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ACROSS THE SPECTRUM OPEN ACCESS

The First Issue
Innovations in Teaching, Assessment, and Developing a Robust Educational Pipeline
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The first issue of Neurology® Education is here. The journal publishes original research articles,
curriculum innovations, and evidence-based teaching in neurologic education across all stages of
training. Since launching in April, the journal has received numerous important papers on
educational scholarship in the clinical neurosciences. Articles are published online continuously
allowing rapid dissemination for authors. To facilitate reading, articles are assembled periodically
into issues and are arranged thematically to engage readers and organize content around com-
mon themes. In this issue, readers will find articles arranged thematically in 3 areas: (1) novel
approaches to teaching clinical neurology with a focus on curricular lessons learned from the
coronavirus disease 2019 (COVID-19) pandemic, (2) narrative evaluations and how a faculty
development program can improve narrative assessment of medical students, and (3) innovative
curricula that enhance the pipeline of students pursuing careers in clinical neuroscience.

Innovations in Teaching
The COVID-19 pandemic catalyzed widespread adoption of online and eLearning initiatives.
Lessons learned from these past 2 years are now influencing the next steps in how clinicians are
trained in clinical neuroscience. In the first article in the issue, Albin et al.1 address a fundamental
question in simulation education: are high-fidelity manikins equivalent in educational value to
live actors? They performed a pilot study exploring neurology resident performance on a
simulated neurologic emergency, and they show similar improvements in knowledge and con-
fidence with the use of standardized patients and manikins. They discuss how manikins can
overcome barriers of cost and lack of standardization, and contrast these with the benefits of
direct feedback to learners with standardized patients. Ultimately, high quality debriefing may
have been a key ingredient in both settings.

Small residency and subspecialty fellowship programs in neurology, neurosurgery, and psychiatry
face unique challenges because of limited resources and the need to standardize curricula. Program
directors struggle to deliver comprehensive didactics or create networking for 1 or 2 fellows. The
second article in this issue, by Peters et al.,2 describes the implementation of an interinstitutional
online seminar series in neuroimmunology. The program brought together fellows from across
the nation to learn neuroimmunology. The lessons learned by this group include how to harness
excitement for interinstitutional learning, how to deliver standardized teaching, and how col-
laboration between fellows can actually be achieved online. The article is relevant to fellowship
program directors in the clinical neurosciences who are struggling with similar challenges.

Narrative Assessment in Clinical Neuroscience
The next article in this issue addresses a key aspect of evaluation in clinical training: narrative
assessment. According to the Accreditation Council for Graduate Medical Education Milestone
Project, meaningful narrative assessment is a vital component of direct observation and is often
the most helpful information for program directors.3 Clinical competency committees (CCCs)
rely on meaningful narrative comments when making milestone determinations. In the study by

From the Department of Neurology, Wake Forest University School of Medicine, Winston Salem, NC.
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Mooney et al.,4 a faculty development program informed by
the theory of deliberate practice significantly improved the
quality of narrative assessments. This study provides a frame-
work for other clerkships, residencies, and CCCs seeking to
improve narrative feedback.

Bringing Awe and Excitement Back
Into Training
Educating and evaluating the future generation of clinicians in
the neurosciences could not be more important today. The
global burden of neurologic disease is expanding and will
continue to outpace the supply of neurologists, neurosurgeons,
and psychiatrists.5-7 In the past half decade, the number of
undergraduate institutions with neuroscience majors has in-
creased by 41%.8 However, graduate training is not keeping
pace. Today, only 2.5% of medical students select a career in
neurology; 1% select neurosurgery; and 6% select psychiatry.9

Many have suggested that the complexity of the nervous sys-
tem, the lack of engaging neuroscience teaching, and a failure
to link basic neuroscience to clinical neurology early in training
result in neurophobia and contribute to the attrition away from
careers in clinical neuroscience.10Much has beenwritten about
neurophobia. Although arguably, little success has been made
since its description in 1994.11 In many ways, this may be the
result of a misdiagnosis. Many fields in medicine are complex.
Linking basic science concepts to clinical medicine is an aspi-
ration not just for neurology but for many fields that are taught
in medical school. Neurology is not a mandatory clerkship at
some institutions, but the same is true for wildly popular fields
such as anesthesiology and radiology.

Inmany respects, what lies at the root of neurophobiamay be a
loss of the excitement and amazement for the brain. Do you
remember the first time you were truly fascinated by the ner-
vous system? For so many clinicians, the initial draw into the
field was an awe with the brain, mind, or psyche. Un-
dergraduate students majoring in neuroscience often develop
an unquenchable thirst for this fascination and frontier. The
transition to learning clinical pathology has a tendency to re-
place excitement about the brain with a disillusionment for
neurologic disease? Several articles in this issue explore cur-
ricula that bring fascination and excitement back into clinical
neuroscience at different stages of the transition from un-
dergraduate to medical school.

In the first of these articles, Minen et al.12 present results of a
large survey of 140 basic neuroscience faculty instructors. The
authors sought to identify opportunities to bring clinical neu-
rology into undergraduate neuroscience instruction. The arti-
cle provides a roadmap for integrating the excitement of
clinical neurology early into undergraduate training. In the next
article, Fuentes et al.13 present a longitudinal PreDoc program
that links undergraduate institutions with clinical training pro-
grams. Students peer into the lives of neuroscience clinicians and
identify the passions and sense of belonging that pursuing a

career in neurology brings. This program also addresses diversity
and inclusion describing how unique barriers can be overcome
for students from marginalized backgrounds. In the final article,
Sanderson et al.14 bring the excitement of procedural neurology
to second-year medical students and link the learning of basic
neuroscience with the fun of procedural medicine.

This issue appeals to educators at all levels of neurologic and
neuroscience training and reflects the journals’ mission to
publish high-quality education research relevant to all fields, all
professions, and all learners in the clinical neurosciences. We
welcome your submissions. Happy reading.

Study Funding
No targeted funding reported.

Disclosure
R. Strowd serves a consultant for Monteris Medical Inc., re-
ceives an editorial stipend as Editor of Neurology: Education,
and has received research/grant support from the American
Academy of Neurology, American Society for Clinical On-
cology, American Board of Psychiatry and Neurology, and Jazz
Pharmaceuticals. Go to Neurology.org/NE for full disclosures.
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Pictorial Review of Lesion Localization for Patients
With Stroke, Upper Limb and Lower Limb Pathology
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Localization is a foundational skill in clinical neuroscience and a vital aspect of teaching and learning
for students and educators. Stroke syndromes, brachial plexus injury, and lumbosacral nerve
pathology are among some of themost challenging clinical scenarios for learners to understand and
master. The 3 images in this article are teaching tools for learners and teachers in clinical neuro-
science. The “Vascular Localization of Stroke” image is a reference tool for learning cerebrovascular
anatomy and the effect of a cerebrovascular accident, according to the location of the lesion. The
“Upper Limb Pathology” and “Lower Limb Pathology” images are handout tools for learning how
lesions to peripheral nerves or spinal nerve roots present with sensory and/or motor deficits.

From TCU School of Medicine, Fort Worth, Texas.
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See one, do one, teach one. It is thismantra that has been taught inmedicine for generations. Fulfilling
this approach requires exposure, then proficiency, and finally the gift of paying it forward. When it
comes to neuroscience pipeline programs today, the need to pay it forward never rang more true.

By 2025, the shortage of clinical neurologists is expected to be 19%.1 Current trends in neurology,
neurosurgery, and psychiatry residencies and fellowships do not indicate that a solution is near.
One study found that from 2007 to 2018, the percentage of US and international neurology
residents has diminished over time.2 Early exposure and mentorship are 2 critical ingredients that
must be accomplished for students to envision themselves in a neurology career. Students must
gain exposure to clinical neuroscience and see how basic science can be applied to a patient with
neurologic disease. With exposure, the concept of self-efficacy emerges. Self-efficacy is “an in-
dividual’s belief in his or her capacity to execute behaviors necessary to produce specific [out-
comes],” and “reflects confidence in the ability to exert control over one’s own motivation,
behavior, and social environment.”3,4 This confidence is a predictor of success in science, tech-
nology, engineering, and mathematics fields. After achieving a neurology career, the cycle con-
tinues; the mentee becomes the mentor, and this perpetuates the pipeline.

This issue ofNeurology® Education includes 3 articles which describe new innovations to achieve
earlier exposure in pipeline programs. These studies demonstrate feasibility in fostering interest in
the neurosciences. The article, “Education Research: Bridging the Undergraduate Neurosciences
With Clinical Neurology: Neuroscience Faculty Perspectives,” highlights the current landscape.5

While neuroscience is the fifth most common undergraduate major for medical students, neu-
rology is considered a viable career path by only 2.7% of students entering medical school.6 This
study shows that most undergraduate neuroscience courses include discussions about neurologic
conditions, but only a few highlight the dearth of neurologists and even fewer opportunities exist
for students to engage clinically with neurologists or neurosurgeons—a challenge that has only
further worsened with coronavirus disease 2019 pandemic restrictions. In their study,Minen et al.
report on results of a survey of 140 neuroscience faculty. The barriers that emerged for these
neuroscience faculty were the same as those for students. These include lack of exposure or
clinical contacts, inadequate resources, financial hardship and time constraints, regional limita-
tions, and student interest, experience, and discomfort. The most common suggestions for
improvement were funding for neurology research experiences, financial support to attend
conferences, and connecting with local neurologists. This article also provides suggestions on how
to incorporate clinical links into basic neuroscience courses including broader access to clinical
journals, opportunities for students and neuroscience faculty to attend national meetings, in-
person or virtual shadowing, and opportunities for students to hear what a journey into neurology
looks like for faculty. By providing clinical correlation and exposure to practicing physicians,
students can envision a career in clinical neurology during their foundational undergraduate years.

Sanderson et al. demonstrate a pathway to early clinical exposure in the article, “Education Research:
Enhancing Medical Student Interest in Careers in the Clinical Neurosciences Through a Hands-on
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ProcedureWorkshop.”7 In this study, preclinical medical students
gained exposure to procedural skills in the neurosciences. The
hands-on workshop significantly increased interest in the neuro-
sciences. For students who had no interest in neurology, 82% had
an increase in interest in the field. This voluntary workshop tar-
geted second-year students suggesting that clinical exposure
during the preclerkship years may be an opportune time to excite
medical students with procedural aspects of the field.

It is important that while there is a shortage of neurologists in the
United States today, the gap in underrepresented neurologists is
even more dire. The data are sobering. The Association of
AmericanMedical Colleges report,Altering the Course, BlackMales
in Medicine, warns that fewer Black men are applying to US
medical schools today than 30 years ago. In 1978, there were
1,410 Black male applicants which declined to only 1,337 in
2014.8 The data are no better in residency. The percentage of
residents and fellows who are underrepresented in medicine
(URM) has decreased since 2011 when compared with the US
population. Even when comparing with the percentage of active
physicians who are URM, the proportion of underrepresented
trainees is lower in neurology residencies and fellowships.2 Lack of
mentorship and role models play a significant role in the number
of underrepresented students pursing medical careers.9 The
pathway into medicine is arduous. There are many obstacles in-
cluding financial barriers, negative academic experiences in science
gateway courses, feelings of isolation, and bias that may prohibit
underrepresented students from pursuing careers in medicine.10

Underrepresentation of minority students in medical schools is
problematic because diversity improves all students’ academic
experiences and their ability to work with patients from differing
backgrounds.11 The article titled “Curriculum Innovations:
Creation of a Longitudinal, Neurology-Centered Pipeline Pro-
gram to Motivate and Support Students From Racial/Ethnically
Marginalized Groups” draws on research showing that lack of
exposure and mentorship are barriers to pursuing neurology for
underrepresented students.12 In this study, a pipeline mentor-
ship program provided a cost-efficient approach to overcoming
these barriers for undergraduate students. The program uses a
tiered mentorship model—similar to residency—with a senior
faculty mentor and junior medical students who serve as near
peers to the undergraduate students. Clinical exposure was de-
livered through large group meetings covering professional en-
hancement topics, clinical cases, shadowing opportunities, and a
clinically oriented project. The program provided a staggering
507 contact points over a 2-year period for prehealth un-
dergraduate students who were URM. There was a preference
for first-generation low-income students. Sixty percent of par-
ticipants noted additional benefits aside from the core compo-
nents including letters of recommendation for summer
opportunities and medical school as well as access to research
opportunities. Other intangible benefits were achieved and are
evident in the narrative comments in Table 5 of the article.

These 3 articles spotlight the shortage of neurologists and
practical ways to capture more students’ interest in clinical

neurology. With the current demand exceeding the supply,
there is an onus on the community to deliver programs that
increase exposure to clinical neuroscience and share our
personal journeys. This is particularly important for re-
cruitment of individuals who are URM. Underrepresented
clinicians return to their communities and mentor within the
inclusion, diversity, equity and access space, thus coming full
circle.13 They see one, do one, teach one. However, we must
avoid reliance on this diversity tax. The entire neurology
community should band together and deliver mentorship to
underrepresented individuals to boost the pipeline. With
continued research on neuroscience pipelines, we must
continue to establish best practices and foster networking
and clinical exposure for students. By supporting the pipe-
line into clinical neurology, we can meet the demand and
improve the care of patients.
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Abstract
Background and Objectives
Simulation training has been increasingly adopted in neurology as an engaging way to promote
active learning in a safe environment while offering a reproducible platform for real-time
feedback. However, despite the increase in simulation programs, there remains uncertainty
about which type of high-fidelity platform would best promote trainee knowledge and confi-
dence acquisition. The objective of this study is to investigate whether increases in resident
knowledge and confidence differ when a simulation course for acute neurology emergencies
uses a standardized patient vs a manikin-video format. We also investigated trainees’ man-
agement deviations from the treatment guidelines.

