert scale

questionnaires, for each group, across a skewed sample distribution.

Performance-improvement in total, easy and difficult categories was gauged both between
groups (control v. experimental, experimental v. NU, control v. NU) for both quizzes as well
as within each group (quiz 1 v. quiz 2). Non-parametric testing was conducted due to skewed
sample distributions of PCR scores. Kruskal-Wallis test was used to compare PCR scores
between the three independent groups (control v. experimental v. NU), followed by a post-
hoc Mann-Whitney U test (control v. experimental, experimental v. NU, control v. NU)
(Table 5.3). Wilcoxon’s signed-ranks test was employed for the within-group comparison,
as the quiz 1 as well as the quiz 2 data within each group had been acquired from the same
participants (Table 5.3). Pearson’s rank correlations revealed the relationships between PCR

scores and the Likert-scale perceptual ratings of participants.
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Results

Table 5.3: Participants’ Performances on Neuroanatomy Quizzes

PCR? Quiz comparison® Group comparison®
Quiz Ctr |[lUCC | NU | Ctr |UCC | NU | Ctrv. | Ctr | UCC | Ctr
question ucc v v V.

v. NU UC£C NU NU

20.8 | 16.7 | 16.7

Total (16.7 | (9.4 | (9.4 | *** | *xx | %% | 0474 | 0.279 | 0.832 | 0.277
Q1 25.0) | 29.2) | 25.0)
188 | 125 | 125

Easy (125 | (6.3 | (6.3 | *** | **x | %+ | 0556 | 0.288 | 0.880 | 0.384

25.0) | 23.4) | 25.0)
250 | 25.0 | 125
Difficult | (125 | (125 | (12.5 | ** | *** | %= | 0359 | 0.343 | 0.731 | 0.142

37.5) | 37.5) | 25.0)
66.7 | 8.3 | 625

Total (56.2 | (52.1 | (46.9 0.134 | 0.356 | 0.062 | 0.236
Q2 87.5) | 91.7) | 74.0)
733 | 833 | 73.3

Easy (60.0 | (66.7 | (53.3 0.274 | 0.266 | 0.118 | 0.823

90.0) | 93.3) | 86.7)
66.7 | 66.7 | 44.4
Difficult | (38.9 | (33.3 | (33.3 0.251 | 0.495 | 0.237 | 0.102

77.8) | 100) | 63.9)
@Percentage correct response (median and interquartile range) on total, easy and difficult questions.
bComparison of PCR scores between Q2 and Q1 for total, easy and difficult questions (Wilcoxon’s signed-
ranks test, **P < 0.01, ***P < 0.001). “Comparison of PCR scores between groups (Kruskall-Wallis test for
comparison of 3 groups, followed by post-hoc Mann-Whitney U test, P values shown).

Ctr = control tool group (N =21), NU = no use group (N = 36), PCR = percentage correct response, Q1 = quiz
1, Q2 = quiz 2, UCC = UCC tool group (N = 28).

Following the completion of both quizzes, the percentage of correct response (PCR) was
calculated for each group (control, experimental, NU), for total, difficult and easy questions
(Table 5.3). The PCR scores were tested for normality and homogeneity of variance. The
Shapiro-Wilk test reported a significant deviation from normality for the control,
experimental and NU groups, for the total, easy and difficult questions in the baseline quiz 1
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(P <0.05). A similar significant deviation from normality was also found for the quiz 2 PCR
scores, except for the NU-total-quiz 2 (P = 0.44) and control-difficult-quiz 2 scores (P =
0.38). Outliers were identified in the easy category, however, these were not excluded from

the analysis as their removal did not affect the normality results (data not shown).

Baseline Performance on Neuroanatomy Quiz 1

A comparison of baseline knowledge, before exposure to the online tools provided, shows
that participants in the NU, control and experimental groups possessed a similar level of
comprehension of spinal pathways’ neuroanatomy. There was no statistically significant
difference between the PCR scores of participants in the three groups (Table 5.3, Kruskal-
Wallis test) for the total (y? = 1.493, P = 0.474), easy (y*> = 1.176, P = 0.556) and difficult
questions (y* = 2.048, P = 0.359). Post-hoc Mann-Whitney U test (Table 5.3) revealed no
significant difference between the PCR scores of control and experimental groups for the
total (U = -1.083, P = 0.279), easy (U = -1.062, P = 0.288) and difficult questions (U = -
0.948, P = 0.343). Similar results were obtained when experimental group was compared
against the NU group (Table 5.3, Mann-Whitney U test, total; U = -0.212, P = 0.832, easy;
U =-0.151, P = 0.880 and difficult questions; U = -0.344, P = 0.731) and the control group
was compared against the NU group (Table 5.3, Mann-Whitney U test, total; U = -1.088, P

=0.277, easy; U =-0.871, P = 0.384 and difficult questions; U = -1.470, P = 0.142).

Comparison of Performance Between Quiz 1 and Quiz 2
The results reveal that participants’ knowledge of neuroanatomy of spinal pathways
enhanced after being provided online access to the learning tools for two weeks. Wilcoxon’s

signed-ranks test showed a statistically significant difference between the PCR scores, before
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and after exposure to the online tool (quiz 1 v. quiz 2), in the control group (easy questions;
Z =-3.982, P < 0.001, difficult questions; Z = -3.374, P < 0.01, total questions, Z = -3.877,
P < 0.001, Table 5.3). A similar significant enhancement of performance (quiz 1 v. quiz 2)
was shown within the experimental group (Wilcoxon’s signed-ranks test, easy questions; Z
=-4.624, P < 0.001, difficult questions; Z = -4.260, P < 0.001, total questions, Z = -4.604, P
< 0.001, Table 5.3). It was noted that the participants in the no-use group who did not access
the online tools provided, also showed a similar enhancement in their PCR scores after the
two week time period (Wilcoxon’s signed-ranks test, easy questions; Z = -5.233, P < 0.001,

difficult questions; Z = -4.678, P < 0.001, total questions, Z = -5.233, P < 0.001, Table 5.3).

Comparison of Performance in Quiz 2 Between Groups

An analysis of the participants’ performances in the second neuroanatomy quiz was
conducted to compare between the control, experimental and NU groups. Students in all three
groups were found to have a similar level of knowledge of spinal pathways’ neuroanatomy.
For the easy-questions, Kruskal-Wallis test showed no statistically significant difference
between PCR scores of three groups (y?> = 2.588, P = 0.274). The results were further
supported by a post-hoc Mann-Whitney analysis which also revealed no difference for
individual comparisons between pairs of groups (Table 5.3, control v. experimental; Z = -
1.113, P = 0.266, experimental v. NU; Z =-1.564, P = 0.118, control v. NU; Z =-0.224, P =
0.823). Similar results were obtained for the difficult questions (Table 5.3, ¥ = 2.768, P =
0.251, Kruskal-Wallis test) with no significant difference seen between control and
experimental groups (Table 5.3, Mann Whitney U test, U =-0.683, P = 0.495), experimental
and NU groups (Table 5.3, Mann Whitney U test, U =-1.183, P = 0.237) and control and NU

groups (Table 5.3, Mann Whitney U test, U =-1.636, P = 0.102).
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For the three-group comparison for the total questions, no significant difference was observed
between the groups (Table 5.3, x*> = 4.022, P = 0.134, Kruskal-Wallis test). However, the
PCR scores of the experimental group (Mdn =81.3, IQR =52.1-91.7) were found to be higher
than those of the NU group (Mdn = 62.5, IQR = 46.9-74.0), with a Mann-Whitney U test
revealing a borderline statistically significant difference between them (Table 5.3, U = -
1.865, P = 0.062). The remaining group comparisons did not reach significance (Table 5.3,
Mann Whitney U test, control v. experimental; U = -0.923, P = 0.356, control v. NU; U = -

1.185, P = 0.236).

To further analyze the learning gain following the 2 week-time period, the changes in the
PCR scores, i.e. the difference in PCR between quiz 2 and quiz 1, was calculated (quiz 2
PCR - quiz 1 PCR = APCR). The APCR values for the experimental and NU group were
found to be significantly different from each other while the control v. NU comparison did

not reach statistical significance.

A Kruskal-Wallis test showed no significant difference between the APCR values of the
control, experimental and NU groups for the easy (y* = 0.002, P = 0.960), difficult (y* =
0.406, P = 0.524) and total questions (y* = 0.171, P = 0.679). Post-hoc analysis of APCR
scores for the total category revealed that the experimental group showed a higher median
score (Mdn =58.3, IQR = 42.72-69.77) compared to the control (Mdn = 45.8, IQR = 31.3-
64.6) and the NU groups (Mdn = 45.8, IQR = 33.34-54.17), with a statistically significant
difference found for the experimental v. NU comparison (Mann Whitney U test, U =-2.133,
P =0.033). The difference did not reach a statistically significance level for the experimental

v. control (U = -1.265, P =0.206) and control v. NU comparisons (U =-0.414, P = 0.679). A
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Mann Whitney post-hoc analysis for comparison of APCR values for the three groups
(control, experimental, NU) was also conducted separately for the easy and the difficult
questions, but no significant difference was revealed for the experimental v. control (easy;
U =-1.031, P =0.302, difficult; U = -0.849, P = 0.396), control v. NU (easy; U =-0.050, P
= 0.960, difficult; U = -0.638, P = 0.524) and experimental v. NU comparisons (easy; U = -

1.577, P = 0.115, difficult; U = -1.510, P = 0.131).

The APCR represents the absolute learning gain from the Quiz 2 and Quiz 1 PCR scores,
between two different time points before and after the intervention. However, since the
maximum test score of the questionnaire cannot rise beyond 100%, therefore, a higher Quiz
1 (pre-intervention) score could be inversely correlated with the Quiz 2 (post-intervention)
score, thus giving a false perception of a lower learning gain. In order to reduce the
confounding influence of the baseline knowledge of neuroanatomy (Quiz 1 score) of the
participants on performance enhancement, the normalized learning gain is calculated by
dividing the absolute learning (Quiz 2 — Quiz 1 PCR score) by the maximum possible
learning gain (100 — Quiz 1 PCR score) (Pickering, 2016). This allows for the actual learning
gain to be recorded independent of Quiz 1 scores (or baseline neuroanatomy knowledge) and
permitting a better comparison between groups. When conducting the analysis, Kruskal-
Wallis test showed no significant difference between the learning gains of the control,
experimental and NU groups for the easy (P = 0.238), difficult (P = 0.122) and total questions
(P = 0.109). However, like the APCR results mentioned above, post-hoc analysis of the
normalized learning gain values for the total category revealed that the experimental group

performed significantly better than the NU group (Mann Whitney U test, U = -2.112, P =
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0.035). The difference did not reach a statistically significance level for the experimental v.

control (U =-1.162, P =0.245) and control v. NU comparisons (U = -0.645, P = 0.519).

Like the APCR analysis highlighted above, Mann Whitney post-hoc analysis for comparison
of normalized learning gain values for the three groups (control, experimental, NU) was also
conducted separately for the easy and the difficult questions. Once again, no significant
difference was revealed for the experimental v. control (easy; U =-1.133, P =0.257, difficult;
U =-0.963, P = 0.335), control v. NU (easy; U = -0.058, P = 0.954, difficult; U =-1.278, P
=0.201) and experimental v. NU comparisons (easy; U = -1.693, P = 0.090, difficult; U = -

1.875, P = 0.061).

Comparison of Performance between Easy and Difficult Questions

Further analysis showed that the participants’ increase in knowledge of neuroanatomy
measured in quiz 2 was higher for the easy questions compared to the difficult questions.
Within the control group, students showed a significantly enhanced knowledge of
neuroanatomy of spinal pathways when answering the easy questions (Mdn = 60.8, IQR =
24.9-71.0) as compared to the difficult questions (Mdn = 38.9, IQR = 7.65-59.0) (Z = -2.56,
P < 0.05, Wilcoxon’s signed-ranks test). Similarly, within the experimental group, a
significantly enhanced performance was observed when participants answered the easy
questions (Mdn =67.1, IQR = 41.2-74.9) as compared to the difficult questions (Mdn = 35.4,
IQR =19.7-75.0) (Z =-2.82, P < 0.01, Wilcoxon’s signed-ranks test). Similar enhancement
in performance for easy v. difficult questions (easy; Mdn = 73.3, IQR =53.3-86.67, difficult;
Mdn = 44.44, IQR = 33.33-63.89) was also shown for the NU group (Z = -4.36, P < 0.001,

Wilcoxon’s signed-ranks test).
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Likert-Scale Questionnaire Results

Participants who had accessed the online resources, were asked a series of questions to
acquire insight into user-analytics (Appendix 11). For instance, most participants accessed
the online tool ‘only once’, except, for 4 participants in the control group (accessed twice)
and 9 in the experimental group who accessed the tool > 2 times. The experimental devoted
an average of 42.5 minutes, while the control group dedicated an average of 31 minutes while
learning from the online tool. The duration of usage of the online tool was not correlated with
quiz 2 performance (the PCR score), for the experimental group participants (easy questions;
r = 0.07, difficult questions; r = 0.02), while only a weak correlation was observed in control
group (easy questions; r = 0.2, difficult questions; r = 0.39). The usage of online tool was

homogenous across the time of the day and the venue where the tool was accessed.

When Likert-scale questions were used to inquire about the participants’ perceived
usefulness of various components of the learning tools (Appendix 11), overall the median
(and interquartile range) scores for the experimental group were found to be higher compared
to the control group. However, the difference reached statistical significance only for the
questions of clinical relevance. CT and MRI images; when employed by the UCC online tool
(experimental group) were perceived to be more useful for learning the neuroanatomy of the
spinal pathways as compared to the control resource (Table 5.2, U =-2.187, P < 0.05, Mann-
Whitney U test). The UCC tool was also perceived to be more useful for learning the clinical
correlates of the spinal pathways (Table 5.2, U = -1.652, P < 0.05, Mann-Whitney U test).
Lastly, results showed that less mental effort was required for learning to identify

neuroanatomical structures on radiological images (Table 5.2, U =-2.007, P < 0.05, Mann-
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Whitney U test), learning the clinical correlates of the spinal tracts (Table 5.2, U =-2.633, P
< 0.01, Mann-Whitney U test) and the localization of neurological lesions (Table 5.2, U = -
2.308, P < 0.05, Mann-Whitney U test), when using the UCC online tool as compared to the
control tool.

Further correlational analysis was conducted between the Likert-perceptual ratings of the
participants and their PCR scores in the quiz 2; separately for the easy and the difficult
categories of questions. Overall, stronger correlations were found in the experimental group
as compared to the control group (Figure 5.3). For the control group, a significant correlation
was demonstrated between the quiz 2 PCR scores of the participants and the perceived
usefulness of the cross-sectional images (with labelled spinal tracts) contained within the
online resource (Figure 5.3, P < 0.05 for difficult questions). All remaining correlations were

weak and non-significant (P > 0.05).

On the contrary, significant correlations were identified in various domains for the
experimental group, (P < 0.05), across both easy and difficult questions, including the clarity
of explanations, enhancement of student interest, the usefulness of step by step drawing of
the neural pathways, the use of cross-sectional images, quizzes with feedback, the use of CT
and MRI images, and the use of 3D digital models in the resource. Finally, a significant
correlation was revealed only for the easy questions with regards to the summarization of

information in the novel UCC resource (Figure 5.3, P < 0.01).

The perceived Likert-ratings of participants in the experimental group were also strongly
correlated with their quiz 2 results in the context of learning clinical correlates and the

localization of neurological lesions, 3D relationship of neuroanatomical structures, structure
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identification on neuroradiological images (CT, MRI) and the explanation of objectives
mentioned in the learning outcomes (Figure 5.3, P < 0.01). None of these domains revealed
a significant correlation in case of the control group (Figure 5.3, P > 0.05).The questionnaire
inquired if the images of brain prosections, 2D / 3D illustrations, 3D digital brain models,
animations and video lectures, cross-sectional brain images, and CT / MRI sections, when
present within the allocated resources, were useful for 3D visualization of the spinal
pathways. A Cronbach’s alpha analysis showed a significant internal consistency between
the Likert ratings of these items (control group a = 0.893, experimental group a = 0.964).
The individual item Likert results revealed that participants’ opinion in the experimental
group was significantly correlated with the quiz 2 scores for cross-sectional images of brain
prosections in both easy and difficult categories of questions (Figure 5.3, P < 0.01).
Significant correlations were also observed for the images of gross brain prosection sand 3D
digital brain models across the easy category of questions (Figure 5.3A, P < 0.05). When
specifically inquired about the usefulness of neuroimaging (CT, MRI sections) in aiding 3D
visualization of spinal pathways, significant correlations were obtained between the Likert

ratings and the quiz 2 scores for the difficult questions (Figure 5.3B, P < 0.01).

Results from the experimental group also reveal that while using the UCC resource, a
significant inverse correlation existed between the mental effort required for finding the
information mentioned in the learning outcomes and PCR score on quiz 2 (easy questions r
= -0.43, difficult questions r = -0.39, P < 0.05). A significant inverse correlation was also
observed for the difficult questions between learning to identify structures on CT and MRI

and quiz 2 score (r = -0.41, P < 0.05). On the contrary, in the control group, none of the
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1  inverse correlations between the mental effort invested and quiz 2 score were significant (P
2  >0.05, data not shown).
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Figure 5.3. Relationship between quiz 2 performance scores and participants’ Likert-scale ratings.
A, Graphical representation of the Pearson’s rank correlation coefficients for the linear relationship
between the participants’ quiz 2 PCR scores and their Likert-scale perceptual ratings for the easy
guestions. B, Graphical representation of the Pearson’s rank correlation coefficients for the linear
relationship between the participants’ quiz 2 PCR scores and their Likert-scale perceptual ratings
for the difficult questions. Blue dots: UCC tool, Red dots: Control tool. Pearson’s rank correlation
(r), *P <0.05, **P < 0.01, ***P < 0.001.
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Discussion

The novel application developed and evaluated as part of the current research study is the
first resource whose instructional design has been based on the suggestions and limitations
previously identified in existing neuroanatomy learning resources by a group of experienced

anatomy educators and undergraduate students (Javaid et al., 2019).

The control neuroanatomy web-resource by the University of British Columbia had been
ranked as the best-available free online resource for learning spinal pathways’ neuroanatomy
in a previous research study conducted by our group (Krebs, 2016; Javaid et al., 2019).
However, the resource has limitations in terms of the level-of-detail offered when examined
in light of the core neuroanatomy syllabus outlined by Moxham et al. for early stages of
medical education (Moxham et al., 2015). Moreover, it did not elaborate upon the clinical
correlates of neuroanatomical concepts and linking basic neuroanatomy with its clinical
neurological correlates to address neurophobia. Nowinski and Chua, on the other hand,
created a neurological localization software, which was geared towards clinical neurology
but lacked in explaining the underlying basic neuroanatomical details (Nowinski and Chua,
2013). To date a resource which could explain the spinal pathways’ neuroanatomy in
adequate detail and in an interactive fashion and at the same time, streamline the thinking
process of novice learners towards practical application of this knowledge for localization of
neurological lesions, is missing. Such a link between basic neuroanatomy and its clinical
application in any pedagogical approach is paramount for its success in effectively addressing

the grueling problem of prevailing neurophobia.
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In this study, a randomized controlled trial (RCT) was employed as part of the experimental
design to assess the educational efficacy of a novel e-learning tool against the best available
e-resource. Later, a third group was generated comprising of students who did not use any
allocated e-resource. The results suggest that the three groups performed similarly on the
baseline quiz 1 and all improved significantly on quiz 2 (Table 5.1). Although, RCTs have
been advocated as effective research tool to assess educational strategies (Calvert and
Freementle, 2009). However, when looking at the results one must be mindful of the fact that
educational research is hard to control. While RCTs help to avoid selection-bias, there are
challenges associated with assessing educational strategies through RCTs in real-life settings
(Parks, 2009). For instance, at what stage during their studies might students be randomized?
The similar improvement in quiz 2 performance across the three groups may be linked with
the time when randomization was conducted during the neuroanatomy course. The e-
resources were allocated to the students in the control and experimental groups, around the
midpoint of the course at which time a significant proportion of the students might have
begun their study towards examination. This may account for a significant portion of the
improvement noted across all groups. While comparison of quiz 2 performances across the
three groups revealed no significant difference, a marginal difference was observed between
the experimental group and the non-user group. Moreover, analysis of the APCR scores (quiz
2 PCR — quiz 1 PCR) showed that students using the novel UCC tool improved their
performance to a significantly greater extent than the non-user group. When a similar
comparison was performed between the control tool and the non-user group, the statistical
analysis revealed no difference in performance improvement. In the context of performance
improvement discussed above, it could be argued that the novel UCC tool is a more reliable

resource in improving student’s performance.
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An additional challenge linked with an RCT is the difficulty associated with blinding the
teacher and the student. Thus, any RCT is vulnerable not only to performance bias (the
behavior of the teacher applying novel techniques might be very different from their
colleague giving a didactic lecture) but also placebo effects (the students might pay more
attention and be more willing to turn up for novel teaching methods). Paradoxically, students
might also be resistant to change and reluctant to participate in classes where new and
unfamiliar teaching methods are tried further confounding the results. To overcome such
potential confounds in our study, the students were not made aware of their allocation into
the control or the experimental groups. However, once the quiz 2 evaluation had been
conducted, it was ensured that both novel and control e-tools were accessible to every student
in the class, thus abiding by the approved institutional ethical guidelines and not depriving

students of valuable e-learning content.

When the comparison of quiz 2 to quiz 1 results were broken down into easy and difficult
questions, the results for both tools showed that the improvement in participants’
performance in the easy category was significantly greater as compared to their performance
enhancement in the difficult category. Since, all questions pertaining to the clinical
localization of neurological lesions were included in the difficult category, the lack of
improvement implies that neither tool (control or experimental) is effective in enhancing the
capability of the undergraduate students in applying the basic neuroanatomical knowledge
onto clinical situations. Both tools have a limited capability in effectively breaking the

problematic nexus between the neuro-anatomy-phobia and the consequent neuro-phobia.
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Furthermore, a comparison between the Likert-scale ratings revealed that the students using
the novel UCC tool had a higher appreciation of the tool than their counterparts using the
control tool with regards to performance enhancement across various clinical domains.
However, comparison of quiz 2 performance in the difficult category (questions with clinical
application) between the two groups showed no statistically significant difference. The
apparent contradiction between the perceptual opinion of the students and the quantitative
quiz 2 results implies that although the novel UCC tool successfully enhanced students’
interest in learning neuroanatomy and its clinical correlates, its instructional design still did
not have sufficient impact to translate the participants’ positive perceptual opinion into

hardcore factual improvement in their quantitative performance scores.