Methods
Over 5 sessions, 20 junior neurology residents participated in a simulation training course in
which they managed 3 neurologic emergencies: right middle cerebral artery stroke, status
epilepticus, and pontine hemorrhage causing coma. Residents in the standardized patient group
interacted with a live actor for the cases in which the patient was conscious. Residents in the
manikin-video group interacted with a manikin for all 3 cases. Before and after the course,
residents completed a 40-question multiple-choice test and a survey about their self-perceived
confidence in handling 15 neurologic emergencies. To create an element of internal validity, 9
items were represented in the course curriculum and 6 were not. During the simulation, a
detailed behavior checklist was used to assess decision-making and guideline adherence. All
residents answered items about the educational quality of the simulation sessions.

Results
Residents had significantly higher scores on the knowledge assessment after the training session
(pre: 49% vs post: 72%, p < 0.001, effect size 91%). There was no statistically significant
difference between the 2 groups—each increasing 23% (p = 0.977). Regardless of group
assignment, the median self-reported confidence score improved by 1 point on a Likert scale
across the topics taught in the course. The behavior checklist demonstrated significant varia-
tions in treatment practices and provided targeted areas for feedback and teaching.

Discussion
This pilot study suggests that trainees’ knowledge and confidence in the management of
neurologic emergencies increase after simulated encounters, regardless of whether a live actor
or manikin simulation platforms is used. The use of a behavior checklist uncovered important
variations in guideline adherence among novice physicians.

From the Department of Neurology (C.A.), Emory University School of Medicine, Atlanta, GA; Departments of Surgery (E.P.), and Emergency Medicine (J.A.G.), Massachusetts General
Hospital, Harvard Medical School, Boston; MGH Learning Laboratory (E.P, J.A.G), Massachusetts General Hospital, Boston; Department of Neurology (D.M.), University of Toledo, OH;
and Department of Neurology (S.F.Z.), Massachusetts General Hospital, Harvard Medical School, Boston.

Go to Neurology.org/NE for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0 (CC BY), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Copyright © 2022 American Academy of Neurology 1

http://dx.doi.org/10.1212/NE9.0000000000200004
mailto:catherine.sw.albin@emory.edu
https://ne.neurology.org/lookup/doi/10.1212/NE9.0000000000200004
http://creativecommons.org/licenses/by/4.0/


Neurology trainees commonly serve as first-line responding
clinicians for neurologic emergencies.1,2 Many neurology
residency programs report that a large proportion of their
residents’ knowledge of neurocritical care principles is
obtained through traditional lecture-only didactic series and
self-directed learning.1 Unlike traditional learning, simulation
offers trainees the opportunity to participate in deliberate,
standardized practice, as well as receive timely, directed
feedback onmanagement without the risk of harm to patients.

There is mounting evidence that simulation training can im-
prove performance in acute ischemic stroke,3,4 increase
trainee knowledge and comfort with brain death testing,5-8

and improve adherence (or demonstrate nonadherence) to
the epilepsy guidelines for status epilepticus.9,10 Yet, despite a
growing body of evidence that supports simulation training,
there remains uncertainty about how best to create an au-
thentic simulated experience for neurology trainees, given that
neurologic findings may be difficult to replicate with a man-
ikin.9,10 Pioneering studies have used manikin-based curric-
ulum,4,6,7,9,10 standardized patient-based curriculum,3 or a
hybrid of the 2.5,8 However, within neurology, it is not known
whether knowledge and/or confidence differentially increase
when the simulated environment uses a standardized patient
or a manikin simulator to portray a conscious patient.

The primary aim of this study was to compare the effect of
participating in one of the 2 high-fidelity simulation courses
on resident knowledge and confidence. The courses were the
same except that in the one format, a manikin was used,
regardless of patient consciousness, and in the other, a stan-
dardized patient acted in the case if the patient was conscious.
Our secondary aim was to investigate the areas of trainee
deviation from the current treatment guidelines in the di-
agnosis and management of acute ischemic stroke, status
epilepticus, and acute coma with elevated intracranial pres-
sure (ICP).

Methods
Study Design, Enrollment, and Randomization
The protocol was submitted and approved by The Mas-
sachusetts General Hospital Institutional Review Board. This
prospective, nonblinded study was performed at the Mas-
sachusetts General Hospital’s simulation center during July and
August 2018. All residents signed written consent to participate.

Eighteen postgraduate year (PGY)-2 adult neurology residents
and 2 PGY-3 child neurology residents (n = 20 participants)

participated in the simulation curriculum as part of a new
training innovation. Residents were assigned to one of the 5
dates according to their clinical schedules because the simula-
tions required a morning free of clinical responsibilities. Resi-
dents (n = 10) who were assigned to the first, second, or fifth
training date were assigned to the standardized patient group
(group SP) and completed a curriculum inwhich there was a live
actor for cases with a conscious patient (the acute ischemic
stroke and seizure cases). Residents (n = 10) who were assigned
to the third or fourth trainee date were assigned to the manikin
with video supplement group (group MV). These residents
interacted with a manikin for the entire course. Regardless of
platform assignment, all residents completed the same 3 cases:
rightmiddle cerebral artery (MCA) acute ischemic stroke, status
epilepticus, and pontine hemorrhage causing coma.

During the simulation course, residents worked as a group
(3–5 residents per team) and were encouraged to appoint a
different team leader for each case. The team leader was
instructed to assign roles to other team members; roles in-
cluded gathering history, examining the patient, reviewing
vital signs, and administering medications.

Cases
A neurology-boarded medical simulation fellow (C.A.) and
board-certified neurointensivist (S.F.Z.) constructed the 3
cases for the curriculum based on commonly encountered
diagnoses that have Neurocritical Care Society–endorsed
protocols to guide best practice13-15—ischemic stroke, coma/
intracerebral hemorrhage (ICH), and status epilepticus. In
addition, these cases were selected for their relevance to
specific Accreditation Council for Graduate Medical Educa-
tion milestones for neurology trainees.17

Table 1 summarizes the major clinical objectives for each case.
Objectives were based on the Neurocritical Care Society–
endorsed guidelines13-15 and were determined by a neurologist
(C.A.) and neurointensivist (S.F.Z.). A detailed behavior
checklist for each case is available in eTable 1 (links.lww.com/
NE9/A3). All 3 complete cases are available in the supplemental
material (eCase ischemic stroke, links.lww.com/NE9/A0; eCase
intraparenchymal hemorrhage, links.lww.com/NE9/A1; and
eCase status epilepticus, links.lww.com/NE9/A2).

Case 1
The first case was a patient with a right MCA stroke who met
criteria for tissue plasminogen activator (tPA) administration
and endovascular thrombectomy. The case required trainees
to accurately identify an acute stroke, perform a NIH Stroke
Scale (NIHSS), order urgent imaging, screen and consent for

Glossary
AHA = American Heart Association; ASA = American Stroke Association; groupMV = manikin with video supplement group;
group SP = standardized patient group; ICP = intracranial pressure; MCA = middle cerebral artery; NeuroICU = neurologic
intensive care unit; NIHSS = NIH Stroke Scale; PGY = postgraduate year; tPA = tissue plasminogen activator.
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tPA, and consider endovascular intervention. After tPA ad-
ministration, the patient clinically deteriorated because of an
acute drop in blood pressure. This change required trainees to
consider the differential for patient deterioration after tPA
administration.

Case 2
The second case demonstrated a patient with a subacute
mental status change secondary to a large and previously
undiagnosed frontal tumor. While residents considered the
cause of these behavioral changes, the patient had a prolonged
seizure, which did not terminate with the first round of ben-
zodiazepine treatment andmet criteria for status epilepticus.15

Trainees were required to demonstrate appropriate airway
management, benzodiazepine dosing, and choice of antisei-
zure medication. When obtained, the CT scan revealed a large
right frontal tumor with the surrounding edema. The trainees
were prompted to consider treatment for symptomatic cere-
bral edema.

Case 3
In case 3, the patient was comatose. Given the inability to
intubate a live actor and the discomfort of coma examination,
here, both groups interacted with an intubated manikin. At
the start of the case, trainees needed to recognize hyperten-
sion and bradycardia. Trainees were required to perform a
focused coma examination and request appropriate labs and
imaging. Once obtained, CT imaging demonstrated a large
pontine hemorrhage with resultant hydrocephalus. Trainees
were then required to identify that the treatment of hyper-
tension, reversal of anticoagulation, and consultation to
neurosurgery were the appropriate next steps.

Learner Knowledge and
Confidence Assessment
Medical knowledge about the management and workup of
neurologic emergencies was assessed before and after the
course using a 40-question multiple choice test developed by
the course facilitators for the sole purpose of this course (C.A.

and S.F.Z.). These questions were based on the American
Heart Association/American Stroke Association (AHA/ASA)
Acute Ischemic Stroke Guidelines,13 the AHA/ASA Guide-
line for Intracranial Hemorrhage,14 and the Neurocritical
Care Society Guidelines for the Evaluation and Management
of Status Epilepticus.15 An analysis of the theme of each
question is available in the supplementary material (links.lww.
com/NE9/A3). Participants were not told about the content
areas before the test. The test was distributed by email 1 week
prior to the course, and trainees were instructed to answer
questions to the best of their ability without using any outside
resources. They did not receive any explanations or receive a
score after the pretest. The posttest questions were distrib-
uted by email immediately after the course, and participants
were asked to complete it within 3 days. After the completion
of all course work, residents received an answer key with
detailed explanations for all questions.

Trainees were also surveyed on their confidence in managing
various neurologic emergencies before and after the simulation.
To create internal validity, we surveyed 9 neurologic emergen-
cies that were included in the course learning objectives and 6
that were not (eTable 3, links.lww.com/NE9/A3). Trainees
were asked to rate their confidence on a scale of 0–4, where 0 =
not at all confident, 1 = not very confident, 2 = somewhat
confident, 3 = very confident, and 4 = extremely confident. After
the course, trainees completed the same confidence survey.

A component of the anonymous course feedback included
directly eliciting trainee sentiment on the effect of an SP on
the realness of the scenario and quantity of learning. Trainees
in the standardized patient group were asked if they felt that
SPs increased the case realness and, separately, if the SPs
increased the amount they learned. Their options were to
select yes or no accordingly. The trainees in the manikin-only
platform were asked to consider if they thought SPs would
improve the course as well as if they thought that SPs would
have increased the amount they learned. All trainees were
asked to rate the session for enjoyment and applicability.

Table 1 Major Clinical Objectives for Each Case

Case 1 (acute ischemic right MCA stroke case) Case 2 (status epilepticus case) Case 3 (comaand pontine hemorrhage case)

Recognize hemiplegic weakness, neglect, and gaze deviation
as consistent with an acute ischemic stroke
Calculate an NIHSS
Screen for contraindications to tPA
Administer tPA with correct dosing once BP is appropriately
controlled
Identify criteria to involve the endovascular team
Recognize the differential for acute worsening in neurologic
examination after tPA: hemorrhage vs blood
pressure–dependent examination

Formulate a differential diagnosis and an
appropriate laboratory workup for subacute
neurologic deficits
Respond to acute onset seizure
Recognize status epilepticus and implement
guideline-recommended treatment for
status epilepticus.
Review indications for intubation in patients
with status epilepticus
Formulate a differential diagnosis of first-
time seizure
Recognize significant, symptomatic
vasogenic edema

Identify features for coma caused by a
structural etiology
Perform a coma examination (mental status,
cranial nerves testing, noxious stimulation to all
extremities)
Recognize the effect of sedation on the
neurologic examination
Order appropriate neuroimaging: head CT and
CTA head and neck
Institute management of ICH: BP control and
reverse coagulopathy
Identify radiographic features of
hydrocephalus
Consult neurosurgery

Abbreviations: BP = blood pressure; CTA = CT angiogram; ED = emergency department; ICH = intracerebral hemorrhage; ICP = intracranial pressure; MCA =
middle cerebral artery; NIHSS = NIH Stroke Score; NSGY = neurosurgery; tPA = tissue plasminogen activator.
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Some residents (n = 5) had already had a 2-week neurologic
intensive care unit (NeuroICU) rotation before their simu-
lation course. In an effort to account for any confounding
effect of NeuroICU time before the course, trainees were
asked to select yes or no regarding prior NeuroICU time on
the precourse survey and knowledge test.

Behavior Checklist and Debriefing
To guide and facilitate directed debriefing, a detailed behavior
checklist (eTable 1, links.lww.com/NE9/A3) was used to
record what trainees did or failed to do during the simulation.
Points on the checklists were derived from society-endorsed
protocols for the management of each condition.13-15 The
facilitator (C.A.) completed the checklists during each case. A
short PowerPoint presentation was given at the end of each
debriefing session which covered high-yield material and en-
sured all groups received the same core teaching.

Equipment and Personnel
The SimMan Essential manikin (Laerdal Medical, Wap-
pingers Falls, NY) was used in our cases. The required neu-
rologic examination findings were portrayed on request using
video supplements of real neurologic findings. These were
obtained from consented patients who agreed to the use of
their examination for teaching purposes. These were trimmed
into individual examination components—for example, 1 clip
demonstrated a patient’s pupillary response to light. For the
pontine hemorrhage coma case, the manikin was intubated
prior to resident engagement. When requested by trainees,
the monitor displayed heart rate and rhythm, blood pressure,
and oxygen saturation. SPs were provided the script for the
stroke and seizure case and attended a separate training date
where they received teaching by a neurologist in how best to
demonstrate neurologic examination findings including
seizure-like activity and stroke.

Statistical Analysis
Statistical analysis was performed with SPSS version 24. A 2 ×
2 repeated measures analysis of variance was used to assess for

differences from pretest to posttest for the 2 groups. Partial eta
squared was used to calculate the effect size. An independent t
test was used to test for differences between the 2 in-
dependent groups, such as those with NeuroICU experience
and those without. Chi square was used to evaluate differences
in proportions of residents on relevant measures. Statistical
significance was p = 0.05. Effect sizes are reported for each
analysis.

Data Availability
The deidentified participant data for all surveys and testing are
available by request. The details of each case are included in
the supplemental material (links.lww.com/NE9/A0, links.
lww.com/NE9/A1, links.lww.com/NE9/A2). The surveys,
the knowledge test, and the teaching PowerPoints are avail-
able by request.