The correlation analysis between the participants’ perceptual opinion (Likert ratings) of the
usefulness of various features of the resources and their knowledge assessment (quiz 2 PCR
scores), provides further evidence in support of the implication above. As both groups
performed similarly in quiz 2, the higher strength of the correlations observed for users of
the UCC tool suggest that students who performed well on the assessment had a higher
opinion of the tool they used while high performers in the control group did not share this
level of appreciation for their tool. The link between the perceptual opinion of the participants
regarding the efficacy of the novel UCC tool and the resultant quantitative outcome is in
contradiction with results for the best available resource offered to the control group. While
students in the control group rated their instrument lower than the experimental group, their

results showed that they performed equally well on quantitative assessment (quiz 2).
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Despite the fact that there were no differences in quiz performance between the experimental
and control groups, it must be noted that users of the UCC tool displayed a higher
performance improvement on quiz 2 than their non-user counterparts while the control group
showed no difference with the non-users. Similarly, the overall Likert ratings showed that
user of the UCC tools had a higher appreciation of the features of the novel tool in relation
to their learning of the neuroanatomical spinal pathways. It appears that while it only partly
achieved its educational goal, the instructional design of the UCC tool based on previous
queries of similar cohorts was more appealing to the participants and better met their learning
needs than the control tool. The tool was designed to meet the learning objectives for the
spinal pathways of the published core syllabus of the International Federation of Associations
of Anatomists (IFAA) and of the European Federation for Experimental Morphology
(EFEM) (Moxham et al., 2015) with the aim of bridging the disconnect between the
acquisition of neuroanatomical knowledge and its clinical application. As discussed above,
users of the tool did not display more significant improvement in answering clinically
oriented questions than their counterparts in the other groups, suggesting that the tool did not
reach its clinical correlation objective. Neuroanatomy is considered primarily a basic science
and is usually taught in the preclinical years of medical and clinical sciences curricula. The
lack of clinical exposure and its associated information processing may have impeded the
capacity of students to perform equally well on clinically oriented questions (application of
knowledge) compared to fact-based questions. As it raises the possibility that neuroanatomy
teaching may occur too early in the curriculum, leading to the well described disconnect
between knowledge and its application accepted as the source neurophobia, it would be of

interest to revisit curriculum design and re-assess the tool with later cohorts of students.
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Features of a good multiple-choice-question (MCQ) test and ways to improve the test-
design in the future

A good multiple-choice-questions’ test should be able to accurately gauge students’ mastery
of the topic with a linear relationship between the test-scores acquired and students’
knowledge of the topic. In order to minimize guessing in an MCQ-based evaluation, several
guidelines could be taken into consideration pertaining to the stem of the question, the design
of options (keyed response and distractors), and the formulation of the evaluative scoring

scheme.

1) In order to improve the validity of the test, MCQs could be asked across different
categorizations of Bloom’s taxonomy, such as, remembering and understanding, applying
and analyzing, evaluating and creating. Both quizzes (1 and 2; Table 5.1) contained questions
falling along different categories along the Bloom’s hierarchy and thus were labeled as ‘easy’
or ‘difficult’ (described in the results). However, ‘easy’ or ‘difficult might be a very broad
categorization of questions. A more detailed categorization could implemented in the future

by having questions representative of all stages of Blooms’ taxonomy.

2) The stem of the MCQ item / question should always be phrased like a question (not a
partial sentence). A question stem is preferable because it allows the student to focus on
answering the question rather than holding the partial sentence in working memory and
sequentially completing it with each alternative, thus unnecessarily increasing the cognitive
load. The stem should be meaningful, focus on one problem and avoid unnecessary
information (for instance, Quiz 1-Q4 contains unnecessary information not relevant to assess

to learning outcome, i.e., the right / left-sided functional impairment in relevance to the
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lesion. The question-stem should be positively phrased, unless specific learning outcomes
require a negative phrasing. Lastly, trick questions should be avoided, as they do not assess
content-mastery. In context of the stem of the question providing an answer to the student,
perhaps the option of matching the questions (Quiz 1-Q5, Quiz 2-Q3) and arranging them
in a chronological sequence (Quiz 2—Q13), could have been avoided. In addition, to reduce
extraneous processing the question-stem and images provided should be placed in close
proximity to the options. The spatial contiguity principle was not strictly observed in Quiz

1-Q21.

3) Test-wiseness is a skill that permits a test-taker to utilize the characteristics and forms of
tests and/ or test-taking situation to receive a high score. A test will be considered as a good
test, if the options and distractors are designed in a way which minimizes students’ ability to
apply the test-wiseness strategies or intelligent-guess work and get a higher score which is
irrelevant or independent of the learning outcome they are supposed to master. Not being

able to accomplish this, comprises the validity of the test.

In context of test-wiseness (and intelligent guess work) and task-irrelevancy, followings
considerations could be undertaken while designing effective options and alternatives
(distractors). a) Implausible distractors should not be designed. Common student errors
provide the best source of distractors, with the number of alternatives usually limited to four.
The number of alternatives in some quiz questions in the study dropped down to 3 and in
others went up to 8 (for example, Quiz 1-Q17). b) Alternatives should be stated clearly and
concisely. Items that are excessively wordy assess students’ reading ability rather than their

attainment of the learning objectives. Moreover, they should be the same length as the keyed
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response. c¢) ldeally, the alternatives should be mutually exclusive with no overlapping
content as these may be considered ‘trick’ items by test-takers. In this context, some
overlapping alternative-statements in our quizzes should have been avoided (Quiz 1-Q4;
option D overlapping over C, Q13; overlapping of A and F on other options, Q19; options E
and F are overlapping the other options). However, at the same time they should be
homogenous in content, as alternatives which are heterogenous in content can also provide
cues to student about the correct answer. d) Inadvertent clues could be used by sophisticated
test-takers to guess the correct answer. This could be minimized by using alternatives with
similar length, wording them in a similar way to make each option believable for those
students who have not covered the topic well, ensuring that the grammar and syntax of both
the stem and the options agree and varying the placement of the correct answer to avoid
creating a pattern. For the latter, the alternatives could be presented in a logical order (e.g.
alphabetical or numerical) to avoid a bias towards certain positions. e) Using “all of the
above” and “none of the above” reduce the accuracy of the test in assessing the content and
hence discouraged. Thirdly, absolutes such as “always” and “never” should be avoided as
they could throw off the students having them think that there is one-exception. Moreover,
negative words such as “except” or “not” (for instance, in Quiz 1-Q15 and Quiz 2-Q7). create
confusion and not to be used, because students cannot know the answer without reading the
options and hence are not only being tested on the content but also for their ability to work

through the negatives to answer the question.

Negative marking has been employed as an approach to prevent guess work. However, | am
of the opinion that it renders the risk of obtaining test results which are an incorrect

representation of students’ knowledge of the topic. Instead, students should be provided the
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liberty to select a sub-set (> 1) of options and then scored based on the number of distractors
identified. Unsure students might be able to identify a group of options by eliminating a few
distractors only; not all of them. These students should also be given some mark but not the
same as the students who correctly identified the single best answer (or in other words, ruled
out all distractors successfully). Doing so, qualifies the test-score as a very good indicator of

students’ knowledge of the topic.

In-depth interviews and / or focus groups vs. free-text surveys

The questionnaires were preferred over in-depth interviews and focus groups in all studies
because once the surveys had been designed, they could be distributed to a large number of
students with very little effort (Fricker and Schonlau, 2002; Smith et al., 2018). This was
logistically feasible, as the second-year medical students in our institution are available
during the first semester only. Failure to acquire, analyse and interpret the data during this
limited time, could have introduced a potential danger of diminished students’ accessibility
and consequent reduced participants’ response rate (Cook et al., 2000; Truell et al., 2002).
Moreover, the preference for employing free-text surveys was also dictated by the research
study-design. As part of the aim 3 (Chapter 5), students could be assessed for their knowledge
of spinal pathways (Quiz 2; Table 5.1, Appendix 10), once they had been taught the sensory
and motor spinal pathways as part of their scheduled lectures in the module. Following their
last lecture on spinal pathways, there remained a very short time-window available to acquire
the data (Quiz 2, Table 5.1, Appendix 10) prior to the commencement of the end-of-module

summative assessment.
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In the above-mentioned context, the surveys were a safer choice versus in-depth interviews.
Interviews would have been conducted on a one-to-one basis. These would have required a
large amount of the investigator’s time during the interviews and also for transcribing and
coding the data. Focus groups, on the other hand consist of one investigator and a number of
participants in any one session (Adams and Cox, 2008). Although the views of any one
participant cannot be probed to same degree as in an in-depth interview, the discussions that
are facilitated within the groups often result in useful data in a relatively shorter space of time

than that required by one-to-one interviews (Adams and Cox, 2008).

I would, however, would like to highlight that the surveys used in the studies also contained
some open-ended questions, allowing students to provide additional detailed opinions, if they
deemed it necessary. The thematic analysis of such responses provided additional insight into
their perceived usefulness of various features of neuroanatomy learning e-resources, apart
from that acquired from the surveys (Joffe and Yardley, 2004). However, the study-design
for the future studies could still be improved by employing all above-mentioned research
methodologies (i.e., interviews, focus groups and questionnaires) for acquiring participants’
data. Such a triangulation of data-acquisition techniques enables them to complement each

other’s weaknesses (De Leeuw, 2005; Adams and Cox, 2008).

Limitations

The following limitations to this study are worthy of discussion.

Baseline Normalization of Participants Across Control, Experimental and Non-User Groups.
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Although the quiz 1 performance results did not show statistically significant differences
between groups, additional normalization measures could have been exercised, including

measures of spatial orientation and cognitive performance.

Limitations of RCTs and Designing Repeat RCTs in Stringent Controlled Settings.

Since, the issue of neurophobia, in the context of neurology patient management, has been
widely associated with impaired understanding of neuroanatomy and its prevalence is
recognized despite widely available e-pedagogies (Flanagan et al., 2007; Youseff, 2009;
Giles, 2010; Sanya et al., 2010; Zinchuk et al, 2010; Matthias et al., 2013, McCarron et al.,
2014; Pakpoor et al., 2014), therefore, the educational efficacy of any future educational
intervention needs to be compared against the existing pedagogies, prior to its incorporation
into the mainstream curriculum design. RCTs would be useful choice from an experimental
design perspective. Of course, the possibility exist that the intervention’s effects could vary
by circumstance. Hence, it may be wise to design the experiment not just to assess the
intervention’s main effect but also to elaborate some of the conditions under which this effect

size varies.

In the same vein, we could argue that since the tools used in this study were not the primary
teaching method in the course, the small amount of time spent using the resources may partly
explain the lack of difference between the PCR scores of the experimental and the control
groups. A future experiment in stringent controlled settings, where participants use the e-
resources provided for a similar amount of time and are incentivized to devote a similar

attention-level, might reveal a significant difference in performance between the two groups.
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Institution-Bias and Single-Use Intervention Bias.

The study was conducted in a single institution (UCC) and therefore the results might not
offer a representation of the students’ opinions and performances at the national and
international levels. Furthermore, as the novel UCC tool was based on prior probing of
students from the same institution (Javaid et al., 2018, 2019), it may present an instructional
design bias towards the learning style of these cohorts of students. The results, while exciting,
need to be challenged by collaborating with and conducting similar experiments in other
institutions. Doing so, will also address the potential single-use intervention bias associated

with the results.
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Conclusion

The novel UCC tool assessed as part of this study was based on an instructional design
derived from our previous work. We had probed various aspects of existing neuroanatomy
web-resources to identify strengths and weaknesses. In addition, open-ended queries had
identified features that students found useful in studying the neuroanatomy of the spinal
pathways. In that perspective, the novel UCC neuroanatomy learning tool is more
representative of the students’ perception. The results from the present study imply that
students had a significantly greater belief in the instructional design of the novel online tool
as compared to the University of British Columbia neuroanatomy resource (Krebs, 2016) on
spinal pathways and that this higher appreciation partly translates into increased assessment
performance. With further improvement to its instructional design, this novel tool stands a
significantly higher chance to effectively break the prevailing perceived nexus between the
neuro (-anatomy-) phobia and the neurophobia, compared to available neuroanatomy web-

resources.
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General Discussion
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6.1 Overview

Technology has infiltrated every aspect of our lives with education being no exception.
Computer assisted, and e-learning resources have a significant role to offer to help students
learn from the comfort of their homes and in a custom-designed fashion which suits the
learning needs and style of each individual learner (Cook, 2007). In this thesis, we have
emphasized upon the role of technological e-resources as supplementary teaching tools to
address the limitations of existing traditional pedagogies, in the context of learning complex
neuroanatomical concepts and structural inter-relationships. This notion becomes even more
important while on-campus university teaching hours are being drastically cut down (Drake
et al., 2002; Heylings, 2002; Plaisant et al., 2004; Azer and Eizenberg, 2007; Drake et al.,
2009) and young medical doctors are consistently associating their impaired understanding

of neuroanatomy with a fear of managing neurological patients.

The most important element to be taken into consideration while developing any educational
product, is its instructional design. The prevailing problem of neurophobia could be
addressed by enhancing student-interest with the help of intelligently designed interactive
user-interface and clinical correlation of basic neuroanatomical facts. Hence, an exhaustive
review of the literature was conducted which identified gaps in the existing neuroanatomy e-
resources and eventually led to the development of the work presented in this thesis (Chapter
1). The novel neuroanatomy e-learning tool developed as part of this Ph.D., has attempted to
bridge such gaps by addressing the limitations of the existing neuroanatomy e-learning

resources.
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Next, we sought to provide direct evidence of the students’ perception regarding specific
difficulties associated with learning neuroanatomy and we identified the measures required
to address those issues (Chapter 2; Javaid et al., 2018). Results have shown that
neuroanatomy is perceived as a more difficult subject compared to other anatomy topics,
with spinal pathways being the most challenging to learn. The difficulty in understanding the
neuroanatomical concepts was found to be linked with intrinsic factors such as the inherent
complex nature of the topic rather than outside influences (e.g. lecture duration). Participants
reporting high levels of interest in the subject also reported higher levels of knowledge,
suggesting that developing teaching tools aimed at increasing interest, such as via case-based
scenarios, would facilitate acquisition of knowledge. Participants believed that newer
pedagogies, such as, purpose-designed Computer Assisted Learning (CAL) and online
resources could enhance neuroanatomy understanding and decrease the neurophobia (Javaid

etal., 2018).

Despite the abundance of adjunct teaching neuroanatomy web-resources, students and early
career physicians continue to report difficulties in learning and clinically applying
neuroanatomy. In this context, we identified the features of neuroanatomy web-resources that
were valued by both educators and students with regards to their pedagogical construct
(Chapter 3; Javaid et al., 2019). One resource was ranked highest by end-users and educators
in terms of clarity of explanation, step-wise teaching design, summarization of information,
control of instructional-pace, integration with neurophysiology, neuroradiology and clinical
correlates, deployment of pedagogical tools and factors for visualizing neuroanatomical

inter-relationships. These results provided a novel user perspective on the influence of
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specific elements of neuroanatomy web-resources to improve instructional design and

enhance learner performance.

The fourth chapter has described the development of a novel, interactive, neuroanatomy
learning e-resource developed at University College Cork (UCC), whose instructional design
or pedagogical construct has been informed by students’ and educators’ opinions acquired
earlier (Javaid et al., 2019). The e-resource provided information on spinal pathways through
a dynamic, interactive, step-by-step incremental learning approach coupled with a discussion
of the clinical interpretation of basic neuroanatomical facts to aid in neurological localization,

with the aim of successfully addressing the neurophobia in the future.

Next, we sought to evaluate the above-mentioned novel UCC e-resource against the
previously identified best-ranked neuroanatomy e-resources. Participants included medical,
clinical-therapies and neuroscience students. The knowledge of neuroanatomy of spinal
pathways was assessed using neuroanatomy quizzes (quiz 1 and 2); before and after the two-
week period of usage of the allocated neuroanatomy e-resources. Participants who did not
use the allocated resource were placed in the no-use (NU) group. Participants’ opinion
regarding usefulness of various components of the tools was gauged using a Likert scale-
questionnaire. When quiz 2 percentage correct response scores of the experimental group
were compared against the NU group. The increase in knowledge of spinal pathways was
found to be significantly higher than the control v. NU comparison. Moreover, the Likert
scale ratings revealed a significantly higher median rank-scores for the experimental tool (v.

the control tool) for learning the clinical neurological correlates. In addition, the stronger and
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significant correlations between the students’ perceptual opinion and their quiz 2 scores

imply that it enhanced students’ interest in neuroanatomy.

The data collectively suggests that the novel e-resource has shown promising results in
context of breaking the perceived nexus between the neuroanatomy-phobia and the

neurophobia.

6.2 Developing the UCC Neuroanatomy E-learning Tool: Pedagogical Constructs

To maximize efficacy, the instructional design of an e-learning tool should be informed by
user opinion, including students as well as educators. Such a user opinion for the
neuroanatomy e-resources had been previously missing in the literature. The instructional
design of the UCC tool has been informed from the principles of cognitive load (Paas, 2003)
and Mayer’s multimedia theory of learning (Mayer, 2003), and from the adult learning theory
principles (Huang, 2002). Most importantly, the novelty of the tool lies in the fact that the
tool design has taken into consideration the opinion of the users, namely the medical and
health sciences students, regarding factors which they considered most useful for learning

neuroanatomy (Javaid et al., 2019).

In the above-mentioned context, the thematic analysis results from Chapter 3 suggested that
students prefer easy, simple explanation of facts while avoiding unnecessary detail. The UCC
e-learning tool has been designed to provide simple explanations for neuroanatomical facts
which are brief, compact and to-the-point, unlike the lengthy, text-based explanations used

by many existing e-resources.
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The results from Chapter 3 also revealed that students favor an instructional design in which
the information is conveyed in a step-by-step manner facilitating a gradual and incremental
increase in their knowledge. This allows the overall mental load to remain within the confines
of the working memory capacity of the learner at every learning stage. The UCC e-learning
resource has incorporated multiple slides into its neuroanatomy learning modules. Each new
slide offering incremental information, which has been serially linked with the preceding
one, thus giving students the opportunity to assimilate the learnt-content in a gradual,
systematic manner. On the other hand, many of the existing e-resources, have the entire

neuroanatomy content condensed into one text document, making learning less accessible.

Repetition was also one of the themes identified from the qualitative analysis. The quiz
section and the interactive exercise has offered an opportunity to the learner to revise the
information learnt earlier, in an interactive fashion. Thus, offering the learner added

familiarity with the material and reducing the perceived complexity of the topic.

6.2.1 Interactivity of the Pedagogical Construct of the Existing Neuroanatomy E-resources
Most neuroanatomy web-resources have offered only a limited basic-level interactivity to
actively engage the users. This included interactive buttons for text-based description,
rollover image labelling with immediate feedback and rotation and panning of 3D models.
O’ Byrne and colleagues imparted a fade-through image function with the help of a sliding
bar that could be used to serially move across sectional representations of the brain (O’Byrne
etal., 2008). Interactive questions including MCQs, fill in the blanks, picking correct answers
from a list of structures, had been provided by Choudhary et al. (Choudhury et al., 2010).

Mobile-based 3D applications, such as, 3D4Medical (http://bit.ly/3D4Medic) and Visible
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Body (http://bit.ly/visBod) permitted virtual dissection by allowing students to select and

manipulate complex anatomical structures for better visualization (Lewis et al., 2014). e-

Anatomy (http://bit.ly/eAnatom) and other similar apps (Brain MRI and Brain MRI Atlas)

allowed users to scroll through multiplanar MRI sections and to selectively label specific
neuronal structures. The above-mentioned examples show that much work is still left to be
done both in developing and evaluating new instructional systems which could impart a

greater level of interactivity.

The novel UCC tool has enhanced upon the interactivity of the e-instructional design by
offering opportunity to the users to actively trace and draw the entire neuronal pathway. An
interactive exercise follows each learning station in which the user is required to upload a
specific cross-sectional image of the CNS along the course of the spinal pathway. The user
is then required to select the correct location of the spinal pathway within the uploaded cross-
sectional image. Incorrect response prompts the user to try again, while a correct response
highlights the location of the spinal pathway and traces the pathway of the neuronal tract
from its location in the preceding uploaded cross-section. At the end of the learning module

the user has actively traced the entire course of the spinal pathway.

The self-learning interactive nature of the UCC e-learning resource, allows the learner to
control the pace of his own learning and to choose the level of detail in the instructional
resource. Doing so, enables the learner to custom-titrate the intrinsic cognitive load imparted

by learning, to his working memory capacity.
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We believe that this interactive design feature could be further enhanced with the help of
augmented and virtual reality technology which could offer a deeper immersive learning
experience to the users as they trace the course of the spinal pathway through different
regions of the central nervous system. In this context, Kugciik and colleagues (2016) devised
an augmented reality application to enhance the learning experience from a neuroanatomy
review book (Kii¢lk, 2016). More advanced AR applications could be designed along similar
lines, where the students could draw and trace the entire spinal pathway in an immersive
learning environment. The augmentation of reality could be achieved through AR mobile-
based applications or provision of headsets. Richardson- Hatcher and colleagues provided
an immersive learning experience for the students to learn the anatomy of the trigeminal
nerve using VR headsets (Richardson- Hatcher, 2014). Similar, fully immersive virtual
reality interactive learning experiences could be devised for learning the spinal pathways as

well.

6.2.2. Clinical Neurological Correlates in Neuroanatomy E-resources

The fear of applying basic neuroanatomical concepts onto clinical situations can be better
addressed by teaching the basic science facts in a clinical and practical context.
Unfortunately, only a very few 3D models / atlases had focused on teaching the clinical
correlates of neuroanatomy to the students, including the localization of neurological lesions.
For instance, Nowinski and Chua have developed a 3D interactive atlas of neurological
disorders with various lesions synthesized over the 3D brain model (Nowinski and Chua,
2013). The 3D atlas describes the resulting disorders and clinical presentations associated
with the lesions, however, it is limited in terms of describing the underlying neuroanatomy

and neuroanatomical deficits associated with these lesions. In addition, a nerve lesion
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localizer was developed by Lewis and colleagues, but their software only described the facial

nerve lesions (Lewis et al., 2011).

Previous findings by our research group have shown that medical and other health care
disciplines students perceived that case-based teaching increased their interest in
neuroanatomy (Javaid et al., 2018). As more and more horizontally and vertically integrated
curricula are implemented in health sciences education programs, supporting e-resources
with focus on describing and linking basic neuroanatomy with its clinical correlates, will

provide added benefit to the users.

The UCC e-learning tool was designed to deliver the neuroanatomical details in a clinical
context. The module commenced with a brief description of a clinical scenario. In addition,
the clinical interpretation of the patient-presentation was discussed at the end of the module
to help users revise the information in the context of learning the art of localization of
neurological lesions. Doing so, challenges the learners to exercise a higher-level
understanding and application of neuroanatomical facts, further consolidating the usage of

acquired knowledge.

6.3 Assessment and Evaluation of the Existing Neuroanatomy E-resources

Innovative teaching aids are constantly being developed for learning neuroanatomy and
visualizing neuroanatomical spatial relationships, however, many of the 3D neuroanatomical
tools have not been evaluated in educational settings (Nowinski et al., 2009a; Nowinski et
al., 2009b; Nowinski and Chua, 2013; Adams and Wilson, 2011). Out of those which have

been evaluated, some lack objective or quantitative evidence as most of the evidence revolves
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around subjective student / learner perception and satisfaction (Palomera et al., 2012;
Palomera et al., 2014; Gould et al., 2008; Petersson et al., 2009), which alone is insufficient
to inform us about the impact of the incorporation of technology resources into anatomy
education (Clunie et al., 2017). On the contrary, DeFaria et al. (de Faria et al., 2016), Stewart
et al. (Stewart et al., 2007) and Werkmeister et al. (Werkmeister, 2015) did employ a
quantitative assessment by gauging students’ performance scores but they were deficient in
acquiring students’ perceptual opinion/s. Lastly, some 3D models, such as that of the cranial
nerves, described by Yeung and colleagues did not increase student knowledge of
neuroanatomy as compared to the traditional text and image-based materials, despite

students’ preference for using the 3D models (Yeung et al., 2012).