Results
Baseline demographics of the participants are described in
Table 2.

Knowledge
Figure 1 displays the average score on the 40-question
multiple-choice knowledge test, which was administered be-
fore and after the course. Thematic analysis of the questions is
available in the supplemental material including an analysis of
percent correct on each question before and after the course
(eTable 2, links.lww.com/NE9/A3). Using analysis of vari-
ance, there was a significant improvement from baseline
scores to postcourse scores (p < 0.001, effect size 91%). There
was no significant difference in the acquisition of knowledge
between the 2 groups; each group’s score increased by 23%
(p = 0.977). Precourse knowledge scores did not differ sig-
nificantly as time went on (p = 0.905).

Among the 5 residents who had completed a 2-week Neu-
roICU rotation prior to simulation, the average pretest

Table 2 Baseline Demographics of Participants

Standardized patient group (N = 10) Manikin group (N = 10)

Average weeks of neurology experience at the time of course 2.8 3.5

% Male 50 (n = 5) 30 (n = 3)

Had completed a NeuroICU rotation, n (%) 2 (20) 3 (30)

Average number of weeks of ICU time as an intern 1.9 (range 1–4) 2.4 (range 1–4)

Average number of neurology weeks during intern year 1 (range 1) 1.2 (range 1–2)

% Who cared for patients with stroke as interns 10 (n = 1) 40 (n = 4)

% That had calculated an NIHSS before the course 20 (n = 2) 40 (n = 4)

% That had been a responding clinician for a seizing patient before the course 50 (n = 5) 60 (n = 6)

Abbreviations: NeuroICU = neurologic intensive care unit; NIHSS = NIH Stroke Scale.
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knowledge score was 49%, exactly the same as those residents
who had not yet rotated in the NeuroICU (p = 0.939).

Confidence
Confidence ratings were obtained from 19 of the 20 residents’
preintervention and all 20 residents’ postintervention.

Preintervention
Figure 2 shows baseline confidence scores by topic before the
course. Figure 3 demonstrates the percentage of scores in
total before and after the course. Before the course, “not at all
confident” (score 0) represented 21% of responses. “Not very
confident” (score 1) represented 55% of responses and was
the median score for all topics except the management of ICU
delirium. “Somewhat confident” (score 2) was selected in
22% of precourse responses and was the median score for the
management of ICU delirium. “Very confident” (score 3) was
selected very rarely (2% of responses) in the baseline as-
sessment, and “extremely confident” (score 4) was never se-
lected in the precourse assessment.

Postintervention
After the course, the percentage of all trainees selecting
somewhat confident (score 2) and higher-level confidence
scores increased (Figure 3). Not at all confident (score 0) was

Figure 1 Increase in Knowledge Scores

Diagram demonstrating an average trainee score on the 40-question
knowledge quiz both before (blue) and after (red) the course. Scores are
reported by group assignment.

Figure 2 Baseline Confidence Scores Among All Trainees

Diagram presenting the number of trainees who selected each confidence score by topic before the course. Total number of responses for each emergency
(n = 19). No resident selected score 4 (extremely confident).
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selected in 8% of postcourse responses; not very confident
(score 1) in 23% of responses. Somewhat confident (score 2)
increased to 56% of responses, and very confident (score 3)
increased to 11% of postcourse responses. Extremely confi-
dent (score 4) which was never selected before the course
increased to 2% of postcourse responses. When we examined
only the 9 topics that were directly taught in the course, the
percentage of higher confidence scores was more pronounced
as depicted in the white bars of Figure 3 (score 0—2%, score
1—18%, score 2—65%, score 3—12%, and score 4—3%).

A comparison of precourse and postcourse median confidence
scores by topic and by group assignment is shown in Figure 4.
For all topics taught (darker bars), themedian confidence score
was 2 (somewhat confident) after the course, regardless of
group assignment. While the median score postcourse was the
same regardless of group assignment, score 3 (very confident)
and score 4 (extremely confident) were more frequently
reported in the SP group (17% vs 11%), but this difference did
not reach statistical significance (p = 0.08).

Control Element
To provide internal validity, we surveyed residents on 15
neuroemergency topics, but only 9 were represented in the
course curriculum. The median precourse score in 9 topics
that were part of the course curriculum was 1, and as reported,
the median score after the course for these topics was 2. The
median precourse score on the 6 items that were not directly
taught was also 1; however, unlike the taught topics, the
median postcourse score in these topics was unchanged.

Trends in Observed Behavior Checklist
The behavior checklist (eTable 1, links.lww.com/NE9/A3)
provided important insights about situations in which trainees
deviate from the treatment guidelines for neurologic
emergencies.

In the stroke scenario, 4 groups did not request capillary glucose
but did evaluate the glucosewhen routine labs were resulted. In 3
groups, there was significant debate about ordering a CT an-
giogram of the head and neck as part of the initial scan; the
debate centered around not knowing the patients’ glomerular
filtration rate. It is of importance that all groups had some un-
certainty about criteria and timing to engage the endovascular
team for thrombectomy. When the patient clinically worsened
after tPA, only 1 group halted the tPA infusion while the cause of
neurologic worsening was being discerned.

In the seizure case, points of variation included the amount of
lorazepam given initially and in total—no group discussed the
strategy recommended for status epilepticus: 0.1 mg/kg lor-
azepam up to 4 mg times 2 doses.15 Two groups did not give
an antiseizure medication after the seizure, and their patient
had a second generalized tonic clonic seizure. At that point,
the nurse prompted them to give “a longer acting medica-
tion.” All but one group gave levetiracetam; the other gave
fosphenytoin. There was considerable variability in the dose
administered.

In the case of pontine hemorrhage causing coma, all but one
group quickly recognized the need to reverse anticoagulation.

Figure 3 Shift in Self-Assess Confidence Before and After the Course Among All Trainees

Frequency (by %) of each confidence score (0–4) over the 15 surveyed items reported by all trainees both before the course (blue) and after the course (red).
Before the course, 19 residents scored 15 items for a total of 285 scores. For example, not at all confident (score 0) was reported 59 times (21% of the time).
After the course, 20 residents scored 15 items for a total of 300 scores. For example, not at all confident (score 0) was reported 23 times (8% of the time). The
yellow bars demonstrate the percentage of each confidence score when only the 9 items which were directly taught in the course were surveyed. Twenty
residents scored 9 items for a total of 180 scores. For example, not at all confident (score 0) was reported 3 times (2% of the time).
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However, among the groups that did recognize the need to
reverse anticoagulation, there was uncertainty about the dose
of vitamin K and prothrombin complex concentrate to ad-
minister. Three groups recognized the need to urgently hold
sedation to obtain a neurologic assessment; 2 groups opted to

proceed with urgent imaging without ever performing a
physical examination. No group assessed for nuchal rigidity.
Only one of the 5 groups initially requested the CT angiogram
despite basilar thrombus being a potential etiology for the
physical findings.

Figure 4 Median Confidence Scores Before and After the Course by Group

Diagram demonstrating the change in median confidence scores by group assignment across all 15 items surveyed. Darker bars signify the topics that were
taught in the course. Lighter bars represent the topics that were surveyed, but those were not addressed as part of the curriculum.
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Common themes that emerged during debriefing included
when to obtain vascular imaging in acute stroke, when to
intubate or call for help for status epilepticus, choice and initial
dose of antiseizure medications, and when and how to reverse
anticoagulation.

Trainee Feedback
All residents completed a postcourse anonymized survey about
their simulation experience. Regardless of group assignment, all
20 residents rated the simulation favorably, perceived the
course to be worth their time, and felt the course was applicable
to their practice. All but one trainee felt the course lessened
anxiety about practice in these high-stake scenarios.

When asked in the survey, 7 of trainees in the MV group felt
that the use of standardized patients would have improved the
course, but only 2 residents in this group felt that the use of
standardized patients would have improved their knowledge
gain. In the SP group, 8 of the trainees felt that the stan-
dardized patient increased the case realness and 8 also felt that
the standardized patient increased the amount they learned.

Discussion
Our study suggests that novice trainees gain both confidence
and medical knowledge in the management of neurocritical
care concepts through a simulation course, regardless of
whether a standardized patient or manikin-video platform is
used. Prior studies in neurology have used manikin-based
curricula,4,6,7,9,10 standardized patient-based curricula,3 or a
hybrid of the 2,5,8 but this study provided a direct comparison
between the 2 platforms.

Regardless of group assignment, trainees equally improved in
their performance on the postcourse test and in their reported
confidence in the management of neurologic emergencies. The
improvement in confidence was more strongly evident in the 9
topics that were part of the curriculum than in the 6 control
items, which provides an element of internal validity for our
findings. Our findings suggest that neurology residents benefit
from participating in deliberate practice of managing neurologic
emergencies. Similar to what has been demonstrated in the
trauma literature, simulation training modality appears to have
little effect on the perceived and actual education outcomes.18

This preliminary finding may support educators in selecting the
simulation format that is most cost-effective for their program.
For our study, the manikin-platform’s only cost was the small
honoraria provided to the senior residents who helped run the
manikin. Conversely, training and participation of the stan-
dardized patients totalled over 1,000 dollars in cost. However,
we recognize that other programs’ expenses may vary.

Despite a lack in objective difference in the examination score
or self-reported confidence measures, 8 of the 10 trainees in
the SP group answered “yes” when asked in the anonymous
feedback form “did working with a standardized patient

increase the amount you learned?” This may be due to the
ability to practice eliciting certain examination findings when
the simulated encounter includes an SP, or it may be because
showing video-tapped examinations resulted in frequent
pauses and may thus disrupt trainee belief in the realism of
simulation. Another potential benefit of standardized patients
is their ability to provide communication and more direct
feedback to the participants. Although this was not specifically
assessed in our study, further research is needed to determine
how standardized patients may improve the simulation ex-
perience or result in educational benefits that were un-
measured in this study.

It is interesting that we found that the average pretest score for
residents who had rotated in the NeuroICU prior to the
course was the same as that of those with no NeuroICU
exposure. This occurred despite 3 of the residents being
currently in the NeuroICU on the day they took the pretest,
and the other 2 within 1 week of finishing a block of Neu-
roICU time. This may be because all residents were very early
in their PGY-2 year and thus had an intrinsically high cogni-
tive load in adapting to their new positions. It may also reflect
trainees’ different exposure to neurologic emergencies in in-
ternship or medical school. However, of the NeuroICU-
experienced residents, those who had completed night rota-
tions had higher pretest scores than their peers. We hypoth-
esize that this may result from greater autonomy at night and
the higher probability of being the first responder to an
emergency. Although not powered to detect a statistical dif-
ference, this finding suggests that trainees would benefit from
more intensive teaching methods and that traditional bedside
teaching may be inadequate in reinforcing critical care con-
cepts for novice learners.

The scores on the precourse test (eTable 2, links.lww.com/
NE9/A3) and areas of performance variation based on the
behavior checklist (eTable 1) identified important areas to
address in future educational programming. For example, from
the pretest items regarding status epilepticus, we determined
that only 10% of trainees initially identified the correct dosing
for second-line agents in status epilepticus and only 20% rec-
ognized bradycardia and hypotension as contraindications for
giving fosphenytoin.18 In the simulations, there was uncertainty
about the timing for administration of antiseizure medications.
Such misunderstandings reflect previously observed clinical
treatment deviations. In status epilepticus, for example, it has
been shown that nearly 40% of the patients do not receive
guideline-recommended management.19 Such deviations by
experienced clinicians may be due to necessary dosage adjust-
ments aimed at tailoring treatment to the individual, but these
personalized decisions may confuse novice trainees who do not
yet have the experience in making such decisions.

Regarding ischemic stroke management, pretest questions
involving the performance of the NIHSS revealed that many
novice trainees do not correctly score hemianopsia, neglect,
ataxia, and dysarthria (eTable 3, links.lww.com/NE9/A3).
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During the acute ischemic stroke case, trainees frequently
debated when to order vascular imaging and when to consult
the endovascular team. Pinpointing these critical learning
points is essential in ischemic stroke because every 30-minute
increase in computed tomography-to-reperfusion time has
been shown to reduce the probability of achieving a func-
tionally independent outcome by 8.3%.20 Indeed, for acute
ischemic stroke, simulated practice has already been shown to
have a measurable effect at the bedside: resulting in a swifter
door to needle time in tPA administration.3,4

In assessing knowledge on pontine hemorrhage causing coma,
only 30% of trainees correctly answered a question on how
long etomidate and succinylcholine would affect the ability to
obtain a reliable neurologic examination. The differential for
coma of unclear etiology includes basilar thrombosis. Most
groups did not discuss this possibility. While is it plausible that
basilar thrombosis would have been entertained had the
pontine hemorrhage not been identified, our finding in sim-
ulation mirrors the real-world delays in the diagnosis of vas-
cular causes of coma21 and, importantly, offers a chance to
provide corrective instruction prior to patient encounters.

Regarding resident satisfaction, all residents evaluated the course
favorably. Despite the loss of a free morning, all residents
reported that the training was “worth the time it took.” We
hypothesize that this high level of engagement and satisfaction
resulted from direct applicability of the course and it being
scheduled directly prior to critical care or emergency department
shifts, although further studies would be needed to confirm this.

Limitations of the study include that it is a single-center pilot.
That no statistical difference was found between the 2 plat-
forms is likely because our study was underpowered. Using
our existing effect size for differences between the 2 simula-
tion formats for knowledge gain on the written test, a future
study with at least 84 trainees in each arm would be required
to detect a statistically significant difference with a power of
0.80 and an effect size of 0.10. The use of the manikin for both
groups for the third case would also have diluted our ability to
detect differential effects in our overall analysis. In addition,
we assessed residents working as groups. The experience
might be different if 1 resident were working on their own or if
the simulation was part of a summative milestone assessment
and not just a formative experience. This would also allow
stronger comparison between residents who had completed
ICU time vs those who had not. Although their knowledge
scores were the same in this study, important differences
might be detected in their performance of the simulations.