6.3.1 Quantitative and Qualitative Assessment of the UCC E-learning tool

The novel UCC e-learning tool developed as part of this PhD research project, has been
evaluated by undergraduate medical and neuroscience students. The e-resource was
evaluated quantitatively using neuroanatomy quizzes before and after offering access to the
students for using the tool. This was also accompanied by acquisition of their perceptual
opinion about the usefulness of various features of the tool using Likert-scale questionnaire.
The results showed an increase in students’ knowledge of neuroanatomy (quantitative
results) and provided a stimulating learning experience (qualitative feedback) to the students.
The use of innovative teaching aids along with traditional teaching methods will provide
greater self-directed learning opportunities to the students and hence will offer the students
an increased opportunity to better interact and engage with the staff during the limited on-

campus teaching hours.

230



Chapter 6

Quantitative results demonstrated an increase in students’ knowledge of neuroanatomy of
spinal pathways as compared to those who did not use any allocated e-resource. As compared
to the participants in the latter category, the increase in knowledge was significantly higher
for participants who used the UCC online tool versus those who used the previously highest
ranked resource devised by the University of British Columbia. The stronger and significant
correlations between the students’ perceptual opinion and their quiz 2 scores imply that the
novel tool enhanced students’ interest in neuroanatomy and participants intuitively favored
the pedagogical construct of the UCC e-tool. The UCC e-resource shows promising results
with respect to breaking the perceived nexus between the neuroanatomy-phobia and the

neurophobia.

6.4 Rank-order Listing of Neuroanatomy E-resources

Limited attempts to publish ranked-order lists of anatomy and neuroanatomy resources have
been made in the past, however, these were not specific to neuroanatomy (Kim et al., 2003)
or were non-comprehensive (Sharrow, 2015). As part of this PhD research project, a
comprehensive list of neuroanatomy web-resources has been formulated, based on a criterion
rooted in the principles of cognitive and adult learning theories and web-user interface
features, providing a referential framework for ranking and selecting online content for

incorporation into neuroanatomy curriculum.

6.5 The Role of Technology and the Future of Neuroanatomy Learning
In an era where the current cohort of students are referred to as the ‘Net Generation” with
most students using smartphones and laptops for educational purposes (Khatoon et al., 2014),

the use of innovative technological teaching methods has demonstrated an increase in student
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satisfaction and interest in the taught course (Mitov et al., 2010; Vuchkova et al., 2012),
improved confidence for clinical sessions (Hanson et al., 2016) and improved examination
scores (Obrez et al., 2011). In the future, we will see an increased incorporation of innovative

educational tools to supplement the traditional neuroanatomy teaching methods.

6.5.1 Computer simulations

There is increasing evidence that simulation provides high-quality, time-effective training.
Since learning is correlated with the level of involvement (Bergman et al., 2008), interactive
and problem-orientated learning adds interest and aids in long-term retention of knowledge
(Turney, 2007). With improvements in computational power and advancement in visual and
haptic display technologies, virtual surgical environments can offer benefits for surgical
training, planning, and rehearsal in a safe, simulated setting. Such-simulations can also be
effective for university students to learn anatomy by visualizing and interacting with internal

organs.

Several different simulators are available at the neurosurgeon's disposal for simulating
procedures, such as, endoscopic third ventriculostomy (Weinstock et al., 2017),
ventriculostomy catheter placement (Lemole Jr et al., 2007; Kirkman et al., 2014),
percutaneous spinal needle placement (Kirkman et al.,, 2014), cranial neurosurgery
(Choudhury et al., 2013), cerebral angiography (Kirkman et al., 2014) and various trauma-
related clinical skills including incision planning, burr hole placement, craniotomy,
ventriculostomy and catheter placement (Lobel et al., 2013; Schirmer et al., 2013).
Unfortunately, the major limitation linked with simulation softwares is that they are too

expensive for use by medical students in neuroanatomy learning. Moreover, the technical

232



Chapter 6

challenges also limit the application of virtual surgical environments. In addition, 93.5% of
the commercially available simulators have not been tested for validity to ensure adequate,
safe, and affordable medical psychomotor skills training (Stunt et al., 2014). Despite the
above-highlighted limitations, we predict that, as the cost comes down in the future with a
widespread availability of technology and the technical challenges have been overcome, an
increased employment of simulation-softwares will be seen in medical education and medical
skills training that require physical actions. We propose that if the above-mentioned
limitations have been catered for, then many of these digitally created 3D models could be

3D printed and used as simulation devices for training and education.

6.6 Changing Concepts of Neuroanatomy Teaching in Medical Education

Despite the abundance of neuroanatomy e-resources, the phobia of managing of neurology
patients and the associated neuro (-anatomy-) phobia, still prevails. The results from our
research project reveal that the increase in knowledge of neuroanatomy was significantly
greater for students who used the UCC e-learning tool v. the NU-group as compared to the
control v. NU-group comparison. Although the UCC e-resource was positively perceived by
the students and they enjoyed learning neuroanatomy from it, however, the increase in the
knowledge was not significantly greater than those who accessed the available best-ranked
e-resource. These results highlight, on one hand, the importance of designing better e-
learning resources whose pedagogical construct is rooted into the principles of human
cognitive architecture, but on the other hand, also underscores the significance of assessing
e-learning resources in the broader context of various other factors pertaining to the

neuroanatomy syllabus and its curriculum design.
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6.6.1 When in the Curriculum Should We Teach Neuroanatomy?

Neuroanatomy is being taught in a myriad of ways in universities across the globe and the
manner in which neuroanatomy should be taught to undergraduate medical students, should
be assessed as well. Previously, most medical school curricula emphasized upon teaching the
essential basic science neuroanatomy in a traditional, lecture-based fashion following
Essentialist principles. Over the passage of time, there has been increased adoption of a
flexible, student-centered, experiential curricula which are more Progressivist (Hazelton,
2011). It appears that students and practitioners currently experience challenges
incorporating their early neuroanatomy teaching into patient care. In the context of the shift
from an Essentialist to a Progressivist approach, the best time for teaching neuroanatomy
needs to be revisited. Should neuroanatomy be formally taught by academic anatomists, with
most of the instruction taking place in the preclinical years? Or should the subject be taught
sometime later, perhaps as part of a vertically integrated curriculum with clinical neurology
or even as part of a spiral curriculum where the material is revisited multiple times with

increasing complexity to reinforce learning.

6.6.2 What Neuroanatomy Should be Taught?

In the recent years, the number of neuroanatomy teaching hours have dropped and there is
an increased pressure on teachers of neuroanatomy to justify its place in the curriculum
(Drake, 2002; Hazelton, 2011). In this context, the entire neuroanatomy curriculum should
be revisited; regarding what needs / need not be taught during undergraduate medical
education. We evaluated participants’ knowledge of the spinal pathways, however,
intelligently designed e-resources should also be designed for other areas of interest in

neuroanatomy. Most educators would agree that the amount of neuroanatomy that students
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learn should in some way be determined by what they will need in order to practice medicine
and neurology. Afterall, the main goal of the neurological exam is to geographically situate
the affected structure with the CNS, or ‘locate the lesion’. Various core curricula could
provide a guideline regarding what is expected for a recently qualified medical graduate to
know in order to carry out many clinical procedures safely and effectively (Moxham, 2015).
The call for increased integration between neuroanatomy and clinical neurology, demands
that the educational efficacy of the e-learning resources should be assessed over a long time
to evaluate their impact on improving students’ knowledge of clinically relevant

neuroanatomy topics and neurophobia-alleviation.

6.6.3 How Should We Teach Neuroanatomy?

A question which reasonably arises is that how neuroanatomy teaching should change to best
meet the needs of this generation of students. Three commonly used pedagogies in
neuroanatomy, namely hands-on dissection, problem-based learning, and CAL, each have
their own advantages and disadvantages. Dissection / inspection allows students to learn
neuroanatomy in detail, including normal anatomical variations, and takes advantage of fully
exposed structures. Problem-based learning, as its name suggests, focuses on solving realistic
clinical cases rather than rote memorization. CAL, meanwhile, provides wealth of teaching
material to students to work through at their own pace: 3D brain scans, photographs of
dissected specimens, high-resolution histological images, and explanatory videos. In my
opinion, all of these pedagogical methods should be employed in various settings and at
various times in teaching neuroanatomy, because they are complimentary and reinforce each

other.
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6.6.4 Students’ Learning Preferences

It is important to recognize that medical student populations are more heterogenous and
learning preferences more diverse than they used to be. In my opinion, we must use a variety
of different teaching methods; some of the tried-and-true experiences such as cadaveric and
specimen dissection, but also more flexible exercises that involve problem-based learning

and digitally available materials (Chang and Molnar, 2015).

As technology advances and philosophical underpinnings of medical education continue to
shift, it becomes ever more important to examine our assumptions and practices. Although it
is still not entirely clear where these changes will take us, those involved in neuroanatomy
education will need to respond to the evolving environment in a way that leads to improved

student learning outcomes, and ultimately improved patient care.

The data presented in this thesis collectively shows that the current generation of students
express a positive appreciation for the computer assisted and e-learning resources. Hence, if
such e-resources are intelligently designed in the context of the guidelines proposed by the
cognitive and adult learning theories, they can serve as powerful adjunct learning tools to
supplement the traditional pedagogies in an attempt to address neurophobia and improve
neurology patient care in the future. We have shown in this thesis that the UCC e-learning
tool enhanced students’ interest in learning neuroanatomy and significantly improved their
knowledge of neuroanatomy compared to those who did not use the allocated e-resources.
However, the robustness of this tool needs to be challenged and further studies should be
conducted in various other institutions across the world and over a longer prospective time-

period. Nonetheless, this is an exciting time for neuroanatomy teaching and integrating

236



Chapter 6

technology with traditional dissection / prosections and lecture-based pedagogies could lead

to better clinical trainees in the future.
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UcCcC

Coddiste na hOllscolln Corcaigh, B
u Uinkvarnily Colaga Cork, Inskand

Neuroanatomy Education Questionnaire

Please read the fallowing instructions belare procesding with the questions,

The survay Is being conducted by the Department of Anatomy and Neurosclence at University
College Cork (LCC), reland,

The survey is part of a research project to identily the areas of difficully in neurcanatonmy
ecucation. The data acquired from this sureey will help us in creating an online, freely accessible,
neu iy wieh .

Please naote that your participation in this survey Is voluntary and anonymosus. Your participation
{or nat), will ot inany way influence your grades or perfformance evaluations. You may skip any
gquestion for any reason,

For commaents or questions please contact Dr, Muhammad Asim Javaid, Department of Anatomy
and Meuroscience, UCC at muhammad.ajavaid@uce.ie. Your leedback is very imponant for us.
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i liscoile Corcaigh, Ere

Godaga Co, Imiard

UuCC

Link
Neuroanatamy Education Quastionnaire

1. Pleasa siale your gancder.

Msle

Famaa

2, Which programema are you currenty enrolkad in?
DRt ardry Ml ng
Graduais eniry 10 medons
Sipmannid anid languagn Meragy
Docupmional iherapy

Dbl

3, wWhat is your corrent yaar of study in yow programme?
18 year
2nd year
and year
AN yoaar

B e
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4, What |2 your highsa! prisadus quiihcaton ?
Laing Len | A lnk
Wit (rokagieal sosess
WIS {Ion g st )|
IS0 (D Okogicl B
il (o b oiog os) s enoes)
Beomuaiical srisrons dsgres
Wi cal degren
enial degres

Ot (phase 5 pec iy}

&, In which year did you siandicomplale your nedroanatomy maduks in UCCT
ETTT
2014
2013
01
ETH

Poricr 0 2014
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w LICC

'-u-r' Coldlate na isoolla Cocalgh, Bee

Linksrnily Golagn Dok, Inlara

Neuroanatomy Education Quastionnalre

For quastions o, 6 1o 11, please salect the NiA option tor any particular area of anatonry which you
have not studied as part of your gross anstemy curdeulum,
6, Mo el you rate this Tallosing areas of systemic anatamy in leme ol ther degres of dificuity?
L] [ camialn Lawy iy sy Wis
Candimmscuinr anstony
Gl shng ansoy
Can oAy anainey

Bu skl
anaey

Bl manatomy

Fekin andd mpmdicive
anagey

Fras rlnry syshns
Anay

¥ e wanild you desonbie your cunrent knowlecgs in e following ares of systemic anslomy?
ey bmiad Limvied Whadurali Gnod Wy o Fii'd
Candrnscuar Ansony
Rl e ) STy
Cniinurnary analnsy

Fuscinskeala
anajry

Paumanay

Bakic arl il
Al

Fiemp minty syshns
anakey
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8. On a scale of 1 {very low) to 5 (very high), how would you rabe your level ol interest in tha lollowing
areas of sysiemic anaiomy?

Canditvascar ansionmy
Casroinde i nal Bnaony
CeTioUnary analney

Muscunskeela
analoey

M manaioiy

Pakic and mpoducive
analoy

Feapmlony sywen
anajomy

8, Hiote wald you rate the fallowing aneas of regional anatormy in terms of ther degree of dflicutty?

ry AUl Dottt Micdarain Easy “ary masy il
Ahdaminal analomy

Heai anad neck negional
anajomy {Esciudng
Meumanmicmy]

Lower imb analosry
Meumanaicmy
Fekeo analoTy
Thomos ssalnng

Ui it analoy

10, Hovty wourkl o describie your currenl knovledge in the following areas of regonal ansionmy?

ey bmimd Lirmted Micdrmin Good ey good M
Ahdaminal analomy

il s ik raginng
LUCTRE TR
Heumanaiemy]

Linwnr it analoey
Beiifpansieny
Pahic snalnmy
Trorace analnny

Ui it analoy
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11. O A seale of 1 (very low) ta 5 {wery gh), how would you rate vour level of inarest in the folloaing
areas of regional anatonmy?

Abdorinal sralony
Head and neck regional
anaicmy {Eniuding
Heurmanaicay)
Lirwer Iimib anaiomrsy
Beurmanatomy

Peheo analomy

Trorace analnmy

Upper kmb analosry

12, Howr cartident would yau be in assessing and diagnosing patients with probkams related to each of the
fallerading reedical specialties? (Please answer this question only i you are a linal year medical student in
YOU PROgQrami).

Modsraisy
eery unceran Uncertam oonfident Conlhdent Wery onhdeni Mk

Endocrinciogy
Gasiroe merology
GEriincs
Baephmicgy
Beumiogy
Foeupiralny
(Pulreniogy)

Fhay makgy

13, Ho ey ar dilficult is newmoarataomy comparstd o olber iopics ol analomy?
very easy
Lemy
Hether easy nor dificul
Diffizul

vy diffeul
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UucCcC

Coddiate na WOllscoile Corcaigh, Er
u Unksgrnily Colaga Cork, Inskand

Neuroanatomy Education Questionnaire

14. On a scale of 1 (& minor cause) to 5 {a major cause), how would you rate the followang taciors in

rmaking meursanaiomy chalkenging o keam?

1 2 3 4

ArTEss b neurnanaln my
IrdoreTEanon onins

ALCEES DO M DANGn My
nehonks

Appreciating the 30
relbnshipe. of
abruciures of the cénkal
TETUOLES SYsiEm

Compesaty of The Kpe
Lecdure duralion

Memonzng

2L MO T R
LeTRinCingy
remenclane)

Tola) Lree spenlm
FLAME Iatsdismctan
Lo

Understanding the
chnica aspecis of

U ANy Such i
Incalzation of nerve
[F5

Visuslizaion ol
alrucures on
prossciions of the ceniral
MEraLs Sysiem

Pliaasa axplan any oihar neascna which yeu 1hink maght coniibabe o smakng feurcanaomy dffcu?

Hid

m
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16, On a scale of 1 (least ditficult) 10 & (most dificelty, how difficult o s 1o arderstand the falloeang opics in

neuroanatanmy?

Anenial and vencus
dradnage of i ceniral
NN SESiEm

ALy sysiens
RUnOmic oS

ayvishens (s pathelic and
Ayl

Basal i
Briirlan Ggiun

Ceretiel um and is
[ e L

Caretiral conex

CTENE Narve niscke
(RanROry & Mo,
anealic and wetanl,
ganaril and spacia)

Cranial nanes

niemal and sxiernal
siructure of e spinal
0]

Lisnkap srysbem

Bl FyTR i, VENITIE Laf
ke and e
caraleiapral A

Moior pattways such as
ooricospnal raci

Meunshsioogy

Sunsory palivawy esons

Sensory paliairys such
as spnsihaame, comsal
eoiumn and
apnocanaela

il ity

Trigermnal sersony and
oo sysiEm

Wastulr e sions of ta
medula chicngaa, pons
and sid-brain

vegiliiar sysiem

i ] 3 f g Hi&
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Wual pafways ol
Iskon, weual relleies

In a0 Nioss menionsd above, is D oy speclic K which 6 ol undegand?
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17, O o s 08 L (rof uselul) o5 (eery useiul), hoe woukd oo rabe T uka:n{:y af rearcanslomy
computer picled lsarring resourcas n anhancing the lallosng ?
i H] i [ ] Hii
Comlod mval n thi
siibjor
Conlnnos in
e kng wih

i Wi
raumiegical probiemrs

Enivenige of ihe jc

18, I applicable, and on m seale ol 1 {sery low) e 5 (very high), please rabe ibe mporance ol case based
leaming (chnical scanmnas) durng pre-chinical neuroanaiony leaching

1 2 1 a ]

16, I applicable, and on @ scale ol 1 (nol helphd) o 5 (very hislplul), how helphal was your basic sclence
neroasalomy knawacke whan apphed o climcal years?
i 2 i a ] A

20, Hire wouikl wou rals i aflect af clinkeal cose-based maching on yous lavel ol nberesl n
nEroanalamy?
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UucCcC

Goltiata na hlisooile Gomeigh, Ere

Linkarmily Cobaga Gork, Inskerd

Neuroanatomy Education Quastionnaire

We intand to develop an online neursanatomy learning web-resource in the future, in light of the
feadback which we obtain from you. We refor to i, in questions no. 21 to 24 as a "PURPOSE-
DESIGNED COMPUTER AIDED NEUROAMNATOMY LEARNING RESOURCE".

21, The "PURPOSE-DESIGNED COMPUTER MDED NEUROANATOMY LEARMNING RESOURCE" can
help in addressing some ol the problems sath nearoanatomy leaming

Senrgly disagres Cisagne Heutmal Ages SImngy agren

11
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22, On a scale of 1 (wery low) ta & (very Ngh), 1o what extent do you think the falloeing componants of the
‘PURPOSE-DESIGNED COMPUTER AIDED NEURCANATOMY LEARNING RESOURCE” could imgrove

the leaming'ieaching o nesoanatomy™?
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23, The "PURPOSE-DESIGHNED COMPUTER AMDED MEURCAMATOMY LEARMING RESOURCE" woukd
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24, Wil you like 10 ssgoest a speciliciungue way inwhich each component (menbaned in guestion na.
22), can be used in the fuure, within this "PLURPOSE-DESIGNED COMPUTER AIDED NEUROANATOMY
LEARMING RESOURCE" o imgiroye thi leamingfeaching of neurasnatamy? (please specily)

_—— |
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25, Please feel Iree to write your additional comments below,

253




Appendix 2
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Consent Form for Neuroanatomy Education
Questionnaire
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Department of Anatomy and Neuroscience, UCC

~ U DEPARTMENT OF ") >
& ANATOMY & A<
DAL/ NEUROSCIENCE ~

" UNIVERSITY Yy N

Project information for research participants

Design of an Online Translational Neuroanatomy Teaching Web-Resource at UCC

Investigators: Dr. André Toulouse, Dr Harriet Schellekens, Prof. John Cryan, Dr.
Muhammad Asim Javaid

Study Location: Department of Anatomy and Neuroscience, University College Cork, Cork,
Ireland

Purpose of the Study. This study is concerned with identifying and reviewing areas of
difficulty in neuroanatomy teaching to medical (graduate and direct entry), dentistry,
occupational, speech and language therapy students, at University College Cork (UCC) with
the aim of designing an online teaching resource to complement classroom delivery.

What will the study involve? Before the start of the study, you will be asked to sign the
attached informed consent form. You can retain this information section. You will be handed
a questionnaire at the end of a lecture session. There will be 22 questions which take
approximately 10 — 15 minutes to answer. You will be asked to complete the questionnaire
and return it to us before leaving the lecture room.

You have been asked to take part in this study because the overall aim of the research project
iIs to create a novel, online, neuroanatomy learning web resource to complement
neuroanatomy teaching to the students at UCC. The web resource will be created based on
the feedback we obtain from your answers.

Your participation is entirely voluntary and we greatly value your input. Whether you
participate or not, will not in any way influence your grades or performance evaluations. The
survey is anonymous. Please do not add your name or student ID on this form.

The data will be kept confidential for the duration of the study. On completion of the thesis,
they will be retained for a further six months and then destroyed. The results will be presented
in an MD thesis and may be published in a research journal.

Any questions/queries will be addressed by contacting the researcher, Dr Muhammad Asim
Javaid (Muhammad.ajavaid@ucc.ie).

This study has been reviewed and approved by the Social Research Ethics Committee at
University College Cork.

If you agree to take part in the study, please sign the consent form overleaf.

We would like to sincerely than you for your participation in this study.
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“ U DEPARTMENT OF ") >
S [)f ANATOMY& (<

- NEUROSCIENCE ~;

O UNIVERSITY COLLEGE CORK Y
N /

NN

\

Consent Form

Design of an Online Translational Neuroanatomy Teaching Web-Resource at UCC

L L (BLOCK PRINT) agree to participate in this

research study.
2. The purpose and nature of the study has been explained to me in writing.
3. | am participating voluntarily.
4. | give permission for my data to be used for further analysis and research
5. lunderstand that my participation will not affect in anyway my grades/exam performance.

6. | understand that anonymity will be ensured in the research process.

RS Ver 6 2/11/07
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Appendix 3

Ethics Approval from SREC for the Neuroanatomy
Education Questionnaire
(Approval Granted 03/07/2015)
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UCC Social Research Ethics Committee (SREC)

ETHICS APPROVAL FORM

Name of applicant Dr. André Toulouse Date: June 6, 2015

Contact Details Phone: (021) 4205477 Email: A.Toulouse@ucc.ie

Department/Unit Department of Anatomy and Neuroscience

Title of project Design of an Online Translational Neuroanatomy Teaching Web-
Resource at UCC

YES NO
1 | Do you consider that this project has significant ethical implications? X
2 | Will you describe the main research procedures to participants in X
advance, so that they are informed about what to expect?
3 | Will participation be voluntary? X
4 | Will you obtain informed consent in writing from participants? X
5 | Will you tell participants that they may withdraw from the research at any X
time and for any reason, and (where relevant) omit questionnaire items to
which they do not wish to respond?
6 | Will data be treated with full confidentiality / anonymity (as appropriate)? X
7 | If results are published, will anonymity be maintained, and participants X
not identified?
8 | Will you debrief participants at the end of their participation (i.e. give X
them a brief explanation of the study)?
9 | Will your project involve deliberately misleading participants in any X
way?
10 | Will your participants include schoolchildren (under 18 years of age)? X
11 | Will your participants include people with learning or communication X
difficulties?
12 | Will your participants include patients? X
13 | Will your participants include people in custody? X
14 | Will your participants include people engaged in illegal activities (e.g. X
drug taking; illegal Internet behaviour)?
15 | Is there a realistic risk of participants experiencing either physical or X
psychological distress?
16 | If yes to 15, has a proposed procedure, including the name of a contact

person, been given? (see no 23)
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DESCRIPTION OF THE PROJECT

17. Aims of the project:

To identify and review the areas of difficulty in neuroanatomy teaching to medical (graduate
and direct entry) dentistry, occupational, speech and language therapy students, at University
College Cork (UCC) and create an online, translational, blended, interactive neuroanatomy
learning web resource to complement teaching in the areas identified.

18. Brief description and justification of methods and measures to be used

Once the information about the study has been provided and consent obtained, a self-
administered neuroanatomy questionnaire will be distributed among the above-mentioned
student cohorts (see question 17) inside the UCC lecture rooms. The questions will pertain
to (1) difficulties in neuroanatomy vs. other topics (2) possible reasons and (3) ways to
address those difficulties/limitations by creating a novel online neuroanatomy web resource.
The survey will comprise of open and closed-ended questions, Likert scale based and rating
(scale of 1 to 5) questions (Please find a copy of the questionnaire attached with the
application). This survey-based study is very important as the feedback obtained from the
students will guide us in designing the online neuroanatomy learning web resource.

19. Participants: recruitment methods, number, age, gender, exclusion/inclusion
criteria

Medical (graduate and direct entry) dentistry, occupational, speech and language therapy
students, at University College Cork (UCC) will act as the potential participants. Students
from all years of their programs; except the first year students who would not have studied
sufficient neuroanatomy, will be invited to fill in the questionnaire. The questionnaires will
be distributed inside the lecture rooms after the lecture time. Students will be requested to
fill it and return it to us before leaving the lecture room. We aim to recruit approximately 120
participants from the various cohorts across the five programmes. Participation will be
voluntary, we therefore expect that the gender, race or age balance will be reflective of the
student cohorts selected. Prior informed consent will be obtained and queries will be
addressed.

20. Concise statement of ethical issues raised by the project and how you intend to deal
with them

We don’t envisage any ethical issues raised by the project. The forms will be anonymous and
will be secured in a locked filing cabinet inside the principal investigator’s office with limited
access only to the named investigators. The data will be entered online and secured in a
password protected computer. Complete anonymity will be ensured throughout the processes
of data analysis and publication. Participation will have no bearing on classroom assessment
and performance.

21. Arrangements for informing participants about the nature of the study

An information session will be held in each class and written information regarding the study
will be provided to the participants as part of the consent process (see attached consent form).
Participation will be entirely voluntary. Any questions/queries will be addressed verbally, if
any arise.
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22. How you will obtain Informed Consent
Written informed consent form will be obtained before the commencement of the study.
(Please find the informed consent form attached with the application)

23. Outline of debriefing process (cf. Question 8). If you answered YES to Question 15,
give details here. State what you will advise participants to do if they should experience
problems (e.g. who to contact for help).

We don’t envision any problem or discomfort arising among the participants after filling in
the questionnaire. However, any questions/queries will be addressed; before as well as after
the study. For additional questions/comments later on, participants would have the option of
contacting the researcher at the following email address: Muhammad.ajavaid@ucc.ie

24. Estimated start date and duration of project.
September 2015 to August 2017 (duration = two years)

Signed Date
Applicant
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Appendix 4

Author Evaluation Form for Assessment of
Neuroanatomy Web-Resources
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Questions
Categories
c Has the authorship been disclosed? (author's name/contact
= ~. |linformation/credentials/institutional affiliation)
g 8 2 |[lis the information referenced or bibliographied?
::: § :é é é Is the neuroanatomy information accurate (content-wise)?
Y £ £ 2 G [Arethereany typos or grammar mistakes?
up-to-date Have the website’ pages been dated?
Has the target audience been mentioned?
Is an instructor available to guide or address queries? (for home
institution/outside users)
g Have the learning outcome(s) LO been mentioned for the users?
] If yes, then:
3 1)Has the content topic (to-be-learned) been mentioned in the LO?
.tén 2)Has the required level of knowledge has been stated in the LO?
% 3)Has the LO been articulated as per Bloom’s taxonomy?
4 4)Has the context in which learning will take place been mentioned?
o Are the followings present?
é 1)Comments-sections underneath the web-pages
v 3 2)Discussion forum
§ é 3)Bulletin board
g o € 4)Chat room
2 % § 5)User-groups
5 8 _5 6)Listserv for subscribers
< B § 7)Learners having the provision of emailing the instructor or web-master
§ g § 8)Learners having the provision of emailing other learners.
O s £ Are students able to comment regarding the site/the course/the instructor?
" o Does the web-resource list advantages of using the package, such as:
*qc'; 5 o 1)Better exam performance
S 8 2 2)Clinical relevance
= S 3)Relevance to understanding research in the field
v o 9
£ €5 4)Others
% § g Have some motivation quotes, peer-advice or success stories (from alumni)
T o9 been included in the web-resource to motivate the learners?

262




Appendix 4

Are instructions (or tutorial) available to explain how to use the web-material?

Has the information been organized into headings and sub-headings?

Is there a sequential or logical link between the headings and sub-headings?

Has a table-of-content or a flow-sheet of topics been provided?

Is the formatting consistent? (usage of similar colours, image styles and fonts
throughout all pages of the website)

g Have the learning outcomes been disclosed up-front?
S Has bold text been used to highlight important concepts?
= Have links been embedded within the text to interconnect relevant web-
3:-'_ segments?
IS Is a glossary of neuroanatomical terminologies available? OR have the key
§ terms within the text being linked to the glossary?
3 Have the key points been summarized at the end of each topic?
< Does the web-resource state more facts than opinions?
v 3 § _§ Have various viewpoints or theories been acknowledged by the author?
g ‘; ° < % o ||Are advertisements present?
© § 5 8 % <[Does the website have a sponsor oris selling a product?
Is the information provided comprehensive?
Have resources/links/materials been provided for future further self-directed
learning?
Has feedback been acquired FROM the students at the end of each topic taught?
Has formative assessment and feedback been provided TO the students
Are the personal choice helpers (such as frequently asked questions-section,
search box, online help section) present?
Is some advice included? (Guidance, tips and tricks, do’s and don’ts, etc.)
(Hint: For instance, regarding how to effectively read the material and learn
neuroanatomy, or regarding managing patients or preparing for licensure exams
Are the basic navigation features present (forward or next page/backward or
previous page/main menu/save/exit buttons/zoomin & out, etc.)?
Does the page title provide an accurate description of the page-content?
T Is it possible to find necessary information easily from the homepage?
i S Does each page offer a direct way to return to the homepage (separateicon,
2 Z link)?
§ £ Is the formatting consistent throughout all pages of the website (following the
-g é same colours, image styles and fonts)
E 2 Is the website navigation highly intuitive?
g .% Is the website-interface mobile-adaptable?
g .%0 Do the links and hyper-links inter-connect different sections of the website (and
w 2 perhaps relevant external web-pages)?
Is the website accessible via all main search engines and browsers; Google,
-$ © D Safari (for Mac), internet explorer?
= 2 ﬁ Are special ‘plug-ins’ required?
g § —; § Is registration or password required?
o 9 g 3 Is web-material readily downloadable?
® .
. § % %D Are the students being encouraged to ask questions, such as? What do you
g é = § '5 think they learned from this experience? OR (In an assessment setting) what did
o § % = 5 they not do, which they should have done before? OR What would they like to do
5 § g :C: !g’_ next time to perform better?
s E¢253
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material

adaptable
to the

individual
users?

Are the followings present?

a.Individualized learning database

b.Individualized instruction

c.Individualized test/quiz

Does the web-[|Is the web-

resource

focus on the

clinical

significance

of basic

a.Has the clinical significance of basic science facts been explained?

b.Have the basic science facts been taughtin a case-based fashion OR have
clinical scenarios or some form of PBL learning been included?

Have

imges/pictures

been included?

Are the followings present?

1)Diagrams, illustrations, schematics

2)Atlas pictures

3)Pictures of models (plastic, plastinated)

4)Snapshots of prosections

5)Radiological images (XRay, CT, MRI)

Have videos been

included?

Are videos of the followings present?

1)Clinical procedures (medical, interventional, surgical)

2)Clinical neurological examination

3)Dissection

4)Animations

5)Lectures

6)Podcasts

7)Radiology

Have notes

been

luded?

Inc

Are the followings present?

1)General text description on web-pages

2)Lecture notes

3)Transcripts (for videos/lectures included)

4)Figure legends

Audio

O

ontent

Is audio contentincluded?

Is the web-resource

aesthetically
appealing?

Is the choice of colours appropriate for page-background, headers, navigation-
posts and links?

Is the choice of contrast between colours (in the images) appropriate?

Are the web-pages over-cluttered with information?

Are the images clear and non-blurry or non-pixilated?

Is the text easily readable (font style, font size, colour scheme)?

Have graphics (diagrams, illustrations, photographs/images) been included?

Is the language style conversational (or audience-appropriate)?

Are students able to control the sequence of the learning segments and offered
an alternative to skip segments (in an assessment setting)?

Is some element of fun incorporated into the learning process? (Jokes, games,
quizzes, etc.)

Has the information on current research in neuroscience or neuroanatomy
education been included in the website?

Is there a disclosure of copyright and intellectual property issues or a general
disclosure?

Is there any additional factor which is specifically likable or dislikeable in this
web-resource for learning neuroanatomy? Please explain below; for instance,
why do you think that way? (Give reason), how do you know that? (Give
example), can you explain more?
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Appendix 5

Educators’ Evaluation Form for the Assessment of
Neuroanatomy Web-Resources

265



Appendix 5

The questionnaire is designed to compare the following 13 neuroanatomy web-resources with regards to their
information of spinal pathways; sensory and motor. Please click over the hyperlinks below and evaluate by
answering the following questions: (please read the comments inserted with the web-resources, as well).

Questions for educators

Neuroanatomy web-resources

erbrain

= |Duke Uni.

® | Atlas of functional NeuroAn.

© |Uni. of British Columbia
S |Uni. of New South Wales

o
9
IS
Ol
2
(]
o
(]
T
=
X
2

W |Columbia Uni.

& |MIT OpenCourses
v |Texas Uni.
 |Global anatom:

N (H

P |Uni. of Bristol

Are the following items (if present "in their current
form", in each of the 13 web-resources) useful/not-
useful for learning the sensory and motor spinal
pathways? Please evaluate from an educator's
perspective.

Useful=1, Not useful=0, Not present in web-
resouce=N/A

Authorship disclosure (author's name/contact
information/credentials/institutional affiliation)

References or bibliographies

Instructor availability

HlwN

Learning outcomes

Instructions (or tutorial) to explain how to use the web-
material

Resources/links for further self-directed learning

N[O

Feedback acquisition FROM the students

Formative assessment and feedback provision TO the
students

Personal choice helpers, such as FAQ, search box,
online help, etc.

10

Advice for students (guidance, tips and tricks, do’s and
don'ts, etc.)

11

Downlodadle web-content

12

Student reflection

13

Individualized learning database

14

Individualized instruction

15

Individualized test/quiz

16

Student control in managing the sequencing of learning
segments

17

Element of fun incorporated into the learning process

Inclusion of information on current research in
neuroscience or neuroanatomy education

For each of the 13 web-resources:

Yes=1, No=0

is the web-content up-to-date?

Is there any bias in the content/information?

W N [ |

Is the web-resource user-friendly?
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Would the following features (if present "in their

C [fcurrent form'" in each web-resource) motivate the Yes=1, No=0
students to learn the topic?
1 |[Relevance to exam performance
2 [[Clinical relevance
3 ||Relevance to understanding research in the field
Motivation quotes, peer-advice or success stories (from
4 alumni)
Would the following features (if present "in their curent
b form" in each web-resource) make the layout of the Hel pful=1, not-hel pful=0, Feature absent in the web-
content helpful/not helpful for learning sensory and resource=N/A
motor spinal pathways?
1 Organization of information into headings and sub-
headings
2 |ITable of contents or flow sheet of topics
3 Hyperlinks embedded within text to interconnect
relevant web-segments
4 (IGlossary of neuroanatomical terminologies
5 [[Summarization of key points at the end of each topic
Would the following features (if present "in their curent Helpful=1, not-helpful=0, Feature absent in the web-
E [[form" in each web-resource) make the navigation user-
resource=N/A
friendly?
Basic features such as forward and backward buttons,
1 |lmain menu, save and exit buttons, zoom in and out
options, etc.
2 ||Links to all necessary information on the home page.
Interconnectivity of related website segments with links
3 and hyperlinks
were the followings (if present in the web-resource) in Helpful=1, not-helpful=0, Feature absent in the web-
F (their current form; useful /not-useful for learning spinal .
resource=N/A
pathways?
1 |[Diagrams, illustrations, schematics
2 |[Pictures of models (plastic, plastinated)
3 [|Snapshots of prosections
4 [Radiological images (XRay, CT, MRI)
5 [|General text description on web-pages
6 [[lLecture notes
7 |[Transcripts (for videos/lectures included)
8 [[Figure legends
9 |linclusion of audio contetnt (including podcasts)
10 ||Videos of the followings:

a) Clinical procedures (medical, interventional,

b) Clinical neurological examination

c) Dissection

d) Animations

e) Lectures

f) Podcasts

[g) Radiology
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Is the choice of colours appropriate for page-
background, headers, navigation-posts and links?
(Yes=1, No=0)

Is the choice of contrast between colours (in the
images) appropriate? (Yes=1, No=0)

Are the web-pages over-cluttered with information?
(Yes=1, No=0)

Are the images clear and non-blurry or non-pixilated?
(Yes=1, No=0)

Is the text easily readable (font style, font size, colour
scheme)? (Yes=1, No=0)
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Appendix 6

Students’ Evaluation Form for Assessment of
Three Top-Ranked Neuroanatomy Web-Resources

269



Appen

dix 6

Neuroanatomy web resource evaluation guestionnaire

This survey is being conducted by the Department of Anatomy and Neuroscience at University College Cork (UCC), Ireland.
The survey is part of a research project to evaluate the existing web-resources for neuroanatomy education. There will be no personal benefit from completing the

survey; however, the data acquired fromthis survey will help us in creating an online, freely accessible, neuroanatomy web resource.

Please note that your participation in this survey is voluntary and anonymous. Whether you participate or not, will not in any way influence your grades/performance
evaluations. You can withdraw fromthe study at any time with a written/verbal notice.
For comments/questions please contact Dr Muhammad Asim Javaid in the department of Anatomy and Neuroscience at the UCC on Muhammad.ajavaid@ucc.ie. Your

feedback is very important for us.
Thank you very much!

INSTRUCTION: This questionnaire is designed to compare various web resources with regards to their information on the learning of neuroanatomical pathways

(motor and sensory).

1. Uni. of British Columbia 2. Uni. of Texas 3. Neuroanatomy lab online
Access the web resource at  [|Access the web resource at [Access the web resource at
http://www.neuroanatomy.ca/ [lhttp://nba.uth.tmc.edu/neuroana [fhttps://oac22.hsc.uth.tmc.edu/co
tomy/ . Please consider urses/neuroanatomy/
‘neuroscience online' as a part of
this resource and evaluate both
together as 'one'.
[Then answer the questions below as instructed:
112|345 |NAf1]2[3]|]4[5]|NAJ1]2]3]4]5]|NA
Q1-||Please rate the clarity of explanations (1: very poor--5: excellent)
Q2-||Please rate the usefulness of the following features with regards to learning neuroanatomy (1: not useful at all -- 5: very useful).
a-[[Bxplanation of the key-principles of pathway layout (for example,
[A] defining 1st-2nd-3rd order neurons, [B] relation of ipsilaterall
or contralateral deficits with lesions below or above decussation,
etc.)
b-[|Step by step drawings of the neural pathways for students to|
watch and learn
c-[[Cross-sectional images at various levels of the spinal cord and
thebrainstem to understand location of ascending and
descending tracts
d-[|Summary sheets or tables to compare and differentiate neural
pathways (based on type of sensory information, level off
decussation, location in white column, etc.)
e-[[Online quizzes (and feedback)
-[CT and MRI images of brain and spinal cord
g-[|Animations, videos
h-|[3D computer models of brain and spinal cord
i-||Linking neuroanatomy with relevant neurophysiology
H Linking neuroanatomy with neuroradiology (e.g. CT, MRI, xray)
k-lLinking neuroanatomy with relevant head, neck, scalp and skull
anatomy
|-||Linking neuroanatomy with embryological development
Q3-[|Please rate the importance of the following features with regards to learning the clinical relevance of neuroanatomical facts (1: not significant to 5 :highly significant ).
a-[[Solving neurological problems (For example, localizing lesions in
various sensory and motor deficits)
b-|Videos of bedside nervous system examination
Q4-IPlease rate the usefulness of the following factors to help 3D visualization of neuroanatomical structures and pathways (1: not helpful at all -- 5: very helpful).
a-[|[Images of brain prosections
b-[|Images of plastic models of brain and spinal cord
c-[[2D / 3D illustrations
d-[i3D brain model softwares
e-[[Animations and / or video lectures
Images of sections (horizontal, coronal, sagittal) at various levels
f-[lof brain and spinal cord
g-[|CT / MRI (horizontal, coronal, sagittal sections)
Q5-[|Rate the value of this web resource for leamning neuroanatomy;
(1:Not helpful at all -- 5:Very helpful)
Q6-||Rate the level of user-control imparted to students for learning neuroanatomy (1: not useful at all -- 5: very useful).
a-[[Optional learning levels with varying amount of detail (beginner,
intermediate and expert levels)
b-[|Optional control of the pace of instruction (for example, slowing
or fast-forwarding a video)
Q7-[|Did the web-resource increase your interest in learning the|
neuroanatomy of the sensory and motor pathways? Please circle|| Yes No Neutral Yes No Neutral Yes No Neutral
your answer.
Q8-While learning online, what helps you best to visualize|Please explain:
neuroanatomical structures, such as the hippocampus, the basal
| [lganglia or the sensory and motor neuronal pathways?
Q%when using a neuroanatomy web-resource, what factor helps||P1ease explain:
lyou most to learn?
Q10-] Please explain:

\What matters least to you when learning neuroanatomy online?
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Q11

Please rate the impact of following teaching components (1=low, 5=high) on your learning of sensory and motor pathways, in each of the three web-resources.

o

Diagrams, illustrations, schematics

b-|

Atlas pictures

o
v

Pictures of models (plastic, plastinated)

d-|

Snapshots of prosections

@
s

Radiology images (X-ray, CT, MRI)

-

Videos of procedures (medical, interventional, surgical)

Neurological examination videos

h-|

Dissection videos

animations

j_

Lecture videos

K-

mH

>
T

Podcasts

Radiology videos

Lectures notes

Transcripts of videos/lectures

Games, quizzes

Q12

Rank the above-mentioned three web-resources as 1 (best), 2(2nd ||1 2 3
best) and 3(3rd best) with regards to learning of neuroanatomy of

ascending and descending tracts:

Thank you very much for your participation!
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Appendix 7

Consent Form for Evaluation of Neuroanatomy
Web-Resources
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Project information for research participants

Assessment of Computer Aided Learning Tools in Neuroanatomy Education

Investigators: Dr Muhammad Asim Javaid, Dr Harriét Schellekens, Prof. John Cryan, Dr
André Toulouse

Study Location: Department of Anatomy and Neuroscience, University College Cork, Cork,
Ireland

Purpose of the Study. This study is concerned with evaluating existing online
neuroanatomy learning web-resources by a broad student cohort including medical (graduate
and direct entry), occupational therapy and speech and language sciences, at University
College Cork (UCC). The aim is to identify the limitations and strengths of the current
resources from the students’ perspective and collect useful information to better inform the
instructional design of future neuroanatomy web-resources.

What will the study involve? Before the start of the study, you will be asked to sign the
attached informed consent form. You can retain this information section. You will be
requested to evaluate three web-resources, for 20 minutes each. You will be handed three
copies of the same questionnaire before the commencement of the resource-evaluation
process. There are 13 items in the questionnaire which take approximately 10 - 15 minutes
to answer. You will be asked to complete one questionnaire after each evaluation and to
return all three questionnaires to us before leaving the room where the experiment will be
conducted.

You have been asked to take part in this study because the overall aim of the research project
is to create a novel, online, neuroanatomy learning web-resource to complement
neuroanatomy teaching to the students at UCC. The web resource will be created based on
the feedback we obtain from your answers.

Your participation is entirely voluntary and we greatly value your input. Whether you
participate or not, will not in any way influence your grades or performance evaluations. The
survey is anonymous. Please do not add your name or student ID on this form. You can stop
participating at any point during the course of the study.

The data will be kept confidential for the duration of the study. On completion of the research

273



Appendix 7

project, they will be retained for a duration of seven years with the supervisor and then
destroyed. The results will be presented in a PhD thesis and may be published in a research
journal.

Any questions/queries will be addressed by contacting the researcher, Dr. Muhammad Asim
Javaid (Muhammad.ajavaid@ucc.ie).

This study has been reviewed and approved by the Social Research Ethics Committee at
University College Cork.

If you agree to take part in the study, please sign the consent form overleaf.

We would like to sincerely than you for your participation in this study.
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Consent Form

Assessment of neuroanatomy web-resources; a students’ perception at UCC

(BLOCK PRINT) agree to participate in this
research study.

The purpose and nature of the study has been explained to me in writing.
| am participating voluntarily.
I give permission for my data to be used for further analysis and research

| understand that my participation will not affect in anyway my grades/exam

performance.

I understand that anonymity will be ensured in the research process.
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Appendix 8

Ethics Approval from SREC for Assessing the
Neuroanatomy Web-Resources
(Log. No. 2016-108; Approval Granted 08/11/2016)
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ETHICS APPROVAL FORM

Social Research Ethics Committee (SREC)

University College Cork, Ireland
Colaiste na hOllscoile Corcaigh

Introduction

UCC academic staff and postgraduate research students who are seeking ethical approval
should use this approval form. Ethical review by SREC is strongly recommended where the

methodology is not clinical or therapeutic in nature and proposes to involve:
e Direct interaction with human participants for the purpose of data collection using research methods such as
questionnaires, interviews, observations, focus groups etc.
e Indirect observation with human participant for example using observation, web surveys etc.
e Access to, or utilization of, data concerning identifiable individuals.

Application Checklist
This checklist includes all of the items that are required for an application to be deemed
complete. In the event that any of these are not present, the application will be returned to
the applicant without having been sent to review. Please ensure that your application includes
all of these prior to submission. Thank you.

Completed Application Checklist
Completed Ethical Approval Self-Evaluation
Completed Description of Project
Information Sheet(s)

Consent Sheet(s)

Psychometric Instruments / Interview / Focus Group Schedules  [X (Questionnaire)|
I have consulted the UCC Code of Research Conduct and

XIXTXTXTX]

believe my proposal is in line with its requirements
If you are under academic supervision, your supervisor has approved the wording of and
co-signed this application prior to submission

Please note that you must confirm you have taken account of the University’s Code of Research
Conduct in order for your application to be considered by SREC
(http://www.ucc.ie/en/media/research/researchatucc/documents/CodeofGoodConductinResearch_00

0.pdf)
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APPLICANT DETAILS

Name of applicant(s) Dr Muhammad Asim Date | Sep 5™, 2016

Javaid

Department/School/Unit, Department of Anatomy Phone | (021) 4205477

& Supervisor’s Name and Neuroscience , Dr

André Toulouse

Correspondence Address Room 2.33, Western Email | A.Toulouse@ucc.ie

Gateway Building

Title of Project

Education

Assessment of Computer Aided Learning Tools in Neuroanatomy

ETHICAL APPROVAL SELF-EVALUATION

YES

Do you consider that this project has significant ethical implications?