There are limitations to written testing as an assessment
strategy. Because learners took the same precourse and
postcourse test, some of the improvement on the test may
have been due to test-taking learning. Long-term follow-up
and in situ evaluation could offer more meaningful evaluation
of resident performance in a neurologic emergency and
should be considered for future studies.

Finally, there are limitations in basing the task checklist on society
guidelines for single diagnoses. Many neurocritically ill patients
have competing high-priority needs. For example, in ICH, there is
an urgent need to obtain imaging. However, ICP crisis resulting
from ICH also needs to be emergently managed, and this ICP
crisismayworsenwhen laying a patient flat to obtain the necessary
imaging. In our case, despite clear concern of herniation, trainees
were not expected to administer hyperosmolar therapy until they
saw evidence of herniation on the CT scan because the man-
agement of herniation is addressed in the guidelines downstream
of obtaining neuroimaging. These limitations can be addressed by
widening the scope of each clinical scenario; thus, helping trainees
obtain the critical thinking and triage decision skills that are par-
amount in the management of these complex patients.

Our study suggests that trainee knowledge and confidence in
the management of neurologic emergencies increase after a
simulation experience, irrespective of the specific simulation
platform used. Future larger studies are needed to assess for a
differential increase in knowledge between live simulation vs
manikin use. The use of checklists and a nonjudgmental
debriefing approach uncovered important variations in pro-
tocol adherence among novice physicians, as well as the areas
of management uncertainty. Given these findings, we rec-
ommend that all neurology programs consider modern ap-
proaches to simulation and supportive debriefing as one
method to identify and address learning needs in the man-
agement of neurologic emergencies for junior residents.
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Abstract
Introduction and Problem Statement
Neuroimmunology is a rapidly evolving subspecialty. At this time, fellowship training is not stan-
dardized. Discrepancies exist in fellowship programs across the United States, including in faculty
expertise in rarer neuroimmunologic conditions. Many graduating fellows feel uncomfortable
managing the full spectrum of diseases within neuroimmunology.

Objectives
To evaluate the feasibility and efficacy of a series of live, virtual, interinstitutional seminars
educating neuroimmunology fellows on topics that may be infrequently encountered by trainees.

Methods and Curriculum Description
A steering committee of 6 neuroimmunology and multiple sclerosis fellowship program di-
rectors selected 18 topics felt to be high yield but representing unique areas of expertise. A live,
interactive seminar series was organized. Recognized experts on each topic led seminars using a
teleconferencing platform over the 2020–2021 academic year. Recordings were subsequently
made available for asynchronous learning. Trainees were surveyed before and after the seminar
series and comfort levels with each topic were recorded.

Results and Assessment Data
An average of 41 trainees participated in each live seminar and an additional average of 17 trainees
viewed each seminar on demand. Trainee comfort levels with each topic increased after the
seminar series was completed. An average of 72% of trainees self-identified as at least “com-
fortable” with each topic after the series compared with 26% beforehand (p < 0.0001).

Discussion and Lessons Learned
A year-long series of live, interactive, interinstitutional seminars focusing on unique topics
within a single subspecialty represents an effective way to increase trainee comfort levels with
such topics.
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Neuroimmunology (NI) is a rapidly evolving subspecialty. New
autoimmune diseases of the CNS are recognized and defined
every year, and the number of available treatmentmodalities has
increased substantially over the past decade. During a 1- to
2-year fellowship, NI trainees need to develop expertise in an
increasing number of rare diseases and immunomodulatory
medications.1,2 At this time, NI and multiple sclerosis (MS)
fellowship training in the United States is not standardized.
There is substantial heterogeneity in the duration of training, the
size of training programs, the presence of pediatric NI/MS
exposure, and the disease entities routinely encountered during
training.3 In particular, faculty expertise in many of the rarer
neuroimmune conditions is unevenly dispersed. Surveys of re-
cent fellowship graduates revealed that even after completing
fellowship training, many graduates remained uncomfortable
managing the full spectrum of CNS neuroimmune diseases.4

Greater standardization of the NI fellowship educational expe-
rience is needed. Since it is not possible to ensure homogeneous
patient exposures across training programs, improving the
quality and range of didactic exposure to rare but important
NI topics is paramount.

The coronavirus disease 2019 (COVID-19) pandemic acceler-
ated a shift in medical education toward online learning.5 Virtual
didactics that represent an opportunity to offer trainees at dif-
ferent institutions synchronized education about rare neuro-
immunologic conditions with teaching from international leaders
in these areas. This approach harmonizes fellows’ learning and
ensures that all trainees receive solid foundational teaching on
these topics. We aimed to evaluate the efficacy and feasibility of a
nationwide, virtual seminar series educating NI fellows on high-
yield topics that may not be routinely encountered.

Objectives
The program’s objectives were (1) to use a virtual platform to
provide national didactics on high-yield, niche topics in NI; (2)
to increase comfort levels among NI trainees with such topics;
(3) to provide trainees with opportunities for direct interaction
with topic experts; and (4) to facilitate discussion and net-
working among NI trainees. Specific objectives for each semi-
nar were determined by the invited expert faculty leading each
seminar.

Methods and Curriculum Description
Needs Assessment
A needs assessment was conducted by surveying program di-
rectors, trainees, and recent graduates of MS/NI fellowship

programs. Surveys were conducted between July 2019 and
March 2020.3,4 Qualifying individuals were contacted via email
and completed surveys using the Qualtrics online survey plat-
form. Recent graduates identified a variety of topics where they
felt that additional education during fellowship would have en-
hanced their transition to independent practice.4 Based on these
findings, we created a virtual didactic series focusing on (1) niche
areas of NI where individual programs would not be universally
expected to have high clinical volumes or faculty experts and (2)
cross-disciplinary topics identified during the needs assessment
as being highly impactful to independent practice.

Curriculum Development
A core group of 6 educators, all of whom hold subspecialty
training in MS/NI, and ad hoc consultants from the leadership
of Americas Committee on Treatment and Research in MS
(ACTRIMS) was convened for curriculum development. Data
from the needs assessment were reviewed, and potential
topics/speakers were discussed. Priority was given to topics
that would be high yield for trainees, but not covered in in-
dividual training programs’ preexisting educational curriculum.
These topics aligned with the proposed core curriculum for NI
fellowships.6 Consensus was reached by majority opinion
within the steering committee. Eighteen topics were selected
(Table 2). Content validity was verified after the seminar series
concluded via survey of program directors on the educational
value of each topic. Recognized experts for each topic were
invited by the steering committee to lead each seminar.

Learner Recruitment
The seminar series was advertised toUSNI trainees via emails to
trainees and program directors. The audience was limited to
current or incoming fellows and fellowship directors, with the
aim of creating a protected learning environment in which
trainees felt comfortable engaging and asking questions. Con-
tinuing medical education certification was provided by
ACTRIMS. Live biweekly seminars began in August 2020 and
continued through June 2021, hosted using the Zoom telecon-
ferencing platform. Recordings were subsequently made avail-
able to registered course participants through the ACTRIMS
online platform for asynchronous viewing.

Outcome Measures
Prior to the seminar series, trainees were surveyed on their
comfort levels with the individual topics that would be covered
by the series. Trainees’ responses were recorded on a 5-point
Likert scale ranging from “very uncomfortable” to “very com-
fortable.” Program directors were also surveyed on the perceived
educational value of each topic. Faculty responses were recorded
on a 5-point Likert scale ranging from “not very valuable” to
“extremely valuable.” Demographic information from both

Glossary
ACTRIMS = Americas Committee on Treatment and Research in MS; COVID-19 = coronavirus disease 2019;MS = multiple
sclerosis; NI = neuroimmunology.
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trainees and program directors was also recorded. After the
completion of the year-long seminar series, trainees completed
the same surveys recording their comfort levels with each topic
(Kirkpatrick level 2 assessment). Qualitative feedback on the
series was obtained from trainees via open-ended comments.
Program directors were surveyed again on the educational value
of each topic after the completion of the seminar series.

Statistical Analysis
Statistical analysis was performed using SPSS version 26 (IBM
Corp., Armonk, NY). Weighted averages of trainee comfort
level were calculated by assigning values 1 (least comfortable)
to 5 (most comfortable) to the 5-point Likert scale responses,
summating the responses and averaging by the number of re-
sponders. Pretest and posttest weighted averages for each topic
were compared using the related samplesWilcoxon signed rank
test. Paired pretest and posttest responses were compared us-
ing a paired samples t test. Differences between first-year and
second-year fellows in improvement between pretests and
posttests were compared using the Mann-Whitney U test.

Standard Protocol Approvals, Registrations,
and Patient Consents
The Yale University Institutional Review Board determined
this protocol to be exempt under federal regulation 45 CFR
46.104(d)(4).

Data Availability
Anonymized data not included in this article may be shared at
the request of any qualified investigator for purposes of rep-
licating procedures and results.

Results and Assessment Data
Seventy-two trainees completed the precourse survey. Table 1
summarizes demographic characteristics of respondents to the
precourse and postcourse surveys. In the precourse survey, 18%
of trainees identified as residents/incoming fellows, 57% as first-
year MS/NI fellows, and 25% as second-year (or beyond) fel-
lows. Across all topics, an average of 74% of trainees felt very
uncomfortable, uncomfortable, or neutral with each topic prior to
the series. The most frequent response on the Likert scale for
each topic was uncomfortable or neutral. Topics that had the
lowest comfort level included “hematopoietic and mesenchymal
stem cell therapy for MS,” “basic science of remyelination,” “in-
tegrative medicine and cannabis,” and “clinical trial design.” The
full list of topics is included in Table 2. A total of 122 trainees
participated in at least 1 seminar, and 32 trainees participated in at
least 50% of the seminars. An average of 41 trainees participated
in each live seminar, each of which consisted of a lecture followed
by an interactive question and answer period. Attendance during
the live seminars waned over the course of the year-long series,
with a mean attendance of 53 trainees during the first 5 seminars
decreasing to 24 during the final 5 seminars. During the live
seminars, trainees actively engaged with presenters, asking an
average of 6 comments/questions per seminar with an average of
5 unique commenters per session. A recording of each seminar

was made available online after the live session and an additional
average of 17 trainees viewed each seminar on-demand. On-
demand participation did not wane over the course of the series.
The largest proportion of trainees (44%) participated in the live
sessions only, with an additional 33% viewing a mixture of live
and on-demand seminars, while 22% viewed the seminars on-
demand only. These groups did not differ in their geographical
make-up.

Twenty-six trainees completed the postcourse survey. An aver-
age of 73% of trainees felt either comfortable or very comfortable
with each topic after the completion of the series, with the most
frequent response being comfortable for every topic (Figure).
Weighted averages of trainee comfort level with each topic
improved from 2.88 to 3.82 (p < 0.001). Weighted averages
improved across all topics (Table 2). Matched survey data were
available for 14 trainees and showed an increase inmean comfort
levels from2.86 to 3.82 (p< 0.001). All 14 trainees demonstrated
an improvement in mean comfort levels. Compared with
second-year (and beyond) fellows, first-year fellows demon-
strated a greater increase in comfort levels (p = 0.008). Average
comfort level improved from 2.70 to 3.68 among first-year fel-
lows and 3.58 to 4.1 among second-year (and beyond) fellows.

Qualitative feedback from survey participants indicated ro-
bust enthusiasm for the seminar series (Table 3). Trainees
appreciated the opportunity to interact with leading experts in

Table 1 Demographic Information

Percentage of
respondents to
precourse survey
(n = 72)

Percentage of
respondents to
postcourse survey
(n = 26)

Level of training

Resident 18.1 11.5

First-year fellow 56.9 53.8

Second-year (or beyond)
fellow

25.0 34.6

No. of trainees at respondent’s
institution

1 27.1 23.0

2 20.3 19.2

4 22.0 19.2

4 or more 30.5 38.4

Geographic location of
training program

Northeast United States 39.0 42.3

Southeast United States 5.1 3.8

Midwest United States 27.1 19.2

Southwest United States 11.9 3.8

West United States 16.9 30.8
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their fields and commented that the seminars were an im-
provement from preexisting methods of gaining exposure to
these topics. Trainees identified several areas for future
growth, including asking facilitators to ensure adequate dis-
cussion time and offering ideas for additional topics. Fellow-
ship program directors consistently reported enthusiasm for
the topics selected; there was not wide variation in how ed-
ucationally impactful these topics were felt to be before vs
after the seminar series (Table 2).

Discussion and Lessons Learned
Medical trainees have historically gained exposure to rare dis-
orders and unique topics in a variety of ways, including, among
others, independent reading, faculty expertise at their training
program, lectures7 and simulation cases8 within their institution,
and online video-based lectures.9 Educators attempting to fill
gaps in knowledge of such topics have assessed these curricula

using tools including self-assessment surveys10 and knowledge-
based tests.11 Despite these efforts, exposure to such niche topics
is frequently sporadic and heterogeneous. We report here our
experience with implementing a year-long series of live, in-
teractive, interinstitutional seminars focusing on different topics
in NI. This educational tool was feasible and helped trainees
receive more standardized education on such topics. Precourse/
postcourse self-assessments supported the effectiveness of this
teaching methodology for increasing trainees’ comfort with the
presented material. This expands the repertoire of curricular
approaches available to educators, especially in small subspe-
cialties such as NI, in which trainees are expected to develop
expertise in a plethora of infrequently encountered topics.

Virtual, interinstitutional approaches have been increasingly used
because of the COVID-19 pandemic. These allow for a wide
audience across training programs,12 can widen the scope of
expertise available to trainees,13,14 and connect trainees across
institutions.15 In fellowship programs without a standardized

Table 2 Weighted Averages Preseries and Postseries for Individual Topics

Topic

Preseries-weighted
average of trainee
comfort level
(n = 72, scale 1–5)

Postseries-weighted
average of trainee
comfort level
(n = 26, scale 1–5)

Preseries-weighted
average of program
director expected
value (n = 22, scale 1–5)

Postseries-weighted
average of program director
impression of educational
value (n = 12, scale 1–5)

Advanced MRI techniques for MS/
neuroinflammation

2.74 3.77 4.55 4.2

Anti-NMDA receptor encephalitis and
mechanisms of disease

3.38 4.12 4.59 4.45

Autoimmune myelitis and its mimics 3.32 4.12 4.77 4.55

B-cell and autoantibody-mediated
pathogenesis in CNS autoimmunity

3.09 4.0 4.82 4.36

Basic science of remyelination 2.53 3.58 4.36 4.1

Clinical trial design 2.55 3.42 4.75 4.27

Emerging autoimmune diseases 2.88 3.85 4.73 4.6

Ethnicity and diversity in the MS experience 2.92 3.81 4.41 4.45

Hematopoietic and mesenchymal stem-cell
therapy for MS

2.31 3.54 4.43 4.09

Immunobiology of MS 2.93 3.85 4.82 4.44

Integrative medicine and cannabis 2.54 3.42 4.18 3.6

Lab techniques and tools for understanding
antibody-mediated diseases

2.61 3.65 4.5 4.45

Neurorheumatology: Neurosarcoidosis, CNS
vasculitis, CNS lupus, neuro-Beçhet’s

2.78 3.84 4.82 4.64

Pediatric MS 2.74 3.73 4.55 4.4

PML and opportunistic infections 3.12 3.96 4.55 4.5

Progressive MS: challenges in finding and
demonstrating effective therapies

3.2 4.12 4.73 4.42

Symptomatic management of advanced MS 3.53 4.27 4.64 3.8

Urological issues and their management in MS 2.61 3.73 4.41 4.4

Abbreviations: MS = multiple sclerosis; PML = progressive multifocal leukoencephalopathy.
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curriculum, such as NI, virtual interinstitutional didactics can
help facilitate standardization by providing identical education
content across institutions and increasing the accessibility of
unequally dispersed expertise. This move toward standardization
was not explicitly measured in our study, but qualitative feedback
from survey participants indicated that the seminar series im-
proved on previous approaches, such as independent reading.

Several lessons were learned through the development,
implementation, and assessment of this seminar series. First,
great enthusiasm exists for interactive, interinstitutional learn-
ing opportunities among program directors, trainees, and in-
vited faculty. Invited faculty were enthusiastic to participate and
having didactics led by a single recognized expert ensures that
all trainees have standardized exposure to the core principles
related to that topic. The steering committee plays an

important role in selecting both high-yield topics and effective
educators to present each topic; the latter is particularly im-
portant for the success of this curriculum innovation. Live
webinars allow for interaction between trainees and experts,
and limiting attendance to trainees and program directors en-
sured that the venue was a safe space for trainees to ask
questions. The didactic series was continued for a second it-
eration during the 2021–2022 academic year and planning is
underway for the 2022–2023 series. Based on participant
feedback, we continued to offer both live and on-demand op-
tions; participants have continued to use both. Several topics
were refined or replaced based on participant feedback, and
some topics were switched to every-other-year presentations.
One area for growth identified by participant feedback focused
on leaving enough time for discussion between the experts and
the trainees. In response to this, fellow representatives were

Figure Trainees’ Average Comfort Levels Across All Topics Improved After the Seminar Series: (A) All Trainees, (B) First-Year
Fellows Only, and (C) Second-Year (and Beyond) Fellows Only
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added to the steering committee, and they served as modera-
tors during the second iteration of the series to ensure that
adequate time was reserved for discussion. One of our original
aims for this seminar series was to facilitate peer engagement
and networking. It was less clear whether this goal was suc-
cessful, while trainees were exposed to peers’ names and faces
during the seminars, question/answer sessions generally did
not transition into multiparticipant discussions. Future seminar
series will need to consider whether methodological changes
might help better achieve this goal.

Barriers to the effectiveness of live webinars included timing;
identifying a single time that is reliably convenient for programs
across time zones may limit engagement, although this can be
mitigated by recording the sessions for asynchronous learning.
We observed that trainees in the northeast United States were
best represented in our data, which could represent the dis-
tribution of training programs (more in the northeast) or the
timing of the live seminars. Better outreach to a larger geo-
graphical spread of programs could reduce this discrepancy.We
found that regularly spacing the series of seminars throughout
the academic year allowed for a wide range of topics to be
covered, although we also observed a drop-off in attendance
toward the end of the year. This might represent conflicting
responsibilities or possibly that trainees may have felt they had
already mastered the topics under discussion.

The interinstitutional didactic approach is generalizable to
other subspecialty fellowships within neurology and across
other disciplines, especially those in which exposure to niche
topics in unevenly dispersed. It is likely to be best suited for
learners focusing on infrequently encountered diagnoses and
areas of niche expertise, as common conditions can be well
covered by individual institutions.

Trainees received didactic and clinical education from many
sources during the year-long course period, so it cannot be as-
sumed that the increase in comfort was solely due to this seminar
series. Moreover, a limited number of participants returned the
postcourse survey (26 responses, representing 81%of the 32most

active participants but only 21% of the 122 total course partici-
pants). This may bias our data. There were not large variations in
attendance between topics, but the number of participants waned
gradually over the course of the series. Ways to maintain en-
gagement during future iterations might include offering course
certificates for those with sufficient participation or shifting the
schedule such that the course occurs biweekly for only 6 months.
Follow-up didactic series have yet not incentivized participation.

Overall, trainees found this online seminar series to be an
effective and high yield learning opportunity. In a field such as
NI, which has rapidly evolving diagnoses and treatments, in-
terinstitutional virtual seminars represent an effective way to
help standardize trainee education about rare topics and to
enhance overall learning.
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Table 3 Qualitative Feedback From Trainees and Program Directors

Theme Example quotes

Benefits of interactionswith leading experts The lectures are fantastic and it is great to hear from the speakers themselves. Excited to be able to
participate myself.

Improvement on prior approaches for
learning niche
and cross-disciplinary topics

Wonderful seminar series. Love the concept of topics that may not be core topics at each institution or
universal.

Overall, I thought the series was very useful, particularly in covering topics other than MS DMTs.

Opportunities for live and asynchronous
participation

This was an excellent resource during the MS fellowship, especially the on-demand videos which could be
watched at a later time.

Areas for growth Allow more time for discussion—many sessions went over time and it would be great to allow for more
engagement.

Abbreviations: DMT = disease-modifying therapy; MS = multiple sclerosis.
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Abstract
Background and Objectives
Narrative-based evaluations are increasingly used to discriminate between levels of trainee
performance, yet barriers to high-quality narratives remain. Prior evidence shows mixed results
regarding the effectiveness of faculty development efforts on improving narrative evaluation
quality.

Methods
We used a quasi-experimental study incorporating a historical control group to examine the
effectiveness of a pragmatic, multipronged, 4-year faculty development initiative on narrative
evaluation quality in a neurology clerkship. We evaluated narrative evaluation quality using the
narrative evaluation quality instrument (NEQI) in random samples of narrative evaluations
from a historical control and intervention group. We used multilevel modeling to compare
NEQI scores (and subscale scores) across groups. Informed by the theory of deliberate practice,
our faculty development initiative included (1) annual grand rounds sessions focused on
developing high-quality narratives and reporting evaluation metrics, (2) restructuring the
clerkship assessment form to simplify and prioritize narratives, (3) recruiting key faculty to
rotate on the clerkship grading committee to gain experience with and practice developing
quality narratives, and (4) instituting a narrative evaluation excellence award to faculty and
residents.

Results
The faculty development initiative was associated with improvements in the quality of students’
narrative evaluations. Specifically, the intervention group was a significant predictor of NEQI
score, with means of 6.4 (95% CI 5.9–6.9) and 7.6 (95% CI 7.2–8.1) for the historical control
and intervention groups, respectively. In addition, the intervention group was associated with
significant improvement in the specificity and usefulness NEQI subscale scores, but not the
performance domain subscale score.

Discussion
A long-term, multipronged faculty development initiative can facilitate improvements in nar-
rative evaluation quality. We attribute these findings to 2 factors: (1) pragmatic, solution-
oriented efforts that balance focused didactics with programmatic shifts that promote deliberate
practice and skill improvement and (2) departmental resources that prioritize and convey a
commitment to improving trainee assessment.
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Valid assessment of clinical competence is an elusive and
evolving exercise.1-3 Over the past several decades, assessment
frameworks inmedical education havemoved beyond a singular
focus on objectivity and minimizing human judgment toward
paradigms that embrace more subjective and nonstandardized
performance assessments to inform defensible decision-making
of learner competence.4-6 Indeed, a growing body of literature
now accepts that performance is socially constructed—
conceptualized and negotiated by individual, situational, and
environmental contexts—and the pursuit of a single truth or
bias-free objectivity is a naive assumption and likely a fool’s
errand.5,7-9 Furthermore, the literature has established validity
evidence of narrative assessments4,10,11 indicating that, relative
to numeric-based assessments, constructivist-interpretivist as-
sessment approaches provide meaningful7,12,13 and potentially
more valid representations of trainee performance.7,14

Despite their advantages, the promise of narrative-based as-
sessment is reliant on accurate and insightful comments. Yet,
narrative evaluations are regularly perceived as vague,15

nonspecific,16,17 and prone to writers’ idiosyncrasies that can
impair interpretation.18 Studies also suggest that narratives are
more often praising than critical,17,18 implicating a culture of
politeness in medical education that impedes meaningful
feedback.18-21 Reports of faculty development initiatives to
generate higher-quality narratives are relatively limited and
show mixed results. A study by Dudek et al.,22 for instance,
found that a workshop to improve quality of in-training eval-
uation reports (ITERs) increased scores on the completed
clinical evaluation report rating (CCERR) in a self-selected
sample of 22 physicians; however, the small sample and ab-
sence of a control group preclude definitive conclusions of the
intervention’s efficacy. Conversely, a study of a similar faculty
development workshop in pharmacology clinical supervisors
failed to improve CCERR scores relative to historical con-
trols.23 Beyond didactic workshops, efforts to alter the assess-
ment environment including structural changes to ITER
forms24 and increased continuity of supervision25 have proven
similarly challenging to producing high-quality trainee assess-
ments and speak to the task’s difficulty more generally.

Notwithstanding the disparate evidence, targeted feedback
and intervention has been shown to be an effective element to
improving faculty teaching effectiveness26 and quality of rater-
based assessments.27 With respect to the latter, Dudek et al.27

found that relative to controls, CCERR scores improved in an
intervention group that received feedback on ITER quality
over a 6-month period across several institutions, although the
effect was relatively modest and the intervention was not
specifically directed toward improving narrative comments.

The importance of feedback in promoting expertise is a
guiding principle of the Ericson model of deliberate practice
which necessitates deliberate reflection of feedback and sub-
sequent practice.28 After calls to encourage rich, insightful,
and accurate narratives4,11,18,21,24 and guided by tenets of
deliberate practice,28 we sought to build upon the work by
Dudek et al.27 and examined the extent to which a multi-
pronged faculty development effort could improve the quality
of medical students’ narrative evaluations. We hypothesized
that such an effort would demonstrate higher-quality narra-
tives in the intervention group compared with a historical
control group, as measured by the narrative evaluation quality
instrument (NEQI), which comprehensively assesses the
quality of narrative evaluations.29 As a secondary aim, we
sought to collect additional validity evidence30 of the NEQI.

The findings from this study can advance understanding on how
to improve and measure the quality of narrative evaluations,
which is imperative given transitions to entrustment ratings and
programmatic assessment models that are apt to increase the
volume and reliance on narrative assessment of trainees.7,31,32 In
addition, the recent elimination of the United States Medical
Licensing Examination Step 2 Clinical Skills examination and
increasing prominence of pass/fail grading schemes are likely to
further increase the importance of narrative assessments be-
cause residency programs look for alternative means to dis-
criminate between levels of trainee performance.33

Methods
Intervention
We used a quasi-experimental study incorporating a historical
control group to examine the effect of department-wide faculty
development efforts around narrative evaluation quality over a
4-year period. Our faculty development efforts included a mul-
tipronged approach grounded in pragmatic, solution-oriented
actions and included 4 key elements. First, we instituted an
annual medical education grand rounds session focused on
teaching core components of high-quality narrative assessment
(e.g., use of examples and constructive critique) and reporting
narrative evaluation quality metrics to faculty, residents, and
other key stakeholders. The session encouraged participants to
reflect upon and examine their own narrative assessments. We
chose a grand rounds setting for this didactic session given high
attendance, of which approximately 50% constitute department
faculty and 25% residents. Second, we restructured the clerkship
ITER form (Figure 1) to reduce item redundancy and evalua-
tors’ cognitive load. Specific efforts included the prioritization of
narratives by removing all numeric scores and encouraging

Glossary
CCERR = completed clinical evaluation report rating; ICC = intraclass correlations coefficient; ITER = in-training evaluation
report; NEQI = narrative evaluation quality instrument.
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specific examples around learner performance. Third, we
recruited key faculty who provide the largest quantity of trainee
evaluations (e.g., neurohospitalists) to rotate on the neurology
grading committee for a period of 1–2 years to familiarize them
with quality narratives that can inform student assessment. The 7
members of the grading committee, including a rotating neu-
rohospitalist, account for approximately 8% of all completed
student ITERs. Last, we instituted an annual evaluation excel-
lence award to select faculty and residents who consistently
provided high-quality narrative evaluations as a means of rec-
ognizing outstanding evaluators. This laudatory award, selected
by using a consensus process by the clerkship grading commit-
tee, is provided to 1–2 faculty and residents and announced at
subsequent department grand rounds.

Setting and Participants
The neurology clerkship at the University of Rochester School
of Medicine and Dentistry is a 4-week inpatient rotation in the

third year. All faculty spend 1 week with each student, with the
exception of child neurologists who spend 2 weeks with stu-
dents. Attending rotations are 1–2 weeks long. Residents typ-
ically rotate with an individual student for 2 weeks on a given
service and are responsible for assigning students’ patients,
teaching on rounds, assigning and overseeing tasks, and pro-
viding on-the-fly and formal feedback. A request to evaluate
students using a standardized ITER form is sent to faculty and
residents after their scheduled rotation(s). Students generally
receive between 5 and 9 ITERs. Narrative information from the
ITERs accounts for 60% of students’ grades.