Will you describe the main research procedures to participants in
advance, so that they are informed about what to expect?

Will participation be voluntary?

Will you obtain informed consent in writing from participants?

Will you tell participants that they may withdraw from the research at
any time and for any reason, and (where relevant) omit questionnaire
items to which they do not wish to respond?

X X X X

Will data be treated with full confidentiality / anonymity (as
appropriate)?

X

Will data be securely held for a minimum period of seven years after the
completion of a research project, in line with the University’s Code of
Research Conduct?

If results are published, will anonymity be maintained and participants
not identified?

Will you debrief participants at the end of their participation (i.e. give
them a brief explanation of the study)?

10

Will your project involve deliberately misleading participants in any
way?

11

Will your participants include children (under 18 years of age)?

12

Will your participants include people with learning or communication
difficulties?

x| X

13

Will your participants include patients?

14

Will your participants include people in custody?

15

Will your participants include people engaged in illegal activities (e.g.
drug taking; illegal Internet behaviour)?

XXX

16

Is there a realistic risk of participants experiencing either physical or
psychological distress?

X

17

If yes to 16, has a proposed procedure, including the name of a contact
person, been given? (see no 25)

N/A

18

If yes to 11, is your research informed by the UCC Child Protection
Policy? http://www.ucc.ie/en/ocla/policy/

N/A
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DESCRIPTION OF THE PROJECT

19. Aims of the project (briefly)

To identify and review the limitations of existing neuroanatomy web-resources from a
student perspective to inform the creation of an online, case-based, interactive neuroanatomy
learning web-resource to complement teaching in the areas identified.

20. Brief description and justification of methods and measures to be used (attach
research questions / copy of questionnaire / interview protocol / discussion guide / etc.)
Once the information about the study has been provided and consent obtained, three copies
of a self-administered web-resource evaluation questionnaire will be distributed among the
student cohorts (direct and graduate entry medicine, occupational sciences, speech and
hearing sciences). The questions will pertain to (1) aesthetic appeal of the web-resource (2)
layout of content (3) motivational and interest-enhancing factors in the resource (4) user-
friendliness and intuitiveness of the navigation and (5) the impact of the various teaching
components of the resource. The survey will comprise of 12 closed-ended and one open-
ended questions. Likert scale based and rating (scale of 1 to 5) questions will be used (please
find a copy of the questionnaire attached with the application). This survey-based study is
very important as the feedback obtained from the students will guide us in designing a novel
online neuroanatomy learning web-resource.

21. Participants: recruitment methods, number, age, gender, exclusion/inclusion
criteria, detail permissions

2" year medical (graduate and direct entry) and 3™ year occupational sciences, speech and
language sciences students, at UCC will be invited as the potential participants. The study
will take place in the anatomy teaching facility (FLAME laboratory, WGB 3.59) at UCC at
a time that is suitable to the various groups of volunteers. Participants will be requested to
evaluate three pre-selected web-resources, one by one, and fill in an evaluation questionnaire
for each resource. Questionnaires will be collected at the end of the session. We aim to recruit
approximately 40 participants across the four programs. Participation will be voluntary, we
therefore expect that the gender, race or age balance will be reflective of the student cohorts
selected. Informed consent will be obtained and queries will be addressed when arising.

22. Concise statement of ethical issues raised by the project and how you intend to deal
with them

We don’t envisage any ethical issues raised by the project. The forms will be anonymous and
will be secured in a locked cabinet inside the principal investigator’s office with limited
access only to the named investigators. The data will be entered online and secured in a
password protected computer. Complete anonymity will be ensured throughout the processes
of the data analysis and publication. Participation will have no bearing on classroom
assessment and performance.

23. Arrangements for informing participants about the nature of the study (cf. Question
3)

An information session will be held in each class and written information regarding the study
will be provided to the participants as part of the consent process (see attached consent form).
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Participation will be entirely voluntary. Any questions/queries will be addressed verbally or
in writing, if any arise.

24. How you will obtain Informed Consent - cf. Question 4 (attach relevant form|s])
Written informed consent forms will be distributed for signing before the commencement of
the study (please find the informed consent form attached with the application).

25. Outline of debriefing process (cf. Question 9). If you answered YES to Question 16,
give details here. State what you will advise participants to do if they should experience
problems (e.g. who to contact for help).

We don’t envision any problem or discomfort arising among the participants after filling in
the questionnaire. However, any questions/queries will be addressed; before as well as after
the study. For additional questions/comments later on, participants would have the option of
contacting the researcher at the following email address: Muhammad.ajavaid@ucc.ie

26. Estimated start date and duration of project
October 2016 to December 2017 (duration = 1 year and 3 months)

Signed Date  05/09/2016
Applicant
Signed Date _ 05/09/2016

Research Supervisor/Principal Investigator (if applicable)
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Appendix 9

Neuroanatomy Knowledge Quiz 1
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The questions are being asked by the Department of Anatomy and Neuroscience at
University College Cork (UCC), lIreland to inquire about your knowledge of
neuroanatomy. There will be no personal benefit from completing the questionnaire;
however, the data acquired from this survey will guide us in assessing an online,
freely accessible, neuroanatomy web resource to meet the needs of undergraduate
students. Please note that your participation in this survey is voluntary. Whether you
participate or not, will not in any way influence your grades/performance evaluations.
For comments/questions please contact Dr. Muhammad Asim Javaid in the
department of Anatomy and Neuroscience at UCC on muhammad.ajavaid@ucc.ie.

Please answer the following questions:

Your feedback is very important for us.

Question 1:

Which of the followings marks the location of fasciculus cuneatus?

Tmoow2>

Posterior white column
Anterior white column
Lateral white column
Anterior grey horn
Posterior grey horn
Lateral grey horn

Question 2:

What functional impairment could result by a lesion in the fasciculus gracilis?

A.

GmmoO O W

Motor weakness in leg

Motor weakness in arm

Loss of pain and temperature perception in leg

Loss of pain and temperature perception in arm

Loss of perception of vibration and 2-point discrimination in leg
Loss of perception of vibration and 2-point discrimination in arm
Motor weakness of axial or postural musculature

Question 3:

Which of the followings crossover (decussate) to the opposite side of the neural

Fasciculus gracilis
Fasciculus cuneatus
Medial leminiscus
Internal arcuate fibres
LMN of corticospinal tract

Question4:

A hemi-section involving the right half of spinal cord in the cervical region would

result in which of the followings? Choose one best answer:

A.
B.
C.

Loss of vibration sensation in the leg ipsilateral to lesion-side
Loss of vibration sensation in the arm contralateral to lesion-side

Loss of 2-point discrimination sensation in the arm ipsilateral to lesion-side
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D. Loss of 2-point discrimination sensation in the arm and leg ipsilateral to lesion-

side
Question5:
Match neuronal fibers with their location of the cells of their termination:
Tract Cell of termination
1. Fasciculus gracilis (C) A. Neuromuscular junction
2. Fasciculus cuneatus (E) B. Anterior horn cells of spinal cord
3. Medial leminiscus (D) C. Nucleus gracilis
4. LMN of corticospinal tract (A) D. Ventral posterior lateral nucleus
5. UMN of corticospinal tract (B) E. Nucleus cuneatus
Question 6:

Which of the followings is true for a lesion in the red shaded-area in the diagram
below? Choose one best answer:

4" ventricle

Midline

A. Ipsilateral loss of vibration and 2-point discrimination sensations
B. Ipsilateral loss of pain and temperature sensations
C. Ipsilateral motor weakness of muscles in arms and legs
D. Contralateral loss of vibration and 2-point discrimination sensations
E. Contralateral loss of vibration and contralateral motor weakness in arms and
legs
F. Contralateral motor weakness of muscles in arms and legs
Question 7:

Arrange the following structures in ascending chronological order for the dorsal
column medial-leminiscal pathway: DBEGFCHA
A. Primary sensory cortex
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Posterior horn of spinal cord
Tegmentum

Pacinnian corpuscle/sensory receptor
Posterior column of spinal cord

Basal part of pons

Medulla oblongata

Thalamus

TOTMMOOW

Question 8:

A lacunar infarct in the left thalamus would most likely result in which of the
followings?

A. Weakness of right arm and leg

B. Weakness of left arm and leg

C. Loss of vibration and 2-point discrimination sensation in right arm and leg

D. Loss of vibration and 2-point discrimination sensation in left arm and leg

E. Loss of pain and temperature sensation in left arm and leg

Question 9:

A 41-year-old had woman presented with an oculomotor nerve palsy on the left side
(paralysis of the left extraocular muscles except the lateral rectus and the superior
obligue muscles, plus absent light and accommodation reflexes on the left side).
There was weakness of muscles of the lower part of the face on the right side and
spastic paralysis of the right arm and leg as well. Which of the following areas could
this lesion be related to?

Medulla

Pons

Mid-brain

Medial surface of cerebral cortex with sparing of the superolateral surface
Spinal cord

moowz

Question 10:

Which of the followings marks the location of nucleus gracilis?
Medulla oblongata

Pons

Mid-brain

Thalamus

Pre-motor cortex

moowx»

Question 11:

What functional impairment could result by a lesion in the lateral corticospinal
tract?

Motor weakness in distal muscles of arms and legs

Loss of pain and temperature perception in arms and legs

Motor weakness of axial or postural musculature

Loss of perception of vibration and 2-point discrimination in arms and legs

Cowz>
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Question 12:

Match neuronal fibers with their location of the cell bodies of their origin: you can
select >1 options on the right for the neural fibers on the left.

Tract Cell bodies of origin
1. Fasciculus gracilis (D) A. Pyramidal cells of betz
2. Fasciculus cuneatus (D) B. Anterior horn of spinal cord
3. LMN of corticospinal tract (B) C. Nucleus gracilis, nucleus
cuneatus
4. Internal arcuate fibres (C) D. Dorsal root (spinal) ganglion
5. UMN of corticospinal tract (A)

Question 13:

A 60-year-old man presented to neurology clinic with muscle weakness and sensory
loss in his right arm and forearm. His lower limb sensations were intact. Would could
be the likely site of the infarct in this patient?

Left anterior and middle cerebral artery

Left middle cerebral artery

Left anterior cerebral artery

Right middle cerebral artery

Right anterior cerebral artery

Right anterior and middle cerebral artery

nmoow>

Question 14:

Which of the followings would result with a lesion in the red shaded-area in the
diagram below?

Z(::t I % ' Dorsal root
L/ OIN %/ e

White :'|' 77 | |

matter ——
_J o , S \
= = =2
G 2Y/
~—) )| &=—A
./// T iy, l = -
Right Midline Left

{anterior median fissure)

Ipsilateral loss of vibration and 2-point discrimination sensations
Ipsilateral loss of pain and temperature sensations

Contralateral loss of pain and temperature sensations
Contralateral loss of vibration and 2-point discrimination sensations

Cowz
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Question 15:

Which of the followings does NOT contain corticospinal fibers?
Pyramid of medulla oblongata

Lateral white column of the spinal cord

Cerebral peduncle of midbrain

Anterior limb of internal capsule

Corona radiata

moowz

Question 16:

Which of the followings marks the location of corticospinal tract?
A. Posterior white column
B. Lateral white column
C. Posterior grey horn
D. Lateral grey horn

Question 17:

What functional impairment could result by a lesion in the fasciculus cuneatus?
A. Motor weakness in legs

Motor weakness in arms

Loss of pain and temperature perception in legs

Loss of pain and temperature perception in arms

Loss of perception of vibration and 2-point discrimination in legs

Loss of perception of vibration and 2-point discrimination in arms

Motor weakness of axial or postural musculature

eBullulicXe¥-

Question 18:

Which level does the anterior corticospinal pathway decussate?
Pons

Medulla

Mid-brain

Thalamus

Internal capsule

Spinal cord

nTmoow>

Question 19:

A 70-year-old woman presented to neurology clinic with muscle weakness and
sensory loss in her right arm and leg. Her facial sensations were intact. Would could
be the likely site of the infarct in this patient? Choose one best answer:

Left middle cerebral artery

Left anterior cerebral artery

Right middle cerebral artery

Right anterior cerebral artery

Right anterior cerebral and middle cerebral artery

Left anterior cerebral and middle cerebral artery

nTmoow»
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Question 20:

Which of the followings is true for a lesion in the red shaded-area in the diagram
below affecting the primary motor cortex?

Coronal section of left
primary motor cortex

>

Ipsilateral loss of vibration and 2-point discrimination sensations in arms and
legs

Ipsilateral loss of pain and temperature sensations in legs

Ipsilateral weakness of muscles in arms and legs

Contralateral loss of pain and temperature sensations in arms

Contralateral motor weakness in legs

moow

Question 21:

Identify the structures labelled A and B in the coronal section shown below:
A= , B=
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Corona radiata (A)
Crus cerebrum
Ventral pons
Pyramid

Internal capsule (B)
Lateral white column
Thalamus

@MmMoOOw>

Question 22:
Identify the structures labelled A in the horizontal section shown below:

4t ventricle

Corona radiata

Crus cerebrum
Ventral pons
Pyramid

Internal capsule
Lateral white column
Thalamus

GmMmMoOOw2

Question 23:

Identify the structure labelled A in the figure below:
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Tegmentum

~ Colliculus
(tectum)

Corona radiata

Crus cerebrum
Pre-central gyrus
Internal capsule
Lateral white column
Post-central gyrus
Thalamus

pyramid

ITOMmMoOOw»>

Question 24:

Which of the followings marks the location of ventral posterior lateral (VPL)
nucleus?

Medulla oblongata

Pons

Mid-brain

Thalamus

Pre-motor cortex

Spinal cord

nTmoow»
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Appendix 10

Neuroanatomy Knowledge Quiz 2
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Please answer the following questions:

The questions are being asked by the Department of Anatomy and Neuroscience at
University College Cork (UCC), Ireland to inquire about your knowledge of
neuroanatomy. There will be no personal benefit from completing the questionnaire;
however, the data acquired from this survey will guide us in assessing an online,
freely accessible, neuroanatomy web resource to meet the needs of undergraduate
students. Please note that your participation in this survey is voluntary. Whether you
participate or not, will not in any way influence your grades/performance evaluations.
For comments/questions please contact Dr. Muhammad Asim Javaid in the
department of Anatomy and Neuroscience at UCC on muhammad.ajavaid@ucc.ie.
Your feedback is very important for us.

Question 1:

Which of the followings marks the location of fasciculus gracilis?

Posterior white column
Anterior white column
Lateral white column
Anterior grey horn
Posterior grey horn
Lateral grey horn

nTmoow>

Question 2:

What functional impairment could result by a lesion in the anterior corticospinal

tract?

oOw>

Question 3:

Motor weakness in distal muscles of arms and legs

Loss of pain and temperature perception

Motor weakness of axial or postural musculature

Loss of perception of vibration and 2-point discrimination

Match the spinal tracts with their functions:

tract (C)

Tract Function
1. Fasciculus gracilis (D) A. Sensory perception of vibration,
conscious proprioception, 2-point
discrimination from arms
2. Spinocerebellar tracts B. Motor control of distal limb muscles
(F) such as fingers
3. Spinothalamic tracts (E) C. Control of axial musculature for postural
balance/maintenance
4. Lateral corticospinal D. Sensory perception of vibration,
tract (B) conscious proprioception, 2-point
discrimination from legs
5. Fasciculus cuneatus (A) E. Pain and temperature sensations
6. Anterior corticospinal F. Proprioception-perception

(subconscious)
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Question 4.

Which level does the lateral corticospinal pathway decussate?

nmoow>

Pons

Medulla
Mid-brain
Thalamus
Internal capsule
Spinal cord

Question 5:

A 60-year-old man presented to the neurology clinic with muscle weakness and
sensory loss in his left leg only. His upper limb sensations and facial sensations
were intact. Would could be the likely site of the infarct in this patient? Choose one
best answer:

moowz

Left middle cerebral artery

Left anterior cerebral artery

Left anterior and middle cerebral artery
Right middle cerebral artery

Right anterior cerebral artery

Question 6:
Which of the followings is true for a lesion in the red shaded-area in the diagram
below affecting the primary sensory cortex? Choose one best answer:

Tmoow>

Coronal section of left

Contralateral loss of vibration and 2-point discrimination in legs
Contralateral loss of vibration and 2-point discrimination sensations in arms
Ipsilateral loss of pain and temperature sensations in legs

Ipsilateral weakness of muscles in arms and legs

Contralateral loss of pain and temperature sensations in legs

Contralateral motor weakness in legs
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Question 7:

Which of the followings does NOT contain dorsal column-medial leminiscal fibers?
Pyramid of medulla oblongata

Posterior white column of the spinal cord

Tegmentum of midbrain

Ventral posterior lateral nucleus

Cerebral cortex broadman’s area 3,1,2

moowz

Question 8:

What functional impairment could result by a lesion in the spinocerebellar tract?
Motor weakness in legs

Motor weakness in arms

Loss of proprioceptive information

Loss of pain and temperature sensation in arms

Loss of pain and temperature sensation in arms and legs

Loss of perception of vibration and 2-point discrimination in legs

Loss of perception of vibration and 2-point discrimination in arms

eMmMoOm>

Question 9:

Which of the followings crossover (decussate) to the opposite side of neural axis?
A. 1t order sensory neuron
B. 2" order sensory neuron
C. 3" order sensory neuron
D. Lower motor neuron

Question 10:

A hemi-section involving the right half of spinal cord in the lumbar region would
result in which of the followings? Choose one best answer:

Loss of vibration sensation in the leg ipsilateral to lesion-side

Loss of vibration sensation in the arm contralateral to lesion-side

Loss of 2-point discrimination sensation in the arm ipsilateral to lesion-side
Loss of 2-point discrimination sensation in the arm and leg ipsilateral to
lesion-side

Cowz

Question 11:

Which level does the dorsal column-medial leminiscus pathway decussate?
Pons

Medulla

Mid-brain

Thalamus

Internal capsule

Spinal cord

nmoow>

Question 12:

Which of the followings would result with a lesion in the red shaded-area in the
diagram below? Select the best possible answer:
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>

moow
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Ipsilateral loss of vibration and 2-point discrimination sensations in arms and
legs

Ipsilateral loss of pain and temperature sensations in legs

Ipsilateral weakness of muscles in arms and legs

Contralateral loss of pain and temperature sensations in arms

Contralateral motor weakness in arms and legs

Question 13:

Arrange the following structures in descending chronological order for the
corticospinal tract: ADIBGHFCE

A.
. Crus cerebrum

TITOTMOOW

Primary motor cortex

Anterior horn of spinal cord
Corona radiata

Skeletal muscle

Lateral column of spinal cord
Basal part of pons

Pyramid

Internal capsule

Question 14:

A lacunar infarct in the posterior limb of left internal capsule would most likely result
in which of the followings?

A.
B.
C.
D.

Weakness of right arm and leg

Weakness of left arm and leg

Loss of vibration and 2-point discrimination sensation in right arm and leg
Loss of pain and temperature sensation in left arm and leg
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Question 15:

A 10-year-old presented to clinic with weakness of her right face and flattening of
her nasolabial fold and loss of frowning on forehead on the right side as well. She
complained that the food always sticks inside her right cheek. On examination,
there was definitive weakness of facial muscles on the right side. However,
weakness was elicited on the left side in her arms and legs. Which of the following
areas could this lesion be related to?

Medulla

Pons

Mid-brain

Medial surface of cerebral cortex with sparing the superolateral surface
Internal capsule

moow»

Question 16:

Which of the followings marks the location of nucleus cuneatus?
Medulla oblongata

Pons

Mid-brain

Thalamus

Pre-motor cortex

moowp

Question 17:

What functional impairment could result by a lesion in the spinothalamic tract?
A. Motor weakness in distal muscles of arms and legs
B. Loss of pain and temperature perception
C. Motor weakness of axial or postural musculature
D. Loss of perception of vibration and 2-point discrimination

Question 18:
Match the location of corticospinal tract in various parts of central nervous system:
Location of corticospinal tract Parts of central nervous system
1. Cerebral cortex (D) A. Pyramid
2. Diencephalon (E) B. Crus cerebrum
3. Mid-brain (B) C. Corona radiata
4. Medulla oblongata (A) D. Primary and pre-motor areas
5. Spinal cord (F) E. Posterior limb of internal
capsule
6. Subcortical white matter (C) F. Lateral white column

Question 19:

Which of the followings would result with a lesion in the red shaded-area in the
diagram below?
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Right Midline

Ipsilateral loss of vibration and 2-point discrimination sensations
Ipsilateral loss of pain and temperature sensations

Ipsilateral weakness of muscles in arms and legs

Contralateral loss of pain and temperature sensations
Contralateral motor weakness in arms and legs

moowz

Question 20:
A hemorrhagic infarct in the right crus of mid-brain would most likely result in which
of the followings?

A. Weakness of right arm and leg

B. Weakness of left arm and leg

C. Loss of vibration and 2-point discrimination sensation in right arm and leg

D. Loss of pain and temperature sensation in left arm and leg

Question 21:

Identify the structure labelled A in the horizontal section shown below:
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Corona radiata

Crus cerebrum
Ventral pons
Pyramid

Internal capsule
Lateral white column
Thalamus

@MMUOw>

Question 22:

Identify the structure labelled A in the horizontal section shown below:

Cerebellum
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GmMmooOw2

Corona radiata

Crus cerebrum
Ventral pons
Pyramid

Internal capsule
Lateral white column
Thalamus

Question 23:
Identify the structures labelled A and B in the figure below:

A=

, B=

IOMMOOw>

Corona radiata

Crus cerebrum
Pre-central gyrus
Internal capsule
Lateral white column
Post-central gyrus
Thalamus

pyramid

Question 24:
A hemi-section involving the left half of spinal cord in the cervical region would
result in which of the followings? Choose one best answer:

SOow>

Loss of vibration sensation in the left leg

Loss of vibration sensation in the right arm

Loss of 2-point discrimination sensation in the left arm

Loss of 2-point discrimination sensation in the left arm and leg
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Appendix 11

Student Perception Questionnaire Regarding the
Allocated Neuroanatomy Web-Resource
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PLEASE FILL IN THE GREY BOXES BELOW:

Did you use the online resource provided to you, for learning spinal
“|pathways?

Yes

B.|If yes, then:

a.|How many times did you access the online tool?
b.|Which days of the week did you access the tool?
c

.|On average, for each single day:

1. How many times did you access the online tool?

2. How much time (in minutes) each day did you actively spent
using the online tool?

Which time of the day did you use the tool, the most? You can ) Afternoo . i
. C i Morning Evening Night
d.|chose >1 options, if required: n
e.|Wheres did you use the online tool provided? On-campus Off-campus Both

Did you use any other resource along with the online tool to learn

X Y N
spinal pathways? & °

If yes, please explain what you used?

0 Pl v

Q2|Rate the online learning resource provided, for:
1(Its clarity of explanation

2|Enhancing interest in learning neuroanatomy of spinal pathways

Q3|Rate the USEFULNESS of the following features of the online resource for learning the spinal pathways:
Explanation of the key principles of pathway layout (for example
[A] what are 1st-2nd-3rd order neurons, [B] how to relate ipsilateral
and contralateral deficits with lesions being below and above
decussation).

Step by step drawings of neural pathways

Cross-sectional images with ascending and descending tracts

Quizzes and feedback
CT and MRI images
3D computer models

2
3
4|Summarization of information (summary sheets, tables, etc.)
5
6
7
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=

Q

Rate the USEFULNESS of the online resource for learning the followings:

=Y

Clinical relevance of neuroanatomy of sensory and motor tracts

N

Localization of neurological lesions

W

Dimensional relationship of neuroanatomical structures

=)

Identification of neuroanatomical structures on CT and MRI images

el

Explaining the objectives mentioned in the learning outcomes

Rate the USEFULNESS of the following features of the online resource to aid in the

and spinal pathways:

3D vi

sualization

of neuroa

natomical structures

Images of brain prosections

2D/ 3D illustrations

3D brain models

Animations and / or video lectures

Images of cross-sections (horizontal, coronal, sagittal) at various
levels of brain prosections

(=2}

Q6

Q7

CT / MRI sections (horizontal, coronal, sagittal)

After using the resource provided, your interest in learning
neuroanatomy is:

Learning neuroanatomy using the resource-provided was:

1=very
poor

9=
excellent

N/A

1=very
easy

9=very
difficult

N/A

Q8

For the online resource provided, rate the MENTAL EFFORT
associated with the followings:

1=Very
low

9=Very
high

N/A

Finding the necessary information mentioned in the learning
outcomes

N

Learning the relationship of neuroanatomical structures

Understanding cross-sectional images of various levels of brain
prosections

Learning to identify neuroanatomical structures on CT and MRI
images

Learning the clinical relevance of neuroanatomy of sensory and
motor tracts

(=)

Identifying the localization of neurological lesions

=]

Q!

Plase feel free to leave any additional comments on the online resource you have used:
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Appendix 12

Consent Form for Evaluation of the Allocated
Neuroanatomy Learning Web-Resource
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Department of Anatomy and Neuroscience, UCC

DEPARTMENT OF
ANATOMY &
NEUROSCIENCE
UNIVERSITY COLLEGE CORK

Project information for research participants

Investigators: Dr. Andre Toulouse, Dr. Harriet Schellekens, Prof. John Cryan, Dr. Muhammad Asim
Javaid

Study Location: Department of Anatomy and Neuroscience, University College Cork, Cork, Ireland

Purpose of the study: This study is concerned with the development and assessment of the impact
of a novel, neuroanatomy learning online tool on improving student performance. The aim of the
study is to design an online neuroanatomy learning tool for undergraduate medical and clinical
therapy (occupational and speech and language sciences) students at University College Cork (UCC).

What will the study involve? Before the start of the study (in mid-September), you will be asked to
sign the attached informed consent form. You can retain this information section. While inside the
lecture room, you will be briefed about the study and those willing to participate in the research will
be requested to fill in a questionnaire comprising of 20 questions. These will take approximately 15-
20 minutes to answer.

Later, in early-October, the online neuroanatomy tool for learning the sensory and motor neuronal
pathways will be provided to you through the Blackboard. Based on whichever group you are enrolled
in (control/experimental) you will be requested to use the provided-resource to learn the spinal tracts’
anatomy. The resources will be kept available to the participants for one week. All students who are
willing to engage in the research will be randomly assigned to control and experimental groups to
assess the efficacy of newly designed web-application for enhancing student neuroanatomy learning
compared to the currently available top-rated resource. The control group will not use the novel-tool
during the one-week long experimental phase, however, all students will be provided access to the
application immediately after the end of the experiment via Blackboard. The quantitative knowledge
assessments will be done before and after the experimental session. Moreover, information regarding
participants’ perception about various instructional design features of the learning tool will also be
inquired about at the end of the experiment.

You have been asked to take part in this study because the overall aim of the research project is to
create a novel, online, neuroanatomy web-resource to enhance student learning at UCC. The feedback
obtained from your answers will help us in optimizing and assessing the design of the final product.

Your participation is entirely voluntary and we greatly value your input. Whether you participate or
not, will not in any way influence your grades or performance evaluations and you will not receive
any favor or disfavor by deciding to take part or not to take part in the research. You have the option
of withdrawing before the study commences or discontinue after data collection has started.
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The data will be kept confidential for the duration of the study. On completion of the experiment,
they will be retained for further ten years and then destroyed. The results will be presented in a PhD
thesis and may be published in a research journal. I will ensure that no clues to your identity appear
in the thesis. Any extracts from what you say that are quoted in the thesis will be entirely anonymous.

I don’t envisage any negative consequences for you in taking part. At the end of the procedure, [ will
discuss with you how you found the experience and how you are feeling. Any further
questions/queries will be addressed by contacting the researcher, Dr. Muhammad Asim Javaid
(Muhammad.ajavaid@ucc.ie).

This study has been reviewed and approved by the Social Research Ethics Committee at University
College Cork.

If you agree to take part in the study, please sign the consent for overleaf.

We would like to sincerely thank you for your participation in this study.
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DEPARTMENT OF
ANATOMY &
NEUROSCIENCE
UNIVERSITY COLLEGE CORK

Consent Form

Development and assessment of a Novel Neuroanatomy Learning Web-Application at UCC

Lo L (BLOCK PRINT) agree to participate in this research
study.

2. The purpose and nature of the study has been explained to me in writing.

3. | am participating voluntarily.

4. | give permission for my data to be used for further analysis and research.

5. lunderstand that | can withdraw from the study, without repercussions, at any time, whether

before it starts or while |1 am participating.

6. | understand that I can withdraw permission to use the data within two weeks of the study, in
which case the material will be deleted.

7. lunderstand that anonymity will be ensured in the write-up by disguising my identity.

8. lunderstand that disguised extracts from my assessment questionnaires may be quoted in the

thesis and any subsequent publications if | give permission below:

(Please tick one box :)
| agree to quotation/publication of extracts from my interview O

I do not agree to quotation/publication of extracts from my interview

Signed: ..o Date: .....c.oevvnnnnn

PRINT NAME: ...
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Appendix 13

Ethics Approval from SREC for Evaluation of
Allocated Neuroanatomy Learning Web-Resource
(Log. No. 2017-101; Approval Granted 18/10/2017)
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ETHICS APPROVAL FORM
Social Research Ethics Committee (SREC)

Colaiste na hOllIscoile Corcaigh |z| Srec@ UCC |e

Introduction

UCC academic staff and postgraduate research students who are seeking ethical approval
should complete this approval form. Ethical review by the Social Research Ethics Committee
(SREC) is required where the methodology is not clinical or therapeutic in nature and
proposes to involve:

e direct interaction with human participants for the purpose of data collection using research

methods such as questionnaires, interviews, observations, focus groups etc.;

e indirect observation with human participants for example using observation, web surveys etc.;

e access to, or utilization of, anonymized datasets;

e Access to, or utilization of, data concerning identifiable individuals.

SREC @ UCC considers itself an enabling committee, promoting strong research ethics
amongst UCC’s community of staff and student researchers. We are open to all types of
research in the social research domain and if your research approach does not readily fit into
this research form, do not be discouraged. Please add additional relevant notes to convey
what you think is pertinent about the ethical aspects of your study.

Application Checklist
This checklist includes all of the items that are required for an application to be deemed

complete. In the event that any of these are not present, the application will be returned to
the applicant without having been sent for review. Please ensure that your application
includes all of these prior to submission. Thank you and best of luck with your research.

All relevant files are combined into one PDF file (SREC application form, consent Yes
forms, information sheets, data collection instruments, permission letters, etc.)

Completed SREC Application Form Yes
Information Sheet(s) / Information Statement (i.e. at the beginning of an electronic Yes
survey) included

Consent Sheet(s) / Consent Statement (i.e. at the beginning of an electronic survey) Yes
included

Data Collection Instrument: Psychometric Instruments / Interview Guide / Focus Yes
Group Schedule / Survey Questionnaire / etc. included

Copy of permission letters to undertake research from relevant agencies/services No
included (if available)

If you are under academic supervision, your supervisor(s) have approved the Yes
wording of and co-signed this application prior to submission

If this is a resubmission, all the revised and new text is highlighted in yellow Yes
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APPLICANT(S) DETAILS

Name of UCC
applicant(s) Dr. Andre Toulouse Date May 29", 2017
Department /
School /
Research Department of Anatomy and
Institute / Neuroscience ConiEEs e
Centre / Unit/
College (021) 4205477
Dr. Andre Toulouse,
Correspondence ﬁepartm_ent of Anatomy and Email
Address euroscience, Address
University College Cork,
muhammad.ajavaid@ucc.ie Muhammad.ajavaid@ucc.ie
Name and year Name of
of course supervisor(s)
(students only) (students only)
Is thisa : _
resubmission? No SREC Log No. (if known):
What type of . :
SREC approval IF__ulll approval Outline approval [] Funding approval

are you seeking?

Obtaining ethical approval from SREC does not free you from securing permissions and approvals
from other institutional decision-makers and agency ethical review bodies. These bodies may accept the
SREC approval,
but researchers are responsible for ensuring they are compliant in advance of collecting data.

Project working title

Online Tool

Development and assessment of a Novel Neuroanatomy Learning

If this is a collaborative project / community-based participatory research project / joint application
with another agency, please complete this additional section:

Names of research partners
/ civil society organisations
collaborating on this project
(this section must be
completed for participatory /

community-based

participatory research studies)

Agency contact person and

position

Agency address

Details of the partnership
(roles, type of partnership,

etc.)
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ETHICAL APPROVAL SELF-EVALUATION

If your answer falls into any of the shaded boxes below, please address each point later on in the

application form

YES | NO
1 Do you consider that this project has significant ethical implications? X
9 Will you describe the main research procedures to participants in advance, X
so that they are informed about what to expect?
3 | Will participation be voluntary? X
4 | Will you obtain informed consent in writing from participants? X
Will you tell participants that they may withdraw from the research at any
5 time and for any reason, and (where relevant) omit questionnaire items / X
questions to which they do not wish to respond?
6 Will data be treated with full confidentiality / anonymity (as appropriate)? X
Will data be securely held for a minimum period of ten years after the
7 completion of a research project, in line with the University’s Code of X
Research Conduct (2016)?
8 If results are published, will anonymity be maintained and participants not
identified? (see Q. 30 below regarding open data considerations, if X
relevant)
9 Will you debrief participants at the end of their participation (i.e. give X
them a brief explanation of the study)?
10 | Will your project involve deliberately misleading participants in any way? X
11 Will your participants include children / young persons (under 18 years of X
age)?
12 If yes to question 11, is your research informed by the UCC Child NA NA
Protection Policy? http://www.ucc.ie/en/ocla/policy/
Will your project require you to carry out “relevant work™ as defined in the
13 | National Vetting Bureau (Children and Vulnerable Persons) Acts 2012 to X
2016?
Do you require official Garda Vetting through UCC before collecting data
14 . X
from children or vulnerable adults?
Will your participants include people with learning or communication
15 g Do X
difficulties?
16 | Will your participants include patients / service users / clients? X
17 | Will your participants include people in custody? X
Will your participants include people engaged in illegal activities (e.g.
18 L ! ; X
drug taking, illegal Internet behavior, crime, etc.)?
Is there a realistic risk of participants experiencing either physical or
19a . . X
psychological distress?
19b Is there a realistic risk of the researcher experiencing either physical or X

psychological distress?
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If yes to question 19a, has a proposed procedure for linking the

20 | participants to an appropriate support, including the name of a contact NA NA
person, been given? (see Q. 33)

21 _If yes t_o question 19b, has a proposed procedure/support structure been NA NA
identified?
Are your research participants students with whom you have some

22 | current/previous connection (module coordinator, research supervisor, X
professional tutor, etc.)?

23 Will your study participants receive payment / gifts / voucher / etc. for X

participating in this study?
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DESCRIPTION OF THE PROJECT
Ethical review requires that you reflect and seek to anticipate ethical issues that may arise,
rather than reproduce copious text from existing research proposals into these boxes.
Entries should be concise and relevant to the point / question.

24. Very brief description of your study (15-25 words max.)
[i.e. This is a qualitative study of primary school teachers’ attitudes towards religious teaching
using focus groups to collect original data]

This is a combined qualitative and quantitative study of undergraduate medical and clinical
therapy students towards assessing the impact of a novel online tool on neuroanatomy learning.

25. What is your study about? (100-200 words max.)

Medical students and young doctors associate their lack of understanding of basic
neuroanatomical concepts with their impaired confidence of managing neurological patients. The
issue of addressing impaired understanding of basic sciences among students becomes even more
challenging due to a reduction in teaching hours and decline in availability of experienced faculty
members. In this context, the current study aims to assess the impact of a novel neuroanatomy
learning tool on students’ performance. A randomized, case-control study possessing a within
and between-subject design has been formulated. Undergraduate medical and clinical therapy
students; occupational and speech and language sciences, will be invited to participate in the
study. The participants in experimental group will employ the newly formulated learning-tool
along with traditional textbook while the participants in the control group will be offered the
best-rated available neuroanatomy learning resource along with textbooks. Both groups will be
provided with a study guideline (instructions) to enable them to use the provided resources in a
standardized manner, to learn neuroanatomy of motor and sensory pathways. Subjects’
performance before and after the experiment will serve as indicators for gauging their
performance improvement and quantifying their attitudes towards the new tool.

26. What are your research questions?

Does the novel prospective tool serve as a better adjunctive pedagogy for significantly improving
neuroanatomy learning of undergraduate students compared to the top-rated freely available
online resource?

27. Brief description and justification of methods and measures to be used (attach
questionnaire / interview protocol / discussion guide / etc. for full SREC approval. Not required
for SREC outline approval)

Information about the study will be provided to the students during the last 15-20 minutes of the
introductory lecture of the neuroanatomy module commencing in the first semester. Once the
consent has been acquired, participants’ knowledge of neuroanatomy will be assessed by a list of
20 questions incorporating multiple-choice, matching-items and clinical-scenario-based
questions. These will be designed to assess students’ ability to recall facts as well as their deeper
understanding of the neuroanatomical concepts. Students’ identification numbers will be used to
keep track of their performance analytics. The assessments will be conducted on standardized
pieces of paper inside the lecture-room and participants will be requested to return them before
leaving. Here we want to especially emphasize that there will be no pressure on the students to
participate in the study. And we will ensure that those students who decided against participating
in the study will not be obvious in their non-participation. This will be done distributing the
assessment questionnaires to all available but providing them with the opportunity to not write
their student no. on the questionnaire before handing it over and consequently the questionnaires
from students who chose to do so, will not only be excluded from the research study but at the
same time their non-participation will not become obvious either.

Later, during the week 6 of the first semester, when students would have received their lectures
on sensory and/or motor neuronal pathways, participants willing to engage in the research will be
randomly assigned to control and experimental groups. The control group will receive the top-
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selected neuroanatomy learning resource while the experimental group will receive the novel
learning tool (created in power point and uploaded on OneDrive). Links to both resources will be
provided to the students through Blackboard along with the PDF of the selected section of a
standardized textbook and neuroanatomy atlas. The online links will be made available to
participants for a duration of one week, following which they will be re-assessed using an
additional list of 20 questions. These will be different from the earlier assessment-questions,
however, will be having a difficulty-level like the questions included in the previous assessment.
In addition, information regarding the analytics pertaining to the usage of tools will be acquired
subjectively from participants. The participants will also be requested to fill in a qualitative
guestionnaire, if they will, regarding their perception of the usefulness of various aspects of the
learning tool provided and suggestions for potential improvement in the instructional design.
We intend to investigate any difference in impact of the newly designed tool (experimental
group) on neuroanatomy learning compared to already available freely assessable online
resources. Pre- and post-study quantitative assessments (MCQs) will be conducted to measure
any improvement in neuroanatomy knowledge compared to baseline.

This study is very important as the feedback and assessment results obtained from the students
will help us in assessing the impact of our novel, web-application on neuroanatomy learning of
undergraduate medical and therapies’ students.

28. Participants (recruitment methods, number, age, gender, exclusion/inclusion criteria, detail
permissions to be sought / secured already)

Second year direct entry medical and third year clinical therapy (occupational and speech and
language sciences’) students at UCC, Ireland will act as potential participants. All students from
above-mentioned cohorts will be invited to participate in the study on a voluntary basis. We aim
to recruit approximately 120 participants. Participation will be voluntary, we therefore expect
that the gender, race or age balance will be reflective of the students’ cohorts selected. Prior
informed consent will be obtained and queries will be addressed. The participants will have the
option of withdrawing from the research at any time. If they decide to so, they will simply have
to notify the principal investigator via email and their data will not be included in any part of the
research.

29. Concise statement of anticipated ethical issues raised by your project. How do you
intend to deal with them? Please address all items where your answers fell into a shaded
box in the self-evaluation above. (350 words max.)

We don’t envisage any ethical issues raised by the project. The control groups will be provided
access to the new learning tool via Blackboard, immediately after the experiment finishes. The
forms and questionnaires will be secured in a locked filing cabinet inside the principal
investigator’s office with limited access to only to the named investigators. The data will be
entered online and secured in a password protected computer. Participation will have no bearing
on classroom assessment and grading. Moreover, the students/participants will not experience
any favour of disfavour by deciding to take part or not to take part in the research. We especially
emphasize that the principal investigator (Dr. Andre Toulouse) is not involved in delivering
lectures and conducting practical lab sessions for any of the participant cohorts, thus eliminating
the chances of pressurizing the students to participate in the research and consequently avoiding
any potential ethical implications arising from such an act.

30. Data:

(a) What type of data will you be storing?

(b) How and where will you store your data? (Provide details for both physical and electronic
documents). (c) For how long will you store the data? (A minimum storage period of 10 years
is required)

(d) Who will have access to the dataset? (Sample prompts: If you plan to make your raw
research dataset available publicly as part of the open data movement, please address your
protocol here. For collaborative/community-based participatory research, please address issues
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such as shared ownership of data, publication of findings, etc. If your funder contractually
requires you to give them access to the ‘raw’ dataset, examine relevant implications, including
appropriate anonymisation, protocols for secure access to the dataset, etc.).

(e) If you are planning to analyse an existing dataset, please outline how the original
consent process allows for your analysis.

Data will be acquired through quantitative assessments (in the form of MCQs; matching-items
and clinical scenario-based questions) and perception questionnaires inquiring about students’
usage of the learning tools. Participants will play around with the learning tool online at their
own convenient time. Pre- and post-assessments will be conducted manually on pieces of paper.
The data will be entered on an excel sheet and will be stored in a password protected and
encrypted computer in principal investigator’s office. In addition, the forms and questionnaires
will be secured in a locked filing cabinet inside the principal investigator’s office with limited
access to only to the named investigators. All data forms will be stored for a duration of 10 years.

31. Arrangements for informing participants about the nature of the study (cf. Question 3)

Participants will be informed about the details of the study inside the classroom, on the day of the
orientation session for upcoming Neuroanatomy module. Participation will be voluntary. Written
informed consent will then be distributed among participants.

32. How you will obtain Informed Consent? (cf. Question 4 - attach relevant form(s)

Written informed consent form will be obtained before commencement of the study (please find
the informed consent form attached with the application).

33. Outline of debriefing process (cf. Question 9). If you answered YES to Questions 19a or
19b, give details here. State what you will advise participants to do if they should
experience problems (e.g. who to contact for help).

We don’t envisage any problem or discomfort arising among participants during the experiment
and after filling in the questionnaires and assessments. However, any question(s)/quer(ies) will
be addressed; before and after the study. For additional questions/comments later, participants
will have the option of contacting the researcher at the following email address:
Muhammad.ajavaid@ucc.ie

34. Estimated start date and duration of project

September 2017 to December 2017 (duration 4 months)

35. Additional information of relevance to your application

Please find the list of quantitative assessment questions and attached. These will randomly
assorted to the pre- and post-quantitative assessment questionnaires while maintaining a similar
difficulty-level. The perception questionnaire for acquiring the qualitative data has been attached
with the application as well.

36. Declarations

I/we agree that should there be unexpected ethical issues arising during the course of this | Yes
study, that I/we will utilize my/our professional/disciplinary code of ethics, and/or notify
UCC SREC, where appropriate

I/we have consulted the UCC Code of Research Conduct (2016) and believe my/our Yes
proposal is in line with its requirements
I/we have consulted the UCC Child Protection Policy and believe my/our proposal is in NA

line with its requirements

37. Signatures

UCC Applicant(s) Academic Supervisor / Tutor / Principal
Investigator
(where applicable)

Date: 04-10-2017 Date: 04-10-2017

313



mailto:Muhammad.ajavaid@ucc.ie

References

REFERENCES

Abushouk Al, Duc NM. 2016. Curing neurophobia in medical schools: Evidence-based
strategies. Med Educ Online 21:32476.

Adams, A. and Cox, A.L., 2008. Questionnaires, in-depth interviews and focus groups. In:
Cairns, Paul and Cox, Anna L. eds. Research Methods for Human Computer
Interaction. Cambridge, UK: Cambridge University Press, 17-34.

Adams CM, Wilson TD. 2011. Virtual cerebral ventricular system: An MR- based three-
dimensional computer model. Anat Sci Educ 4: 340-347.

Albert DV, Yin H, Amidei C, Dixit KS, Brorson JR, Lukas RV. 2015. Structure of
neuroscience clerkships in medical schools and matching in the neurosciences.
Neurology. 85:172-176.

AlHindi M, Rashed B, AlOtaibi N. 2016. Failure rate of inferior alveolar nerve block among
dental students and interns. Saudi Med J 37:84-89.

Allen LK, Eagleson R, De Ribaupierre S. 2016. Evaluation of an online three- dimensional
interactive resource for undergraduate neuroanatomy education. Anat Sci Educ 9: 43-
439.

American Association of Dental Schools. 1992. Curriculum guidelines for neuroanatomy. J
Dent Edu 56: 762-765.

Amunts K, Lepage C, Borgeat L, Mohlberg H, Dicksheid T, Rousseau ME, Bludau S, Bazin
PL, Lewis LB, Oros-Peusquens AM, Shah NJ, Lippert T, Zilles K, Evans AC. 2013.
BigBrain: an ultrahigh-resolution 3D human brain model. Science 340: 1472-1475.

Anderson LW, Krathwohl DR, Airasian PW, Cruikshank KA, Mayer RE, Pintrich PR, Raths

J, Wittrock MC. 2001. A taxonomy for learning, teaching, and assessing: A revision

314



References

of Bloom’s taxonomy of educational objectives. Abridged edition. White Plains, NY:
Longman. 352 p.

Anil S, Kato Y, Hayakawa M, Yoshida K, Nagahisha S, Kanno T. 2007. Virtual 3-
dimensional preoperative planning with the dextroscope for excision of a 4th
ventricular ependymoma. Minim Invasive Neurosurg 50: 65-70.

Anwar K, Shaikh AA, Sajid MR, Cahusac P, Alarifi NA, Al Shedoukhy A. 2015. Tackling
student neurophobia in neurosciences block with team-based learning tool. Med Educ
Online 20:28461.