We abstracted deidentified neurology clerkship narrative eval-
uations from 20 randomly selected medical students from the
2020–2021 academic year, resulting in a total of 118 unique
narratives for the intervention group. We selected 20 medical
students to provide an equivalent sample to the historical
control group (n = 20) that were randomly selected during the

Figure 1 Neurology Clerkship Evaluation Form
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2016–2017 academic year and used in a previous study ex-
amining reliability evidence of a tool (below) to assess narrative
quality,29 resulting in 123 unique control group narratives.

Measures
We measured narrative evaluation quality in the historical
control and intervention groups using the NEQI (Figure 2).

Figure 2 Narrative Evaluation Quality Instrument
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The NEQI assesses the quality of narrative evaluations along
several dimensions including performance domains, specific-
ity of comments, and usefulness to trainees and has been
shown to reliably differentiate between narrative quality.29

Before narrative evaluation review, 4 reviewers (authors:
S.J.P., S.D., C.E., and B.R.) used the NEQI training guide
alongside 12 student evaluations for training purposes. Once
consistency was established, the 4 reviewers independently
assessed each of the remaining 20 students’ total narrative
evaluations (n = 118), which comprised the analytic sample
for the intervention group. We then compared NEQI scores
of this cohort with the historical controls’ NEQI scores (n =
123), which were assessed by 5 different reviewers.

Analysis
We used linear mixed-effects modeling to compare NEQI
scores across the control and intervention groups. Mixed-
effects modeling allows for the partitioning of variance com-
ponents and is appropriate for clustered data, such as repeated
observations across students and faculty and nested data
structures (e.g., students within faculty).34We began by fitting
an unconditional model to estimate the proportion of vari-
ance because of clustering between students and faculty and
to confirm the appropriateness of a mixed-model analysis. We
then developed a random intercept model to predict NEQI
score, including study group (historical control or in-
tervention) and reviewer as fixed effects and allowing the
intercepts to vary across faculty (level 2) and student (level 3).
We estimated reliability for total NEQI scores with intraclass
correlations coefficients (ICCs). In secondary analyses, we
used multilevel generalized linear models to compare the
NEQI subscale scores (e.g., domain, specificity, and useful-
ness) across the historical control and intervention groups.
Multilevel generalized linear models were used given their
flexibility with potentially nonlinear responses that may exist
given few response options within the NEQI subscales.35 We
also compared the average count of each performance domain
(e.g., clinical reasoning and fund of knowledge) across groups.
We observed no missing data in study variables. We used
Stata/SE version 14.2 (College Station, TX) for all analyses.

Ethics
The University of Rochester Medical Center’s Research
Subjects Review Board approved this study.

Data Availability
Study data supporting the findings are available upon request
after review and approval by the University of Rochester’s
Research Subjects Review Board.

Results
For the intervention group, 4 reviewers assessed a total of 118
unique narrative evaluations of students, resulting in 472
NEQI scores. The intervention group’s narratives were
composed of 55 assessors (60.0% attendings; 40.0%

residents), with an average of 2.1 (SD = 1.3) narratives per
assessor. In the historical control group, 5 reviewers assessed
123 unique narrative evaluations, resulting in 615 NEQI
scores. The control group’s narratives were composed of 53
assessors (62.3% attendings and 37.7% residents), with an
average of 2.3 (SD = 1.5) narratives per assessor. The range of
narratives completed across groups was similar (1–6). Ex-
amination of participants indicated that 17 assessors were in
both the control and intervention groups, resulting in 91
unique assessors in the study sample.

A likelihood-ratio test comparing the fit of the unconditional
model with a conventional linear model confirmed a signifi-
cant improvement in model fit (χ2(2) = 1,098.5, p < 0.0001),
thus warranting a mixed-model analysis. Analysis of the un-
conditional models across study group revealed NEQI grand
means of 6.4 (95%CI 5.90–6.90) and 7.6 (95% CI 7.15–8.10)
for the historical control and intervention groups, re-
spectively. Examination of interrater reliability revealed rela-
tively similar ICCs across the 2 groups (ICC intervention
group: 0.81 [95% CI 0.76–0.85]; ICC control group: 0.79
[95% CI 0.74–0.84]).

The subsequent development of the random intercept model
including reviewer and cohort as fixed effects revealed a signif-
icant improvement in model fit when compared with the un-
conditional model with a likelihood-ratio test (χ2(8) = 103.39, p
< 0.0001). Examination of model estimates indicated that study
group was a significant predictor of NEQI scores (b = 1.58, p <
0.0001), controlling for reviewer effects (Table). With respect
to the analysis of NEQI subscales, generalized linear models
further revealed that study group was a statistically significant
predictor of specificity (b = 1.01, p < 0.0001) and usefulness (b
= 0.45, p = 0.005) subscales. Conversely, study group was not a
significant predictor for performance domain subscale score (b
= 0.13, p = 0.241). The results of models and means of NEQI
subscale scores across groups are presented in Table.

Examination of performance domain counts across the 2
groups yielded notable findings. With the exception of the
overall performance domain that was greater in the control
group (χ2(1) = 452.6, p < 0.0001), the intervention group had
a greater number of narratives commenting on students’
clinical reasoning (χ2(1) = 274.8 p < 0.0001), fund of
knowledge (χ2(1) = 34.1 p < 0.0001), clinical skills (χ2(1) =
98.3 p < 0.0001), preparation/participation in care (χ2(1) =
7.3 p = 0.007), written/oral presentation skills (χ2(1) = 52.5 p
< 0.0001), and professionalism (χ2(1) = 41.1 p < 0.0001).
There were no differences in the initiative performance do-
main across groups (χ2(1) = 1.67 p = 0.197).

Discussion
Narrative-based assessment has emerged as a critical com-
ponent of clinical assessment, yet barriers to high-quality
narratives remain. In this study, we aimed to compare the
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quality of faculty narrative evaluations after implementation of
a multipronged, 4-year faculty development program. Using a
historical control design, we found evidence that our prag-
matic faculty development efforts, which focused on de-
veloping high-quality narratives, were associated with a higher
quality of medical student narrative evaluations. Specifically,
assessors in the intervention cohort had significantly higher
NEQI scores relative to historical controls.

The finding that our intervention increased the specificity and
usefulness NEQI subscale scores, but not the performance
domain subscale, is important. A subsequent analysis com-
paring counts of performance domains across cohorts in-
dicated that the intervention group commented less on
students’ overall performance but had an increased number of
comments on all but one specific performance domain. These
findings suggest that assessors were providing more detailed
descriptions of trainee performance around specific clinical
domains including the use of examples to substantiate written
feedback and inform trainees’ goal development; however, the
scope of narratives remained relatively similar across groups.
A lack of improvement with respect to the total number of
performance domains commented on is noteworthy and
could be explained by evaluation burden, assessor time limi-
tations, or limits to working memory vis-a-vis extraneous
cognitive load.36 Alternatively, Cheung et al.25 have suggested
that assessors’ judgments are influenced by gestalt impres-
sions and relatively limited aspects of performance, which
could explain a propensity to comment on a relatively limited
number of performance domains.

Our finding of higher-quality narratives in the intervention
group compares favorably with the broader literature, which

has shown mixed results regarding the effect of faculty de-
velopment efforts on narrative quality22-25 including negligi-
ble effects and self-selected samples, with the latter potentially
favoring the inclusion of participants more invested in trainee
evaluation.37,38 Distinct from prior studies,22,23,27 we pro-
cured students’ narratives through a random selection process
which is likely to provide a more heterogeneous sample with
respect to assessors’ educational interests and training, thus
enhancing generalizability of results. With respect to the ob-
served effect, the relative difference in the control and in-
tervention groups might appear modest; however, our effect is
similar in magnitude to prior studies that have shown im-
provements in assessments, including written comments, after
rater/assessor training.27,39,40 In addition, our prior work
developing the NEQI29 has suggested that an NEQI score of 7
represents a minimum quality threshold, with the bulk of
evaluations in the historical control group failing to reach this
level, although further work is needed to understand whether
this threshold is of educational significance.

The study findings have important implications for narrative
assessment and trainee evaluations more generally. Most
notably, this study extends evidence suggesting that multi-
pronged faculty development initiatives may be better posi-
tioned to facilitate improvements in narrative assessments of
trainees relative to single, isolated interventions.22,25,27 Such
interventions, particularly when incorporating process-level
and structural-level changes to affect the broader learning
environment and culture around trainee assessment, are
poised to facilitate skill improvement and mastery. Although
prior work with the NEQI has established several sources of
validity evidence including that regarding content and internal
structure,14,29 this study provides additional evidence relating

Table Mean Total and Subscale NEQI Scores for Control and Intervention Groups and Parameter Estimates for Effect of
Intervention Group on Total and Subscale NEQI Scores

Group

NEQI
Total
Mean (95% CI)

NEQI
Performance
domains
Mean (95% CI)

NEQI
Specificity
Mean (95%
CI)

NEQI
Usefulness
Mean (95%
CI)

Intervention 7.6 (7.2–8.1) 2.99 (2.92–3.01) 2.22
(2.12–2.33)

2.40
(2.30–2.51)

Control 6.4 (5.9–6.9) 2.61 (2.53–2.68) 1.81
(1.72–1.89)

1.96
(1.85–2.07)

NEQI measurea B (95% CI) SE p Value

Total scoreb 1.58 (0.90 to 2.27) 0.35 <0.0001

Performance
domainsc

0.12 (−0.08 to 0.32) 0.10 0.24

Specificityc 1.01 (0.74 to 1.27) 0.14 <0.0001

Usefulnessc 0.45 (0.14 to 0.77) 0.16 0.005

Abbreviation: NEQI = narrative evaluation quality instrument.
a Only model fixed effects for the effect of the intervention group are displayed.
b Estimated using mixed-effects modeling.
c Estimated using generalized linear modeling.
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to consequences41 by documenting the intended effect of the
intervention through an improvement in the quality of nar-
rative assessments. It is important that no unintended effects
of the NEQI scores were observed based by removing nu-
meric scores from the clerkship ITERs. The intersection of
study findings with our guiding theoretical framework also
warrants consideration. Our faculty development in-
tervention was designed to foster structured activities (e.g.,
self-reflection, practice) to improve performance in a domain-
specific area (e.g., narrative assessment), which is consistent
with the original definition of deliberate practice.42,43 How-
ever, research scrutiny has suggested that conditions for de-
liberate practice—individualized training directed by a
qualified teacher—are rarely met and instead may reflect
other nuanced forms of practice including purposeful and naive
practice, which may have differential effects on
performance.42,44 A similar dispute centers on whether de-
liberate practice must be an independent activity or whether it
can also comprise groups, such as faculty.42,44 Ultimately, the
definitional confusion and evolving conceptualization of de-
liberate practice have led some to question whether re-
searchers can consistently conceptualize, apply, and test this
theory in their work.45 Although it is reasonable to ask
whether our study meets the hallmarks of deliberate practice,
we contend that flexibility is needed for theoretical praxis in
complex, resource-constrained settings, such as faculty de-
velopment, where periodic, individualized training across
large cohorts is often impracticable. Instead, our findings
suggest that a theoretically informed intervention focused on
structural-level and process-level factors that support domain-
specific practice can be readily applied and are linked with
performance improvement. It is also arguable that such con-
texts may comprise a necessary condition for performance
improvement beyond a general accounting of one’s total ac-
crued time engaged in (deliberate) practice activities—a claim
supported by multifactorial models of expertise that consider
expertise a product of multiple factors including environ-
mental and experiential influences.45

Study conclusions should be qualified in light of limitations.
First, this study focused on one department (neurology)
within a single institution, which could affect the trans-
ferability of findings to other contexts. Although we have
expanded our efforts to other learners in different settings
locally, similar studies are needed to replicate effects beyond
our own institution. Second, given the random selection
process of student narratives, it is unclear whether all narrative
authors received equivalent exposure to the intervention.
Thus, our effect estimate may underestimate or overestimate
the true effect of the intervention. Nevertheless, as previously
mentioned, our findings are analogous in scope and direction
to similar studies, which strengthens the transferability of
findings.27,39,40 Third, as discussed, our study builds upon
efforts documenting the effectiveness of multipronged faculty
development efforts; however, the complex nature of such
interventions hinders precise replication and the ability to
identify specific elements that result in an educationally

beneficial finding.46 Although theoretically and empirically
informed interventions can help minimize these constraints,46

isolating a single causative agent may be an unreasonable
expectation given the multifactorial nature of teaching and
learning within complex educational systems. Relatedly, in the
absence of a contemporaneous control group, it is possible
that other concurrent changes in the educational program
including maturation of assessors or inconsistency of asses-
sors across groups, rather than the intervention itself, may be
responsible for changes in scores across time.47 However, the
random selection process of students’ narratives and moder-
ate consistency of assessors (approximately one-third of the
intervention group) suggests that the effect of these threats is
relatively minimal.

In addition, our study examined narrative quality and was not
designed to assess narrative accuracy—both of which are
critical to providing valid clinical assessment and entrustment
decisions. Indeed, evidence has suggested that cultural, social,
and organizational tendencies such as saving face may result in
politeness strategies that impede authentic feedback and
assessment.20,48 Relatedly, our intervention was focused
solely on developing high-quality narratives and did not aim
to alter specific aspects of the clinical learning environment
(e.g., providing greater direct observation), which could po-
tentially mediate high-quality feedback and assessment by
optimizing the teacher-learner relationship.20 To this end, we
echo the call of Cheung et al.25 that additional research is
necessary to better understand how an educational alliance
can positively affect each of these subcomponents and nar-
rative quality more generally.