Arantes M, Barbosa JM, Ferreira MA. 2017. Neuroanatomy education: The impact on
perceptions, attitudes, and knowledge of an intensive course on general practice
residents. Anat Sci Educ 10:465-474.

Arantes M, Ferreira MA. 2016. Changing Times in Undergraduate Studies on
Neuroanatomy. Revista Brasileira de Educacdo Médica 40: 423-429.

Armstrong R, De Ribaupierre S, Eagleson R. 2014. A software system for evaluation and
training of spatial reasoning and neuroanatomical knowledge in a virtual
environment. Comput Methods Programs Biomed 114: 29-37.

Arnts H, Kleinnijenhuis M, Kooloos JG, Schepens- Franke AN, Van Cappellen Van Walsum
AM. 2014. Combining fiber dissection, plastination, and tractography for
neuroanatomical education: revealing the cerebellar nuclei and their white matter
connections. Anat Sci Educ 7: 47-55.

Azer SA, Azer S. 2016. 3D anatomy models and impact on learning: A review of the quality

of the literature. Health Professions Education 2: 80-98.

315



References

Azer SA, Eizenberg N. 2007. Do we need dissection in an integrated problem-based learning
medical course? Perceptions of first-and second-year students. Surg Radiol Anat 29:
173-180.

Bacro TR, Gebregziabher M, Ariail J. 2013. Lecture recording system in anatomy. Anat Sci
Educ 6:376-384.

Baptista FQ, Neto MP, Dias DRC, De Paiva Guimardes M, Brega JRF. 3D content generation
to moodle platform to support anatomy teaching and learning. Computer Systems and
Applications (AICCSA), 2016 IEEE/ACS 13th International Conference of, 2016.
IEEE, 1-6.

Baptista FQ, Neto MP, Dos Santos Baglie LS, Weber SAT, Brega JRF. SPackageCreator3D-
A 3D Content Creator to the Moodle Platform to Support Human Anatomy Teaching
and Learning. International Conference on Computational Science and Its
Applications, 2017. Springer, 605-618.

Barry DS, Marzouk F, Chulak- Oglu K, Bennett D, Tierney P, O'keeffe GW. 2016. Anatomy
education for the YouTube generation. Anat Sci Education 9: 90-96.

Batra APS, Khurana BS, Mahajan A, Kaur N. 2010. Embalming and other methods of dead
body preservation. Int J Med Toxicol Legal Med 12: 15-19.

Bergman EM, Prince KJ, Drukker J, Van Der Vleuten CP, Scherpbier AJ. 2008. How much
anatomy is enough? Anat Sci Educ 1: 184-188.

Berryman DR. 2012. Augmented reality: a review. Medical reference services quarterly 31:
212-218.

Biesalski AS. 2016. Neurological podcasting: A project by students for students. Nervenarzt

87:1332-1338.

316



References

Billings-Gagliardi S, Mazor K. 2009. Effects of review on medical students’ recall of
different types of neuroanatomical content. Acad Med 84(10 Suppl.): S34-37.
Brewer DN, Wilson TD, Eagleson R, De Ribaupierre S. 2012. Evaluation of neuroanatomical

training using a 3d visual reality model. MMVR. 85-91.

Brinkley JF, Bradley SW, Sundsten JW, Rosse C. 1997. The Digital Anatomist information
system and its use in the generation and delivery of Web-based anatomy atlases.
Computers and Biomedical Research 30: 472-503.

Brisbourne MA, Chin SSL, Melnyk E, Begg DA. 2002. Using web- based animations to
teach histology. Anat Rec 269: 11-19.

Calvert MJ, Freemantle N. 2009. Cost-effective undergraduate medical education? J R Soc
Med 102: 46-8

Carmichael SW, Pawlina W. 2000. Animated PowerPoint as a tool to teach anatomy. Anat
Rec 261: 83-88.

Cercone K. 2008. Characteristics of adult learners with implications for online learning
design. AACE Journal 16: 137-158.

Chan LK, Pawlina W (eds.). 2015. Teaching Anatomy: A Practical Guide. Springer
International Publishing, Switzerland.

Chariker JH, Naaz F, Pani JR. 2011. Computer-based learning of neuroanatomy: A
longitudinal study of learning, transfer, and retention. Journal of educational
psychology 103: 19.

Chariker JH, Naaz F, Pani JR. 2012. Item difficulty in the evaluation of computer- based
instruction: An example from neuroanatomy. Anat Sci Educ 5: 63-75.

Charles PD, Scherokman B, Jozefowicz MD, the American Academy of Neurology

Undegraduate Education Subcommittee. How much neurology should a medical

317



References

student learn? A position statement of the AAN Undergraduate Education
Subcommittee. Acad Med 74: 23-26.

Chen KC, Jang SJ. 2010. Motivation in online learning: Testing a model of self-
determination theory. Computers in Human Behavior 26(4): 741-752

Choi-Lundberg DL, Low TF, Patman P, Turner P, Sinha SN. 2016. Medical student
preferences for self-directed study resources in gross anatomy. Anat Sci Educ 9:150—
160.

Chorney K. 1998. Visualizing physiological concepts and research hypotheses: a hypermedia
module of the drainage of the cerebrospinal fluid by lymphatics. The Journal of
biocommunication 25: 25-32.

Choudhury N, Gélinas-Phaneuf N, Delorme S, Del Maestro R. 2013. Fundamentals of
neurosurgery: virtual reality tasks for training and evaluation of technical skills.
World neurosurgery 80: €9-e109.

Choudhury B, Gouldsborough I, Gabriel S. 2010. Use of interactive sessions and e- learning
in teaching anatomy to first- year optometry students. Anat Sci Educ 3: 39-45.

Clunie L, Morris NP, Joynes VC, Pickering JD. 2017. How comprehensive are research
studies investigating the efficacy of technology- enhanced learning resources in
anatomy education? A systematic review. Anat Sci Educ. 11: 303-319.

Cohen AB, Nahed BV, Sheth KN. 2013. Mobile medical applications in neurology. Neurol
Clin Pract 3: 52-60.

Conway S, Tubridy N. 2018. “Neurophobia”: More nurture than nature? Ir Med J 111:710.

Cook C, Heath F, Thompson RL. 2000. A meta-analysis of response rates in web-or internet-
based surveys. Educ. Psychol. Meas. 60: 821-836.

Cook DA. 2007. Web-based learning: pros, cons and controversies. Clin Med 7: 37-42,
318



References

Cook DA, Artino Jr AR. 2016. Motivation to learn: an overview of contemporary theories.
Med Educ 50: 997-1014.

Cook TD. 2007. Randomized experiments in education: Assessing the objections to doing
them. Economics of Innovation and New Technology 16: 331-355.

Cottam WW. 1999. Adequacy of medical school gross anatomy education as perceived by
certain postgraduate residency programs and anatomy course directors. CLIN ANAT
12: 55-65.

Craig S, Tait N, Boers D, Mcandrew D. 2010. Review of anatomy education in Australian
and New Zealand medical schools. ANZ J Surg 80: 212-216.

Cui D, Wilson TD, Rockhold RW, Lehman MN, Lynch JC. 2017. Evaluation of the
effectiveness of 3D vascular stereoscopic models in anatomy instruction for first year
medical students. Anat Sci Educ 10: 34-45.

Da Miller J, Mohl P, Melchiode G. 1991. The cognitive context of examinations in psychiatry
using Bloom’s taxonomy. Med Educ 25: 480-484.

Daffny N, Amini B. 2018. Neuroanatomy Lab Online from the Department of Neurobiology
and Anatomy [Online]. UTHealth Science Centre, Houston, TX, United States. URL.:

http://bit.ly/Lab-Online [Accessed 24 July 2018].

Dashner RA. 2003. Visualizing the cerebral microvasculature: anatomical explorations into
the resolution capabilities of 8 tesla magnetic resonance imaging (Doctoral
dissertation, The Ohio State University).

De Craemer D. 1994. Postmortem viability of human immunodeficiency virus—implications
for the teaching of anatomy. N Engl J Med 331: 1315.

De Leeuw ED. 2005. To mix or not to mix data collection modes in surveys. Journal of

official statistics 21;: 233-255.
319


http://bit.ly/Lab-Online

References

Demiryiirek D, Bayramoglu A, Ustagelebi S. 2002. Infective agents in fixed human cadavers:
a brief review and suggested guidelines. Anat Rec 269: 194-197.

D’Eon MF. 2006. Knowledge loss of medical students on first year basic science courses at
the University of Saskatchewan. BMC Med Educ 6:5.

De Faria JWV, Teixeira MJ, De Moura Sousa Junior L, Otoch JP, Figueiredo EG. 2016.
Virtual and stereoscopic anatomy: when virtual reality meets medical education.
Journal of neurosurgery 125: 1105-1111.

DiLullo C, Coughlin P, D'Angelo M, McGuinness M, Bandle J, Slotkin EM, Shainker SA,
Wenger C, Berray SJ. 2006. Anatomy in a new curriculum: facilitating the learning
of gross anatomy using web access streaming dissection videos. Journal of visual
communication in medicine 29: 99-108.

Drake RL, Lowrie D, Prewitt CM. 2002. Survey of gross anatomy, microscopic anatomy,
neuroscience, and embryology courses in medical school curricula in the United
States. Anat Rec 269: 118-122.

Drake RL, Mcbride JM, Lachman N, Pawlina W. 2009. Medical education in the anatomical
sciences: The winds of change continue to blow. Anat Sci Educ 2: 253-259.

Drake RL, Mcbride JM, Pawlina W. 2014. An update on the status of anatomical sciences
education in United States medical schools. Anat Sci Educ 7: 321-325.

Drapkin ZA, Lindgren KA, Lopez MJ, Stabio ME. 2015. Development and assessment of a
new 3D neuroanatomy teaching tool for MRI training. Anat Sci Educ 8: 502-5009.

Durning SJ, Artino AR. 2011. Situativity theory: A perspective on how participants and the

environment can interact: AMEE Guide no. 52. Med Teach 33; 188-199.

320



References

Ellis H. 2001. Teaching in the dissecting room. Clin Anat: The Official Journal of the
American Association of Clinical Anatomists and the British Association of Clinical
Anatomists 14(2): 149-151.

Ellis H. 2002. Medico-legal litigation and its links with surgical anatomy. Surgery-Oxford
International Edition 20(8), i-ii.

El- Moamly AA. 2008. Problem- based learning benefits for basic sciences education. Anat
Sci Educ 1: 189-190.

Estevez ME, Lindgren KA, Bergethon PR. 2010. A novel three-dimensional tool for teaching
human neuroanatomy. Anat Sci Educ 3:309-317.

Familiari G, Relucenti M, Heyn R, Baldini R, D'andrea G, Familiari P, Bozzao A, Raco A.
2013. The value of neurosurgical and intraoperative magnetic resonance imaging and
diffusion tensor imaging tractography in clinically integrated neuroanatomy modules:
A cross- sectional study. Anat Sci Educ 6: 294-306.

Fantaneanu TA, Moreau K, Eady K, Clarkin C, DeMeulemeester C, Maclean H, Doja A.
2014. Neurophobia inception: A study of trainees’ perceptions of neurology
education. Can J Neurol Sci 41:421-429.

Fillmore EP, Brokaw JJ, Kochhar K, Nalin PM. 2016. Understanding the current anatomical
competence landscape: Comparing perceptions of program directors, residents, and
fourth-year medical students. Anat Sci Educ 9:307-318.

Fjell AM, Walhovd KB. 2010. Structural brain changes in aging: courses, causes and
cognitive consequences. Reviews in the Neurosciences 21: 187-222.

Flanagan E, Walsh C, Tubridy N. 2007. 'Neurophobia'--attitudes of medical students and

doctors in Ireland to neurological teaching. Eur J Neurol 14: 1109-12.

321



References

Foreman KB, Morton DA, Musolino GM, Albertine KH. 2005. Design and utility of a web-
based computer-assisted instructional tool for neuroanatomy self-study and review
for physical and occupational therapy graduate students. Anat Rec 285B:26-31.

Frasca D, Malezieux R, Mertens P, Neidhardt J, Voiglio E. 2000. Review and evaluation of
anatomy sites on the Internet (updated 1999). Surg Radiol Anat 22: 107-110.

Fricker RD, Schonlau M. 2002. Advantages and disadvantages of internet research surveys:
Evidence from the literature. Field Methods 14: 347-367.

Gardner H, Hatch T. 1989. Educational implications of the theory of multiple intelligences.
Educational Researcher 18: 4-10.

George PP, Papachristou N, Belisario JM, Wang W, Wark PA, Cotic Z, Rasmussen K, Sluiter
R, Riboli-Sasco E, Car LT. 2014. Online eLearning for undergraduates in health
professions: a systematic review of the impact on knowledge, skills, attitudes and
satisfaction. J Glob Health 4(1).

Giesel FL, Hart AR, Hahn HK, Wignall E, Rengier F, Talanow R, Wilkinson 1D, Zechmann
CM, Weber M-A, Kauczor H. 2009. 3D reconstructions of the cerebral ventricles and
volume quantification in children with brain malformations. Acad Radiol 16: 610-
617.

Giles J. 2010. Clinical neuroscience attachments: a student’s view of ‘neurophobia’. The Clin
Teach 7: 9-13.

Glittenberg C, Binder S. 2006. Using 3D computer simulations to enhance ophthalmic
training. Ophthalmic Physiol Opt 26: 40-49.

Gogalniceanu P, Palman J, Madani H, Sheena Y, Birch W, Paraskeva P, Douek M. 2010.
Traditional undergraduate anatomy education—a contemporary taboo? ANZ J Surg

80: 6-7.
322



References

Gould DJ, Terrell MA, Fleming J. 2008. A usability study of users' perceptions toward a
multimedia computer- assisted learning tool for neuroanatomy. Anat Sci Educ 1:
175-183.

Granger NA. 2004. Dissection laboratory is vital to medical gross anatomy education. Anat
Rec 281: 6-8.

Greenwald RR, Quitadamo 1J. 2014. A mind of their own: using inquiry-based teaching to
build critical thinking skills and intellectual engagement in an undergraduate
neuroanatomy course. Journal of Undergraduate Neuroscience Education 12: A100.

Grignon B, Oldrini G, Walter F. 2016. Teaching medical anatomy: what is the role of imaging
today? Surg Radiol Anat 38: 253-260.

Gulpinar MA, Isoglu-Alka¢ U, Yegen BC. 2015. Integrated and Contextual Basic Science
Instruction in Preclinical Education: Problem-Based Learning Experience Enriched
with Brain/Mind Learning Principles. Adv Health Sci Educ Theory Prac 15: 1215-
1228.

Gunderman RB, Wilson PK. 2005. Exploring the human interior: The roles of cadaver
dissection and radiologic imaging in teaching anatomy. Acad Med 80: 745-749.

Gupta NB, Khadilkar SV, Bangar SS, Patil TR, Chaudhari CR. 2013. Neurology as career
option among postgraduate medical students. Ann Indian Acad Neurol 16:478-482.

Hamza-Lup FG, Goeser PT, Johnson W, Thompson T, Railean E, Popovici DM, Hamza-Lup
G. 2009. Interactive 3D Web-Based Environments for Online Learning: Case Studies,
Technologies and Challenges. In Mobile, Hybrid, and On-line Learning, 2009.

ELML'09. International Conference on (pp. 13-18). IEEE.

323



References

Hanson C, Wilkinson T, Macluskey M. 2016. Do dental undergraduates think that Thiel-
embalmed cadavers are a more realistic model for teaching exodontia? Eur J Dent
Educ 22: e14-18.

Hazelton L. 2011. Changing concepts of neuroanatomy teaching in medical education. Teach
Learn Med 23:359-364.

Henderson BA, Ali R. 2007. Teaching and assessing competence in cataract surgery. Curr
Opin Ophthalmol 18:27-31.

Hennessy CM, Kirkpatrick E, Smith CF, Border S. 2016. Social media and anatomy
education: Using twitter to enhance the student learning experience in anatomy. Anat
Sci Educ 9: 505-515.

Heylings D. 2002. Anatomy 1999-2000: the curriculum, who teaches it and how? Med Educ
36: 702-710.

Hochman JB, Unger B, Kraut J, Pisa J, Hombach-Klonisch S. 2014. Gesture-controlled
interactive three dimensional anatomy: a novel teaching tool in head and neck
surgery. J Otolaryngol Head Neck Surg 43: 38.

Holla SJ, Ramachandran K, Isaac B, Koshy S. 2009. Anatomy education in a changing
medical curriculum in India: Medical student feedback on duration and emphasis of
gross anatomy teaching. Anat Sci Educ 2: 179-183.

Houck WA, Soares-Welch CV, Montori VM, Li JT. 2002. Learning the thyroid examination—
A multimodality intervention for internal medicine residents. Teach Learn Med
14:24-26.

Howden L, Giddings D, Power H, Aroussi A, Vloeberghs M, Garnett M, Walker D. 2008.
Three-dimensional cerebrospinal fluid flow within the human ventricular system.

Comput Method Biome 11: 123-133.
324



References

Howden L, Giddings D, Power H, Vloeberghs M. 2011. Three-dimensional cerebrospinal
fluid flow within the human central nervous system. Discrete & Continuous
Dynamical Systems-B 15: 957-969.

Hsu H-C K, Wang CV, Levesque-Bristol C. 2019. Reexamining the impact of self-
determination theory on learning outcomes in the online learning environment.
Education and Information Technologies, 1-16.

Huang HM. 2002. Toward constructivism for adult learners in online learning
environments. Brit J. Educ Technol 33: 27-37.

Hudson JN. 2006. Linking neuroscience theory to practice to help overcome student fear of
neurology. Med Teach 28:651-653.

Iskander, M., 2018. Systematic review of the implementation of audience response systems
and their impact on participation and engagement in the education of healthcare
professionals. BMJ Simulation and Technology Enhanced Learning 4:.47-50.

Jaffar AA. 2012. YouTube: An emerging tool in anatomy education. Anat Sci Educ 5: 158-
164.

Jaffar AA. 2014. Exploring the use of a Facebook page in anatomy education. Anat Sci Educ
7:199-208.

Javaid MA, Chakraborty S, Cryan JF, Schellekens H, Toulouse A. 2018. Understanding
neurophobia: Reasons behind impaired understanding and learning of neuroanatomy
in cross-disciplinary healthcare students. Anat Sci Educ 11: 81-93.

Javaid MA, Cryan JF, Schellekens H, Toulouse A. 2019. Evaluation of Neuroanatomy
Web-resources for Undergraduate Education — Educators’ and Students’

perspectives. Pub status: Anat Sci Educ (in-press) doi: 10.1002/ase.1896

325



References

Jilwan A, Shukla V, Baptista C. 2014. The Klingler preparation technique and plastination:
orienting students to three-dimensional neuroanatomy (721.9). The FASEB Journal,
28:721.9.

Joffe H, Yardley L. 2004. Content and thematic analysis. Research methods for clinical and
health psychology 56-68.

Johnson SD, Aragon SR. 2003. An instructional strategy framework for online learning
environments. New Dir Adult Cont Educ 1000:31-43.

Jozefowicz RF. 1994. Neurophobia: The fear of neurology among medical students. Arch
Neurol 51:328-329.

Juanes JA, Prats A, Lagandara ML, Riesco JM. 2003. Application of the visible human
project in the field of anatomy: a review. Eur J Anat 7: 147-160.

Juanes JA, Ruisoto P. 2015. Computer applications in health science education. J Med Syst
39: 97.

Kam KQ, Tan GS, Tan K, Lim EC, Koh NY, Tan NC. 2013. Neurophobia in medical students
and junior doctors—Blame the GIK. Ann Acad Med Singapore 42:559-566.

Karaman T. 2016. The Giant Walkthrough Brain Project: Interactive Medical Education for
the Individual, Classroom, and Beyond. University of Calgary.

Khatoon B, Hill KB, Walmsley AD. 2014. ‘Dental students’ uptake of mobile technologies.
Br Dent J 216: 669-673.

Kim S, Brinkley JF, Rosse C. 2003. Profile of on- line anatomy information resources:
Design and instructional implications. Clin Anat 16: 55-71.

Kim MK, Patel RA, Uchizono JA, Beck L. 2012. Incorporation of Bloom’s taxonomy into
multiple-choice examination questions for a pharmacotherapeutics course. Am J

Pharm Educ 76(6): 114.
326



References

Kirkman MA, Ahmed M, Albert AF, Wilson MH, Nandi D, Sevdalis N. 2014. The use of
simulation in neurosurgical education and training: A systematic review. J Neurosurg
121: 228-246.

Klueber KM. 2003. Neuroanatomy for the dentist in the twenty-first century. J Dent Edu 67:
366-369.

Kockro RA, Amaxopoulou C, Killeen T, Wagner W, Reisch R, Schwandt E, Gutenberg A,
Giese A, Stofft E, Stadie AT. 2015. Stereoscopic neuroanatomy lectures using a
three-dimensional virtual reality environment. Annals of Anatomy-Anatomischer
Anzeiger 201: 91-98.

Kockro RA, Hwang PY. 2009. Virtual temporal bone: An interactive 3- dimensional
learning aid for cranial base surgery. Operative Neurosurgery 64, ons216-ons230.

Krebs C. 2016. Anatomy of the brain, University of British Columbia [Online]. University

of British Columbia, Vancouver, BC Canada. URL: http://bit.ly/UBC-Neuro

[accessed 24 July 2018].

Kiigiik S, Kapakin S, Goktas Y. 2016. Learning anatomy via mobile augmented reality:
Effects on achievement and cognitive load. Anat Sci Educ 9: 411-421.

Kulkarni JP. 2014. Importance of Cadaver dissection—A brief review report. SMU Med J 1:
128-131.

Kusurkar RA, Croiset G, Galindo-Garré F, Ten Cate O. 2013. Motivational profiles of
medical students: association with study effort, academic performance and
exhaustion. BMC Med Educ 13: 87.

Langfield T, Colthorpe K, Ainscough L. 2018. Online instructional anatomy videos: Student
usage, self- efficacy, and performance in upper limb regional anatomy

assessment. Anat Sci Educ 11: 461—-470.
327


http://bit.ly/UBC-Neuro

References

Lemole Jr GM, Banerjee PP, Luciano C, Neckrysh S, Charbel FT. 2007. Virtual reality in
neurosurgical education: part-task ventriculostomy simulation with dynamic visual
and haptic feedback. Neurosurgery 61: 142-149.

Leung K-K, Lu K-S, Huang T-S, Hsieh B-S. 2006. Anatomy instruction in medical schools:
Connecting the past and the future. ADV HEALTH SCI EDUC 11: 209-215.

Lewis EC, Strike M, Doja A, Ni A, Weber J, Wiper-Bergeron N, Sell E. 2011. Web-based
software to assist in the localization of neuroanatomical lesions. Can J Neurol Sci 38:
251-255.

Lewis T, Burnett B, Tunstall R, Abrahams P. 2014. Complementing anatomy education using
three- dimensional anatomy mobile software applications on tablet computers. Clin
Anat 27: 313-320.

Li Q, Ran X, Zhang S, Tan L, Qiu M. 2014. A digital interactive human brain atlas based on
chinese visible human datasets for anatomy teaching. J Craniofac Surg 25: 303-307.

Lim EC, Seet RC. 2008. Demystifying neurology: Preventing ‘neurophobia’ among medical
students. Nat Clin Pract Neurol 4: 462-463.