In conclusion, the findings from this study show that a
pragmatic, multipronged faculty development initiative
predicated on tenets of deliberate practice, which used the
NEQI as a teaching and feedback mechanism, is associated
with improvements in the quality of narrative evaluations of
medical students. Departmental resources were critical to
developing and embedding these efforts into our education
program and conveying a collective commitment to im-
proving trainee assessment. Although prior work with the
NEQI has established several sources of validity evidence
including content and internal structure,14,29 future work
will collect examine consequences evidence30 by how ex-
amining trainees and promotion committees may differen-
tially interpret and use higher-scored vs lower-scored
comments using the NEQI. Future research will also involve
identifying specific assessor-level factors that are associated
with overall and subscale NEQI scores and examining the
effect of providing individualized feedback, rather than ag-
gregate group feedback, on narrative quality. Such efforts
have the potential to inform more focused individual-level
interventions around narrative assessment quality in health
professions education.
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Abstract
There is a significant shortage of neurologists in the United States, and this shortage is projected
to worsen considerably. With the growth of undergraduate neuroscience majors, there may be
opportunities to engage and motivate undergraduate students interested in the neurosciences
toward clinical neurology. We surveyed undergraduate neuroscience faculty to better un-
derstand their curricular goals, existing interaction with neurologists, and their desire for
additional connections with clinical neurologists and clinical neurology researchers. We invited
523 undergraduate neuroscience faculty (members of Faculty for Undergraduate Neurosci-
ence) to complete an online survey assessing their research areas, courses taught, existing
professional networks, and interest in developing connections in clinical neurology/neurology
research. We had 140 of the 523 neuroscience faculty (26.8%) complete the survey. Of the 140
respondents, most respondents (93.6%, 131/140) stated their courses included a discussion
about neurologic conditions, yet only 4% (6/139) stated addressing the shortage of neurolo-
gists in the country. Few reported they were able to partake in professional development
opportunities for shadowing neurologists, neurosurgeons, or similar specialists prior to teaching
neuroscience courses (19%, 26/140). Understanding neuroscience faculty’s perspectives on
how to bridge undergraduate neuroscience programs and the field of neurology is critical. This
way, we can identify potential gaps and make recommendations for how to improve the
neurology pipeline.
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There is a shortage of neurologists in the United States, and
the projected shortage is expected to significantly worsen in
the years to come. In 2021, fewer than 800 graduating allo-
pathic or osteopathic medical students in the United States
applied for postgraduate year 1 (PGY1) residency positions in
neurology and only 702 PGY1 residency positions in neu-
rology were filled.1 By contrast, an additional 21,400 neurol-
ogists are thought to be needed by 2025, leading to a shortfall
of at least 18%.2 Thus, although most neurology residency
positions go filled each year, there are too few residency po-
sitions to fill the anticipated shortfall of clinicians.2 To im-
prove the pipeline, it is necessary to understand where barriers
exist in the neurology pipeline and how these might be
overcome.

Recent research has shown that barriers exist in the neurology
pipeline in the undergraduate/baccalaureate years. Neurology
is not as visible or widely considered as a career path by
undergraduate students,3,4 although the neuroscience major is
the fifth most common undergraduate major for medical
students.5 In fact, nearly 20% of neuroscience majors apply to
medical school,4 yet most do not become neurologists. Being
a neuroscience major in the undergraduate years increases the
likelihood of pursuing a career in neurology; at the time of
medical school graduation, 13.3% of those entering neurology
were neuroscience majors in undergrad compared with 4.5%
of those not entering neurology.6 Thus, despite the recent
growth in neuroscience programs at the undergraduate level
from fewer than 10 programs and fewer than 100 graduates in
19867 to over 200 programs with over 7,000 graduates in
2018,8 and the connection between majoring in neuroscience
and pursuing neurology, neurology is only considered as a
future specialty by only 2.7% of students entering medical
school.4

A recent study of undergraduate students interested in the
neurosciences from across the United States and from 40+
undergraduate institutions reported very high levels of in-
terest in gaining clinical neurology experience (4.66 ± 0.74),
shadowing a neurologist (4.69 ± 0.76), working with neuro-
logic patient populations (4.69 ± 0.68), and doing clinical
research (4.56 ± 0.81) (all measured using Likert Scale 1–5).9

Two-thirds (66.7%) reported interest in conducting patient-
centered clinical research. Most students (87.3%) also in-
dicated interest in attending neurology conferences. Despite
these reported interests, few students were able to have these
experiences. For example, less than one-third (28.8%) had
spoken with neurologists about career experience, but 95.5%
of those who had the opportunity to speak with a neurologist

reported that the interaction was helpful in learning about the
career. Despite high interest in clinical neurology exposure,
less than one-third of students had spoken with or shadowed a
neurologist and only 13.6% had interacted with clinical neu-
rology populations. Only 20.8% of students felt volunteer, and
internship opportunities were sufficiently available.

With the growth in neuroscience majors at institutions across
the country, an opportunity exists to develop appropriate
curricula, training, mentoring, and research experiences to
introduce the field of neurology and to enhance exposure to
the field of neurology. Faculty who teach undergraduate
neuroscience play the most important role in designing the
curriculum and content disseminated in their courses. They
frequently serve as faculty mentors to undergraduate pre-
medical students, write letters of recommendation to students
apply to medical school, and may serve on medical school
application review committees. Gaining exposure to clinical
neurology at this critical time in a person’s academic path
could have a significant effect on career choice. In this study,
we surveyed undergraduate neuroscience faculty to better
understand their curricular goals, existing interaction with
neurologists, and their desire for additional connections with
clinical neurologists and clinical neurology researchers.

Methods
We conducted a cross-sectional survey of the members of the
Faculty for Undergraduate Neuroscience (FUN),10 a pro-
fessional organization dedicated to neuroscience teaching and
research established in 1991.10 FUN focuses on promoting
neuroscience undergraduate research opportunities and
education.

Survey Instrument Development
The survey was first developed and modified by a clinical
neurology-researcher (M.T.M.) and undergraduate students
on the team (S.A., M.E.-P., D.K., J.G., K.K.) through 2–3
collaborative sessions. Then, the survey was iteratively
reviewed and revised by faculty members of FUN and the
American Academy of Neurology Insights Team (full survey
in eAppendix 1, links.lww.com/NXG/A543).

Survey Distribution
The official website of FUN has a list of all faculty members
(523 undergraduate neuroscience faculty). An email was sent
inviting them to complete an anonymous online survey in
research electronic data capture (REDCap)11 assessing their
backgrounds (research areas and courses taught), existing

Glossary
AAN = American Academy of Neurology; ANPA = American Neuropsychiatric Association; COVID-19 = coronavirus disease
2019; FUN = Faculty for Undergraduate Neuroscience; IQR = interquartile range; PGY1 = postgraduate year 1; REDCap =
research electronic data capture.
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professional networks, and interest in developing contacts in
clinical neurology/clinical neurology research. After the initial
survey invitations were emailed, reminders to complete the
survey were posted on the FUN listserv and REDCap sent out
autoreminder emails. Participants had 21 days to complete
survey responses.

Compensation
Participants received American Academy of Neurology
(AAN) letters of recognition and access to a website with a
compilation of helpful resources (e.g., upcoming conferences,
internship opportunities, and journal names) for un-
dergraduate students interested in neuroscience and clinical
neurology.

Data Analysis
The quantitative data from survey responses were analyzed in
version 16.44 of Microsoft Excel, and the qualitative data was
coded using grounded theory by 2 researchers on the team.12

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was conducted with approval from the NYU
Langone Institutional Review Board. The board waived the
need for informed consent.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
As presented in Table 1, between September 22, 2020, and
October 9, 2020, 140 of 523 (26.8%) neuroscience faculty
completed the survey. Of the 140 respondents, 58.3% (81)
identified as female. Most respondents (82.6%, 114/138)
were in their 30s–50s. Racially, it was a homogenous pop-
ulation, with White being the majority (91.4%, 117/128).
There was widespread distribution of faculty across all regions
of the United States, and about equal distribution between
urban (35.0%, 48/137), suburban (34.3%, 47/137), and rural
(30.7%, 42/137) colleges and across institutions of different
sizes (52.9%, 74/140 with <5,000 students; 30%, 42/140 with
5,000–15,000 students; and 17.1%, 24/140 with >15,000
students) (see Figure, A and B for further information on
institutions).

Faculty Background
Faculty respondents teach a variety of courses (Figure, C) and
had been teaching any subject for a mean of 8.9 ± 10.6 years
(median 10.6, interquartile range [IQR] 16) and specifically
teaching in the field of neuroscience for a mean of 8.9 ± 10.6
years (median 10.6, IQR 15.8). On a 1–5-point Likert scale,
faculty familiarity/comfort with clinical neurology was a me-
dian of 3 (IQR 2) (N = 139), with a median comfort level of 4
(IQR 1) (N = 140) for teaching about neurologic conditions
and amedian comfort level of 4 (IQR 1) (N = 55) for teaching

about translational neurology research. Only 39.9% (55/138)
teach students about translational neuroscience research.
Neuroscience faculty conducted a variety of research, with the
top 3 areas being basic neuroscience (56%, 78/140), psy-
chology (16%, 22/140), and translational neuroscience (11%,
16/140).

Characteristics of Neuroscience Programs in
the United States
Most respondents indicated that their institution offered a
neuroscience major (61%, 86/140), with some also offering a
neuroscience minor (45%, 63/140). As shown in Figure, D, of
those that offered students the opportunity to major in neu-
roscience, many require either a capstone project (41%, 35/
86) or a senior thesis (21%, 18/86). For their capstone/thesis
requirements, neuroscience major students were allowed to

Table 1 Demographics of Responders and Their
Respective Institutions

Demographic information

Total responses captured, n 140

Sex (n = 139), n (%)

Female 81 (58)

Male 57 (41)

Nonidentifying 1 (1)

Age, y (n = 138), n (%)

20–39 34 (25)

40–59 81 (59)

60+ 23 (17)

Race (n = 128), n (%)

White 117 (91)

Black 6 (5)

Asian 4 (3)

Native Hawaiian/Pacific Islander 1 (1)

Other 2 (2)

Ethnicity (n = 138), n (%)

Hispanic or Latino 6 (4)

Not Hispanic or Latino 132 (97)

No. of years teaching neuroscience, median (IQR) 10.6
(15.8)

Approximate no. of undergraduates in institution (n = 140),
n (%)

<5,000 74 (53)

5,000–15,000 42 (30)

>15,000 24 (17)

Abbreviation: IQR = interquartile range.
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conduct research in the following areas: basic science research
(100%, 40/40), clinical neurology research (50%, 20/40),
radiologic research (32.5%, 13/40), and patient-centered
and/or epidemiologic research (32.5%, 13/40).

Perceptions of Neurology Research
To better understand faculty references to clinical neurology
in their courses, respondents were asked to define “clinical
neurology research” in the form of a free text response
(Table 2). Four main themes emerged. In the first theme
titled “Research of healthy humans and clinical populations,”
faculty gave responses that focused on doing research of
clinical populations such as “Research with humans with
various neurological conditions” or “Deficits resulting from
any abnormality in the brain.” There were also responses that
focused on defining neurology as research of the “Brain-
behavior relationship.” The second theme titled “Research on
the nervous system” contained any response that mentioned
the key words “nervous system.” The third theme titled
“Collection of data for diagnostic or treatment application”

contained responses that saw clinical neurology as a means to
develop “treatments,” “diagnostic criteria,” or “medical ap-
plication.” An example of an answer in this theme is “Research
that has a more direct application to yielding medical treat-
ments than research that is intended to help with un-
derstanding the healthy nervous system.” The fourth theme
titled “Research on diverse subfields of neuroscience” con-
tained responses that used neuroscience within it and referred
to various subfields of it including topics related “translational
neurobiology” or “epidemiology” or “neuroradiology.” Of
note, 5 of the 123 respondents indicated not knowing how to
define clinical neurology.

Current Opportunities
Table 3 presents opportunities for students in clinical neu-
rology or clinical neurology research. Faculty respondents
indicated that current opportunities for students in clinical
neurology or clinical neurology research include shadowing a
neurologist/clinical work in a neurology setting (75.8%, 75/
99), research positions within an academic medical center

Figure Distribution of Institutions, Faculty Courses/Research, and Undergraduate Research Requirements

*Patient-centered research focuses on patients’ beliefs, preferences, and needs, in contrast to clinical neurology research which focuses on the scientific
study of fundamental mechanisms that underlie diseases and disorders of the brain and CNS.
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(80.8% 80/99), and volunteering with patients with neuro-
logic disorders (55.6%, 55/99). In addition, 24.6% (34/138)
reported inviting practicing neurologists or clinical neurosci-
entists to visit and speak to students about their work. Of
those who did not currently invite such speakers (N = 103),
nearly all (99%, 102/103) were in favor of having the op-
portunity to do so in the future. Some faculty indicated that

research opportunities were available at their institution on a
student-to-student basis (91.7%, 22/24), but very few (20%,
6/30) reported that their department/program had a formal
research program in place with neurologists. Most (89.3%,
25/28) faculty noted that shadowing opportunities were
available to students on a case-by-case basis, but very few
(24.3%, 9/37) reported that their department/program had a

Table 2 Qualitative Data: Definitions of Clinical Neurology Research, Student Barriers to Finding Clinical Neurology
Research Opportunities, and Advice for Undergraduate Neuroscience Students

Major themes Subthemes

How do you define clinical neurology research?

Research of healthy and clinical populations (121) Research of abnormal brain functioning (64)
Study of human subjects (50)
Brain-behavior (7)

Research on the nervous system (NS) (24) NS pathology (16)
NS function (8)

Collection of data for diagnostic and treatment application (84) Treatment/medical treatment (40)
Diagnostic criteria/cause (17)
Research (16)
Mechanisms (11)

Research on diverse subfields of neuroscience (19) Applied clinical neuroscience (5)
Translational/translational neurobiology (4)
Basic science (3)
Basic neuroscience (2)
Radiology (1)
Epidemiology (1)
Health neuroscience (1)
Functional neuroscience (1)
Clinical science (1)

Other (9) Don’t know (5)
Imaging (3)
Animal (1)

What have you noticed as the main barriers for your students towards finding clinical neurology research opportunities?