Liu J, Huang S, Ihar V, Ambrosius W, Lee LC, Nowinski WL. 2010. Automatic model-
guided segmentation of the human brain ventricular system from CT images. Acad
Radiol 17: 718-726.

Liu J, Huang S, Nowinski WL. 2009. Automatic segmentation of the human brain ventricles
from MR images by knowledge-based region growing and trimming.
Neuroinformatics 7: 131-146.

Lobel DA, Elder JB, Schirmer CM, Bowyer MW, Rezai AR. 2013. A novel craniotomy
simulator provides a validated method to enhance education in the management of

traumatic brain injury. Neurosurgery 73: S57-S65.
328



References

Lozanoff S, Lozanoff BK, Sora MC, Rosenheimer J, Keep MF, Tregear J, Saland L, Jacobs
J, Saiki S, Alverson D. 2003. Anatomy and the access grid: exploiting plastinated
brain sections for use in distributed medical education. The Anat Rec 270: 30-37.

Lufler RS, Zumwalt AC, Romney CA, Hoagland TM. 2010. Incorporating radiology into
medical gross anatomy: does the use of cadaver CT scans improve students' academic
performance in anatomy? Anat Sci Educ 3: 56-63.

Machado JAD, Barbosa JMP, Ferreira MAD. 2013. Student perspectives of imaging anatomy
in undergraduate medical education. Anat Sci Educ 6: 163-169.

Mahmud W, Hyder O, Butt J, Aftab A. 2011. Dissection videos do not improve anatomy
examination scores. Anat Sci Educ 4:16-21.

Markram H, Meier K, Lippert T, Grillner S, Frackowiak R, Dehaene S, Knoll A,
Sompolinsky H, Verstreken K, DeFelipe J, Grant S. 2011. Introducing the human
brain project. Procedia Computer Science 7: 39-42.

Martin K, Bessell NJ, Scholten 1. 2014. The perceived importance of anatomy and
neuroanatomy in the practice of speech-language pathology. Anat Sci Educ 7: 28-37.

Mateen FJ, D’eon MF. 2008. Neuroanatomy: a single institution study of knowledge loss.
Med Teach 30: 537-539.

Matthias AT, Nagasingha P, Ranasinghe P, Gunatilake SB. 2013. Neurophobia among
medical students and non-specialist doctors in Sri Lanka. BMC Med Educ 13: 164.

Mayer RE. 2003. The promise of multimedia learning: using the same instructional design
methods across different media. Learn instr 13: 125-139.

Mayer RE, Moreno R. 2003. Nine ways to reduce cognitive load in multimedia learning.

Educ Psychol 38: 43-52.

329



References

Mccarron MO, Stevenson M, Loftus AM, Mckeown P. 2014. Neurophobia among general
practice trainees: the evidence, perceived causes and solutions. Clin Neurol
Neurosurg 122: 124-8.

Mccoy L, Lewis JH, Dalton D. 2016. Gamification and multimedia for medical education: a
landscape review. J Am Osteopath Assoc 116: 22-34.

McColgan P, McKeown PP, Doherty-Allan R, McCarron MO. 2013. Educational
interventions in neurology: A comprehensive systemic review. Eur J Neurol
20:1006-1016.

McCrorie P. 2000. The place of the basic sciences in medical curricula. Med Educ 34: 608-
613.

Mclachlan JC. 2004. New path for teaching anatomy: living anatomy and medical imaging
vs. dissection. Anat Rec 281: 4-5.

Mclachlan JC, Patten D. 2006. Anatomy teaching: ghosts of the past, present and future. Med
Educ 40: 243-253.

Mehrabi A, Gl€uckstein C, Benner A, Hashemi B, Herfarth C, Kallinowski F. 2000. A new
way for surgical education-Development and evaluation of a computer-based
training module. Comput Biol Med 30:97-109.

Menken M. 2002. Demystifying neurology. British Med J 324: 1469-1470.

Mezirow J. 1997. Transformative learning: Theory to practice. New directions for adult and
continuing education 5-12.

Mitov G, Dillschneider T, Abed MR, Hohenberg G, Pospiech P. 2010. Introducing and
evaluting MorphoDent, a web-based learning program in dental morphology. J Dent
Educ 74: 1133-1139.

Moore NA. 1998. To dissect or not to dissect? Anat Rec 253 8-9.
330



References

Moro C, gtromberga Z, Raikos A, Stirling A. 2017. The effectiveness of virtual and
augmented reality in health sciences and medical anatomy. Anat Sci Educ 10: 549-
559.

Morris N, Lambe J, Ciccone J, Swinnerton B. 2016. Mobile technology: students perceived
benefits of apps for learning neuroanatomy. Journal of Computer Assisted Learning
32: 430-442.

Moxham B, McHanwell S, Plaisant O, Pais D. 2015. A core syllabus for the teaching of
neuroanatomy to medical students. Clin Anat 28:706—716.

Moxham B, Plaisant O. 2007. Perception of medical students towards the clinical relevance
of anatomy. Clin Anat 20: 560-564.

Moxham BJ, Plaisant O, Pais D. 2015. The place of neuroanatomy in the curriculum. Eur J
Anat 19: 215-228.

Moxham BJ, Shaw H, Crowson R, Plaisant O. 2011. The future of clinical anatomy. Eur J
Anat 15: 29-46.

Mullaly WJ. 2017. Conquering ‘neurophobia’. Am J Med 130:877.

Murphy KP, Crush L, O'malley E, Daly FE, Twomey M, O'tuathaigh CM, Maher MM, Cryan
JF, O'connor OJ. 2015. Medical student perceptions of radiology use in anatomy
teaching. Anat Sci Educ 8: 510-517.

Naaz F, Chariker JH, Pani JR. 2014. Computer-based learning: Graphical integration of
whole and sectional neuroanatomy improves long-term retention. COGNITION
INSRUCT 32: 44-64.

Neubauer A, Wolfsberger S. 2013. Virtual endoscopy in neurosurgery: a review.

Neurosurgery 72: A97-A106.

331



References

Nicholson DT, Chalk C, Funnell WRJ, Daniel SJ. 2006. Can virtual reality improve anatomy
education? A randomised controlled study of a computer- generated three-
dimensional anatomical ear model. Med Educ 40: 1081-1087.

Nowinski WL. 2017. Human brain atlasing: past, present and future. Neuroradiol J 30: 504-
519.

Nowinski WL, Chua B. 2013. Bridging neuroanatomy, neuroradiology and neurology: three-
dimensional interactive atlas of neurological disorders. Neuroradiol J 26: 252-262.

Nowinski WL, Chua BC, Johnson A, Qian G, Poh LE, Yi SHW, Bivi A, Nowinska NG.
2013. Three-dimensional interactive and stereotactic atlas of head muscles and glands
correlated with cranial nerves and surface and sectional neuroanatomy. J Neurosci
Methods 215: 12-18.

Nowinski WL, Johnson A, Chua BC, Nowinska NG. 2012. Three-dimensional interactive
and stereotactic atlas of the cranial nerves and their nuclei correlated with surface
neuroanatomy, vasculature and magnetic resonance imaging. J Neurosci Methods
206: 205-216.

Nowinski WL, Thaung TSL, Chua BC, Yi SHW, Ngai V, Yang Y, Chrzan R, Urbanik A.
2015. Three-dimensional stereotactic atlas of the adult human skull correlated with
the brain, cranial nerves, and intracranial vasculature. J Neurosci Methods 246: 65-
74.

Nowinski WL, Thirunavuukarasuu A, Ananthasubramaniam A, Chua BC, Qian G, Nowinska
NG, Marchenko Y, Volkau I. 2009a. Automatic testing and assessment of
neuroanatomy using a digital brain atlas: Method and development of computer- and

mobile- based applications. Anat Sci Educ 2: 244-252.

332



References

Nowinski WL, Thirunavuukarasuu A, Volkau I, Marchenko Y, Aminah B, Gelas A, Huang
S, Lee LC, Liu J, Ng TT. 2009b. A new presentation and exploration of human
cerebral vasculature correlated with surface and sectional neuroanatomy. Anat Sci
Educ 2: 24-33.

Nowinski WL, Volkau I, Marchenko Y, Thirunavuukarasuu A, Ng TT, Runge VM. 2009c.
A 3D model of human cerebrovasculature derived from 3T magnetic resonance
angiography. Neuroinformatics 7: 23-36.

Obrez A, Briggs C, Buckman J, Goldstein L, Lamb C, Knight WG. 2011. Teaching clinically
relevant dental anatomy in the dental curriculum: description and assessment of an
innovative module. J Dent Educ 75: 797-804.

O’Byrne PJ, Patry A, Carnegie JA. 2008. The development of interactive online learning
tools for the study of anatomy. Med Teach 30: e260-e271.

Older J. 2004. Anatomy: a must for teaching the next generation. The Surgeon 2: 79-90.

Paas F, Renkl A, Sweller J. 2003. Cognitive load theory and instructional design: Recent
developments. Educ Psychol 38: 1-4.

Paas F, Renkl A, Sweller J. 2004. Cognitive load theory: Instructional implications of the
interaction between information structures and cognitive architecture. Instr Sci 32: 1-
8.

Pabst R. 2009. Anatomy curricula for medical students. What can be learned for future
curricula from evaluations and questionnaires completed by students, anatomists and
clinicians in different countries? Ann Anat 191: 541-546.

Padwick RT, Mcevoy EM, Fielding DE, Gold PJ, Harrison LE, Narasimha Murthy N, Tsyh

Tan C, Brydges S, Abrahams PH. 2014. CoachPod: evaluation of an anatomy

333



References

teaching podcast originally intended for learning anatomy on the move. Eur J Anat
18: 109-117.

Pakpoor J, Handel AE, Disanto G, Davenport RJ, Giovannoni G, Ramagopalan SV. 2014.
National survey of UK medical students on the perception of neurology. BMC Med
Educ 14: 225.

Palomera PR, Mendez J, Babiano P, Prats-Galino A. Applied medical informatics for
neuroanatomy training. Computers in Education (SIIE), 2012 International
Symposium on, 2012. IEEE, 1-6.

Palomera PR, Méndez JAJ, Galino AP. 2014. Enhancing neuroanatomy education using
computer-based instructional material. Comput Hum Behav 31: 446-452.

Panchaphongsaphak B, Burgkart R, Riener R. 2007. Three-dimensional touch interface for
medical education. IEEE transactions on information technology in biomedicine 11:
251-263.

Pani JR, Chariker JH, Naaz F. 2012. Computer- based learning: Interleaving whole and
sectional representation of neuroanatomy. Anat Sci Educ 6: 11-18.

Pani JR, Chariker JH, Naaz F, Mattingly W, Roberts J, Sephton SE. 2014. Learning with
interactive computer graphics in the undergraduate neuroscience classroom. ADV
HEALTH SCI EDUC 19: 507-528.

Parks, T. 2009. Randomized controlled trials in medical education. Journal of the Royal
Society of Medicine 102: 214-214.

Park JS, Chung MS, Hwang SB, Shin BS, Park HS. 2006. Visible Korean Human: its
techniques and applications. Clin Anat 19: 216-224.

Parrish PE. 2009. Aesthetic principles for instructional design. Education Tech Research Dev

57:511-528.
334



References

Parker LM. 2002. Anatomical dissection: why are we cutting it out? Dissection in
undergraduate teaching. ANZ journal of surgery 72: 910-912.

Petersson H, Sinkvist D, Wang C, Smedby O. 2009. Web- based interactive 3D visualization
as a tool for improved anatomy learning. Anat Sci Educ 2: 61-68.

Pickering JD. 2017. Measuring learning gain: Comparing anatomy drawing screencasts and
paper- based resources. Anat Sci Educ 10: 307-316.

Pickering JD. 2017. Developing the Evidence-Base to Support the Integration of
Technology-Enhanced Learning in Healthcare Education. Medical Science Educator
1-3.

Pickering JD, Bickerdike SR. 2017. Medical student use of Facebook to support preparation
for anatomy assessments. Anat Sci Educ 10: 205-214.

Pitiot A, Delingette H, Thompson PM, Ayache N. 2004. Expert knowledge-guided
segmentation system for brain MRI. Neurolmage 23: S85-S96.

Plaisant O, Cabanis E, Delmas V. 2004. Going back to dissection in a medical curriculum:
the paradigm of Necker-Enfants Malades. Surg Radiol Anat 26: 504-511.

Price L. 2004. Individual differences in learning: Cognitive control, cognitive style, and
learning style. Educ Psychol 24: 681-698.

Raftery AT. 2007. Anatomy teaching in the UK. Surgery-Oxford International Edition 25: 1-
2.

Rainsbury R. 2007. Supporting modern postgraduate surgical training programmes in the
United Kingdom through greater use of cadaveric material. Eur J Anat 11: 105.

Reidenberg JS, Laitman JT. 2002. The new face of gross anatomy. Anat Rec 269: 81-88.

Richardson- Hatcher A, Hazzard M, Ramirez- Yanez G. 2014. The cranial nerve skywalk:

A 3D tutorial of cranial nerves in a virtual platform. Anat Sci Educ 7: 469-478.

335



References

Rizzolo LJ, Rando WC, O’Brien MK, Haims AH, Abrahams JJ, Stewart WB. 2010. Design,
implementation, and evaluation of an innovative anatomy course. Anat Sci Educ
3:109-120.

Rudland JR, Pippard MJ, Rennie SC. 2005. Comparison of opinions and profiles of late or
non-responding medical students with initial responders to a course evaluation
questionnaire. Med Teach 27:644-646.

Ruisoto P, Juanes JA, Contador I, Mayoral P, Prats- Galino A. 2012. Experimental evidence
for improved neuroimaging interpretation using three- dimensional graphic models.
Anat Sci Educ 5: 132-137.

Ruiz JG, Cook DA, Levinson AJ. 2009. Computer animations in medical education: a critical
literature review. Med Educ 43: 838-846.

Ruiz JG, Mintzer MJ, Leipzig RM. 2006. The impact of e-learning in medical education.
Acad Med 81: 207-212.

Ryan RM, Deci EL. 2000. Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being. American Psychologist 55(1): 68—
78.

Sanders J. The use of reflection in medical education: AMEE guide no. 44. Med Teach. 2009.
31:685-95.

Sanya EO, Ayodele OE, Olanrewaju TO. 2010. Interest in neurology during medical
clerkship in three Nigerian medical schools. BMC Med Educ 10: 36.

Schirmer CM, Elder JB, Roitberg B, Lobel DA. 2013. Virtual reality—based simulation
training for ventriculostomy: an evidence-based approach. Neurosurgery 73: S66-

S73.

336



References

Schnack H, Pol HH, Baaré WFC, Viergever M, Kahn R. 2001. Automatic segmentation of
the ventricular system from MR images of the human brain. Neuroimage 14: 95-104.

Schon F, Hart P, Fernandez C. 2002. Is clinical neurology really so difficult?. J Neurol
Neurosurg Psychiatry 72:557-559.

Settapat S, Achalakul T, Ohkura M. 2014. Web- based 3D medical image visualization
framework for biomedical engineering education. Computer Applications in
Engineering Education 22: 216-226.

Sharrow Z. 2015. Neuroanatomy Resources. J Electron Resour Med Libr 12: 83-88.

Singh R, Tubbs RS, Gupta K, Singh M, Jones DG, Kumar R. 2015. Is the decline of human
anatomy hazardous to medical education/profession?—A review. Surg Radiol Anat
37:1257-1265.

Slotnick HB, Hilton SR. 2006. Proto- professionalism and the dissecting laboratory. Clin
Anat 19: 429-436.

Sobral DT. 2004. What kind of motivation drives medical students' learning quests? Med
Educ 38: 950-957.

Smith CF, Stabile RI, Finn GM. 2018. Pedagogic research in anatomical sciences: a best
practice guide. Eur. J. Anat. 22: 257-268.

Soozandehfar SMA, Adeli MR. 2016. A critical appraisal of Bloom’s taxonomy. ARJEL 2:
1-9.

Sotgiu MA, Bandiera P, Pirino A, Montella A. 2012. Educational methods in neuroanatomy:
A review. Ital J Anat Embryol 117:5182.

Stepan K, Zeiger J, Hanchuk S, Del Signore A, Shrivastava R, Govindaraj S, lloreta A.
Immersive virtual reality as a teaching tool for neuroanatomy. International forum of

allergy & rhinology, 2017. Wiley Online Library, 1006-1013.
337



References

Stewart P, Nathan N, Nyhof- Young, J. 2007. Design characteristics that affect speed of
information access and clarity of presentation in an electronic neuroanatomy atlas.
Clin Anat 20: 93-110.

Stunt J, Wulms P, Kerkhoffs G, Dankelman J, Van Dijk C, Tuijthof G. 2014. How valid are
commercially available medical simulators? Adv Med Educ Pract 5: 385.

Sugand K, Abrahams P, Khurana A. 2010. The anatomy of anatomy: a review for its
modernization. Anat Sci Educ 3: 83-93.

Svirko E, Mellanby J. 2008. Attitudes to e-learning, learning style and achievement in
learning neuroanatomy by medical students. Med Teach 30: e219-e227.

Svirko E, Mellanby J. 2017. Teaching neuroanatomy using computer- aided learning: What

makes for successful outcomes? Anat Sci Educ 10(6): 560-569.

Tam M, Hart A, Williams S, Heylings D, Leinster S. 2009. Is learning anatomy facilitated
by computer-aided learning? A review of the literature. Med Teach 31: €393-396.

Tam MD. 2010. Building virtual models by postprocessing radiology images: A guide for
anatomy faculty. Anat Sci Educ 3: 261-266.

Taylor DC, Hamdy H. 2013. Adult learning theories: Implications for learning and teaching
in medical education: AMEE Guide No. 83. Med Teach 35: e1561-e1572.

Topping DB. 2014. Gross anatomy videos: student satisfaction, usage, and effect on student
performance in a condensed curriculum. Anat Sci Educ 7: 273-279.

Truell AD, Bartlett JE, Alexander MW. 2002. Response rate, speed, and completeness: A
comparison of Internet-based and mail surveys. Behavior Research Methods,
Instruments & Computers 34: 46-49.

Turney BW. 2007. Anatomy in a modern medical curriculum. Ann R Coll Surg Engl 89: 104-

107.
338



References

Vafa S, Chico DE. 2013. A needs assessment for mobile technology use in medical
education. Int J Med Educ 4: 230-235.

Van de Ridder JM, Stokking KM, McGaghie WC, ten Cate OT. What is feedback in clinical
education? Med Educ. 2008. 42:189-197.

Van Hoeij M, Haarhuis J, Wierstra R, Van Beukelen P. 2004. Developing a classification
tool based on Bloom’s taxonomy to assess the cognitive level of short essay
questions. J Vet Educ 31(3): 261.

Véazquez R, Riesco JM, Juanes JA, Blanco E, Rubio M, Carretero J. 2007. Educational
strategies applied to the teaching of anatomy. The evolution of resources. Eur J Anat
11: 31.

Vos T, Barber RM, Bell B, Bertozzi-Villa A, Biryukov S, Bolliger I, Charlson F, Davis A,
Degenhardt L, Dicker D, Duan L. 2015. Global, regional, and national incidence,
prevalence, and years lived with disability for 301 acute and chronic diseases and
injuries in 188 countries, 1990-2013: a systematic analysis for the Global Burden of
Disease Study 2013. The Lancet 386: 743-800.

Vuchkova J, Maybury T, Farah CS. 2012. Digital interactive learning of oral radiographic
anatomy. European Journal of Dental Education: Official Journal of the Association
for Dental Education in Europe 16: €79-87.

Waterston SW, Stewart 1J. 2005. Survey of clinicians' attitudes to the anatomical teaching
and knowledge of medical students. Clin Anat 18: 380-384.

Wang LL, Hua H, Bilici N, Tenney-Soeiro R. 2016. Gunner Goggles: implementing
augmented reality into medical education. In: Westwood JD, Westwood L, Fellander-
Tsai L, Fidopiastis CM, Liu A, Senger S, Vosburgh KG (Editors). Medicine Meets

Virtual Reality 22. Amsterdam, Netherland: 10S Press BV. p 446-449.
339



References

Watson BA, Reyna C, Krishnan R, "Xak™ Daffin WC. 2018. Neuroanatomy Online, an open-
access electronic laboratory for the neurosciences [Online]. McGovern Medical
School, University of Texas Health Sciences Centre at Houston, TX, United States.

URL.: http://bit.ly/Texas-Neuro [accessed 24 July 2018].

Webb AL, Choi S. 2014. Interactive radiological anatomy eLearning solution for first year
medical students: development, integration, and impact on learning. Anat Sci Educ
7: 350-360.

Weinstock P, Rehder R, Prabhu SP, Forbes PW, Roussin CJ, Cohen AR. 2017. Creation of a
novel simulator for minimally invasive neurosurgery: fusion of 3D printing and
special effects. Journal of Neurosurgery: Pediatrics 20: 1-9.

Werkmeister RJ. 2015. Developing an Educational Resource for Increasing Long-Term
Retention of Cerebellar Circuitry and Pathways Implementing the Principles of
Enduring Understanding (Doctoral dissertation).

Westwood J. 2016. Gunner Goggles: implementing augmented reality into medical
education. Medicine Meets Virtual Reality 22: NextMed/MMVR22, 220, 446.
Wigfield A, Eccles JS. 2000. Expectancy-value theory of achievement motivation. Contemp

Educ Psychol 25: 68-81.

Yammine K, Violato C. 2015. A meta- analysis of the educational effectiveness of three-
dimensional visualization technologies in teaching anatomy. Anat Sci Educ 8: 525-
538.

Yeung JC, Fung K, Wilson TD. 2011. Development of a computer- assisted cranial nerve
simulation from the visible human dataset. Anat Sci Educ 4: 92-97.

Yeung JC, Fung K, Wilson TD. 2012. Prospective evaluation of a web-based three-

dimensional cranial nerve simulation. J Otolaryngol Head Neck Surg 41: 426-436.

340


http://bit.ly/Texas-Neuro

References

Young JQ, Van Merrienboer J, Durning S, Ten Cate O. 2014. Cognitive load theory:
Implications for medical education: AMEE guide no. 86. Med Teach 36: 371-384.

Youssef FF. 2009. Neurophobia and its implications: evidence from a Caribbean medical
school. BMC Med Educ 9: 39.

Zhang SX, Heng PA, Liu ZJ. 2006. Chinese visible human project. Clin Anat 19: 204-215.

Zhu E, Hadadgar A, Masiello I, Zary N. 2014a. Augmented reality in healthcare education:
an integrative review. PeerJ 2: e469.

Zhu H, Wang W, Sun J, Meng Q, Yu J, Qin J, Heng P-A. 2014b. An interactive web-based
navigation system for learning human anatomy. Advanced Technologies, Embedded
and Multimedia for Human-centric Computing. Springer.

Zinchuk AV, Flanagan EP, Tubridy NJ, Miller WA, Mccullough LD. 2010. Attitudes of US
medical trainees towards neurology education: "Neurophobia” - a global issue. BMC
Med Educ 10: 49.

Zurada A, Gielecki JS, Osman N, Tubbs RS, Loukas M, Zurada-Zielinska A, Bedi N, Nowak
D. 2011. The study techniques of Asian, American, and European medical students
during gross anatomy and neuroanatomy courses in Poland. Surg Radiol Anat

33:161-169.

341