Lack of exposure (52) Lack of opportunities (32)
Lack of knowledge (20)

Inadequate resources (53) Need connections (22)
Need money (13)
Other college limitations (18)

Regional limitations (25) Geographical limitations (16)
Clinical setting limitations (9)

Student interest, experience, and discomfort (28) Lack of interest (13)
Lack of experience (6)
Discomfort (9)

Other (15) Logistical issues (10)
No barriers (5)

If you could give a neuroscience major undergraduate student a word of advice, what would it be?

Mindset (55) Be creative and flexible (18)
Work ethic (37)

Find as much experience as you can, through mentors, faculty, research, and internships (31) Gain experience (22)
Build connections

Take your time to find what you love and enjoy doing (45)

Long term thinking (23) Plan ahead (11)
Things to know about the field (12)

Other (9) Coursework suggestions (5)
Career concentration suggestions (4)
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formal shadowing program in place with neurologists. Simi-
larly, few faculty (28.1%, 39/139) indicated having connec-
tions with nearby neurologists for students to have a clinical
neurology shadowing opportunity.

Barriers for Students Toward Finding
Research Opportunities
Four major themes emerged from faculty’s responses to the
question “What have you noticed as the main barriers for your
students towards finding clinical neurology research oppor-
tunities?” They were (1) lack of exposure; (2) inadequate
resources; (3) regional limitations; and (4) student interest,
experience, and discomfort (Table 3). The first theme “lack of
exposure” was based on a lack of connections as reflected in
the following responses: “connections necessary, don’t know
one” or “connections, we’re a small school and we just don’t
have someone who can do the leg-work for us.” The second
theme “inadequate resources” contained responses related to
financial hardship/time constraints and funding limitations,
which can be exemplified in this response “students need
money to live on if they are to have a significant experience.”
The second theme also emphasized the few opportunities
available, including the competitiveness of getting opportu-
nities as a barrier as well as the fact that researchers and
physicians are often unwilling as they do not want “under-
graduates in their labs” or do not “provide opportunities.”The
third theme “regional limitations” included responses that
mentioned geography as being a barrier like “our campus is
too distant from a clinical setting.” The fourth theme “student
interest, experience, and discomfort” focused on limitations
originating from the students, such as a lack of interest
reflected in the responses “more interested in basic research
or other clinical research” or simply lack “desire.” This section
also emphasizes networking and students’ “discomfort with
cold calling” clinicians as well as their possible insufficient

academic experience being a limitation. Of note, faculty noted
other additional barriers including limitations in finding op-
portunities due to coronavirus disease 2019 (COVID-19) and
other logistical issues such as “paperwork and campus bu-
reaucracy.” A few respondents reported no barriers.

Advice Faculty Would Provide to
Undergraduate Neuroscience Majors
Four major themes emerged from faculty’s responses to the
question, “If you could give a neuroscience major un-
dergraduate student a word of advice, what would it be?” The
themes were (1) mindset; (2) find as much experience as you
can, through mentors, faculty, research, and internships; (3)
take your time to find what you love and enjoy doing; and (4)
long-term thinking (Table 2).

Setbacks
Neuroscience faculty indicated the following as challenges
students in the neuroscience major face: other required major
courses too difficult (45%, 63/140), other education/life
challenges not specific to the neurology major (40.7%, 57/
140), required neuroscience courses are too difficult (30%,
42/140), not wanting to attend a graduate program to find a
career in neuroscience (25%, 35/140), challenging to envision
career options with a neuroscience major (17.9%, 25/140),
and others (12.1%, 17/140).

Neurology Exposure
All of the faculty respondents reported speaking with students
about neuroscience careers, with about half (51%; 72/140)
speaking frequently about this topic. Some faculty reported
teaching students about translational neuroscience (39.9%, 55/
138). Most (93.6%; 131/140) stated their courses included a
discussion about neurologic conditions yet, only 4% (6/139)
reported discussion of the neurologist shortage in the country.

Table 3 Existing Opportunities for Students in Clinical Neurology or Clinical Neurology Research

n/N (%)

Shadowing a neurologist/clinician working in a neurology setting 75/99 (75.8)

Volunteering with neurologic patients 55/99 (55.6)

Research positions with an academic medical center 80/99 (80.8)

Other 5/99 (5.1)

Have had practicing neurologists or clinical neuroscientists visit and speak to students 34/138 (24.6)

Would be open to having practicing neurologists or clinical neuroscientists visit (if there have been no visits) 102/103 (99)

Connections nearby for students to have clinical neurology shadowing opportunities 39/139 (28.1)

Department/program has a formal shadowing program in place with neurologists 9/37 (24.3)

Shadowing opportunities available on a student-to-student basis 25/28 (89.3)

Connections with neurologists nearby for students to conduct clinical neurology research projects 31/140 (22.1)

Department/program has a formal research program in place with neurologists 6/30 (20)

Research opportunities available on a student-to-student basis 22/24 (91.7)
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Suggestions for Improving
Neuroscience Programs
The top 3 suggestions for incorporating more neurology into
existing neuroscience programs were (1) funding for students
to take part in neurology research experiences (81.3%, 104/
128), (2) connecting with local neurologists (78.1%, 100/
128), and (3) funding for sending students to neurology
conferences (62.5%, 80/128).

Discussion
This study gains insight from undergraduate neuroscience
faculty who teach students about the brain and who may be
the first to expose these students to neurology. Our results
show that despite increases in the number of institutions of-
fering an undergraduate neuroscience major or minor in re-
cent years, there are currently several key barriers limiting the
ability to connect the undergraduate neurosciences to clinical
neurology, including faculty being neutral (not comfortable or
very comfortable) regarding their familiarity/comfort with
clinical neurology, lack of curricular exposure to clinical
neurology, and limited resources to share with students.
Undergraduate neuroscience programs could prioritize dis-
cussion of neurology/clinical neurology clerkships and elec-
tives within medical school, along with initiatives that further
connect the clinical neurology and neuroscience education
communities. This will likely result in an increased awareness
and interest among this student population and take advan-
tage of a time when students can make academic decisions
that lead to a future career in neurology.

Neuroscience faculty do not feel comfortable with clinical
neurology concepts. Thus, initiatives that grow the clinical
knowledge base of neuroscience faculty may translate into
greater comfort and familiarity as well as inclusion of this
content into the classroom. For example, the AAN might
develop an online instructional material for faculty which
could then be used in their courses. Personal subscriptions or
greater access to journals such as Neurology® would expose
neuroscience faculty to up-to-date neurology research and
therapeutic approaches in the field that can also augment
course content. Membership to the AAN and opportunities to
attend the annual AAN meeting are also strategies to increase
exposure of clinical neurology among neuroscience faculty.
Subspecialty societies such as the American Neuropsychiatric
Association (ANPA) may also be a natural fit for exposing
neuroscience faculty to clinical neurology (and clinical psy-
chiatry). Furthermore, content from ANPA’s journal titled
“Journal of Neuropsychiatry and the Clinical Neurosciences”may
be adapted for undergraduate neuroscience faculty for con-
tinuing education. Other journals including Frontiers in Neu-
rology, JAMA Neurology, Lancet Neurology and Journal for
Neurology, and Neurosurgery and Psychiatry might also help
develop content for the faculty. Similarly, neuroscience soci-
eties such as the Society for the Neurosciences might have
more continuing education and professional development

opportunities with neurologists so that faculty can interact
with and learn from them.

A consequence of the aforementioned barrier, the lack of
faculty knowledge base about clinical neurology, is that a
valuable clinical neurology material may not be incorporated
by these educators into their course materials. Our findings
are also supported by prior findings that unfortunately, few
undergraduate neuroscience majors are exposed to clinical
neurology and clinical neurology research opportunities be-
cause the curricular focus is most heavily on the basic sci-
ence.13 The undergraduate years are a period when students
often want to learn about careers applicable to their studies.
Undergraduate students have expressed increased awareness
of issues in medicine. Learning about the clinical application
of the undergraduate work can have a profound effect on their
career choice.14 Our results indicate that neuroscience stu-
dents could be made more aware of the current shortage of
neurologists in the United States and that a career in neu-
rology could be a good fit for students interested in the brain
and brain research. Currently, only 4% (6/139) of faculty
initiate discussions about the present-day shortage of neu-
rologists in the United States, and only 39.9% (55/138) teach
students about translational neuroscience research. Discus-
sion of both of these topics is key to greater understanding
among neuroscience majors of career opportunities that exist
for them. In addition to a general deficit in the number of
neurologists in the United States today, there exists an even
greater demand for underrepresented neurologists and neu-
rology researchers.15 Our survey revealed that only about half
(51%) of faculty members speak frequently about possible
career options in the field of neurology. Thus, undergraduate
neuroscience majors represent a student population for tar-
geted outreach prior to medical school.

To increase representation and engage with diverse groups of
neuroscience students, there needs to be strategic outreach,
an increase in the availability of campus or classroom dis-
cussions about the present-day scarcity of neurologists, and
more frequent discussions about the clinical neurology careers
available to neuroscience majors. Developing courses that
include neurologists as guest speakers, opportunities for stu-
dents to meet people with neurologic conditions, and op-
portunities to discuss neurology cases might be ideal.

Currently, only 50% of faculty (20/40) reported that students
have the option to pursue clinical neurology research when a
capstone/thesis requirement is in place for the neuroscience
major. Yet, 100% (40/40) of faculty reported that students are
allowed to pursue basic science research for their capstone/
thesis requirements. The reasons for this distinction and the
logistical or departmental impediments students face in pur-
suing clinical neurology research for their culminating un-
dergraduate research projects are important areas for further
research. An initial prediction as to why colleges may dis-
courage or prevent students from pursuing clinical neurology
research projects, based on faculty’s perceived barriers for
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students, may be the lack of practicing neurologists as faculty
mentors, inability to access patient populations or inadequate
funding. Establishing connections between practitioners and
institutions with neuroscience programs is a direct way to
open clinical research opportunities for students.

It is important that faculty citedmultiple perceived barriers for
undergraduate students pursuing the neuroscience major.
The lack of connections with neurologists in the area may
prevent the college from providing support for students who
want to pursue research or shadowing opportunities. Most of
the faculty participants (78.1%, 100/128) stated that a way of
incorporating neurology in already existing neuroscience
programs was through creating more connections with local
neurologists. Only 28.1% (39/139) indicated having con-
nections with nearby neurologists for students to have a
clinical neurology shadowing opportunity. During the COVID-
19 pandemic, virtual shadowing programs, virtual classrooms,
and free virtual grand rounds emerged. The Duke Tele-
neurology Shadowing Experience16 and the Lenox Hill
BRAINterns Program sponsored by the Department of Neu-
rosurgery17 are just 2 examples of virtual shadowing opportu-
nities for undergraduate students. Even if there are practical
considerations such as confidentiality and inadequate expertise
at the undergraduate level that may prevent students from
taking on significant roles in patient-centered research, students
should still be given opportunities to learn about the kind of
clinical research occurring in the field and encouraged to de-
velop specific avenues of interest.

Similarly, more neuroscience faculty need opportunities to
supplement their classroom education with guest clinical
neurologists who can provide an overview of the latest re-
search and clinical interventions in the field. We found that
while few faculty (24.6%, 34/138) currently invite clinical
neurologists to speak to their students, 99% of faculty are
open to doing so. These data suggest that practical barriers
such as funding, lack of contacts, or geographical limitations
may impede faculty from hosting clinical neurology guest
speakers, the same barriers mentioned that impede students
from finding clinical neurology opportunities. An important
challenge for the clinical neurology community is to help
establish these connections with neuroscience faculty to fa-
cilitate opportunities for clinicians to meet with students in
the classroom. Guest speakers connecting remotely with
students has been a recent solution to this problem and can be
seen in programs such as the George Washington University
Epilepsy Center Grand Rounds Series,18 or with New York
University’s course, “Grand Rounds Seminar in Child and
Adolescent Mental Health Studies” which was completely
remote in 2021.

An additional important limitation reported by faculty
members was the lack of a formal program in place for stu-
dents looking to pursue research opportunities in neurology.
Multiple studies have shown that direct hands-on experience
is an important factor in career choice, and one of the most

important factors in graduate school admission is students’
research experience.19 In fact, a 2019 report generated by the
Association of American Medical Colleges, after surveying
medical school admissions faculty on the factors that are of
importance when offering interviews/acceptance offers,
found that on a scale of 1–4, research experience was rated as
≥2.5 and <3.0.20 While opportunities for involvement in basic
neuroscience research are abundant through faculty labora-
tories on campus or as part of thesis/capstone requirements,
there are significantly fewer opportunities for engaging in
clinical neurology research or patient-centered research. This
may be due to an inability to access formal/informal clinical
neurology research or shadowing opportunities because of the
geographical location. For example, not all colleges have a
medical school or large enough medical center nearby with
practicing neurologists. Similarly, some campuses lack pro-
fessors who are practicing clinical neurologists or research
laboratories engaged in clinical neurology research. In addi-
tion, when clinical neurology research opportunities are pre-
sent on campuses, they are reportedly highly competitive, and
the availability of undergraduate positions is far less than the
demand from students. In other cases, undergraduate stu-
dents are not desired in clinical neurology research labora-
tories and time is spent engaging graduate students in faculty
research. With the idea of creating more formal programs,
there could be opportunities that are performed online or
summer opportunities with possible housing or stipends for
students to experience working with neurologists in a hospital
or research setting.

Another major barrier perceived by faculty members as im-
peding students from pursuing neurology specific opportu-
nities is the lack of funding. Lack of funding can be seen in the
need for resources for travel to take part in programs, a lack of
time due to working for an income, which comes hand in hand
with the inability to take part in unpaid opportunities which
may sometimes be the only available options. In fact, 81.3%
(104/128) of faculty believed funding for neurology research
opportunities is important to allow students to partake in
research experiences. Students oftentimes must choose paid
opportunities to support their undergraduate education. In
addition, 62.5% (80/128) stated that funding to attend neu-
rology conferences would be helpful. Student funding to
attending conferences might provide opportunities for net-
working, overcome geographic barriers, increase exposure to
clinical research, and clinician scientists and help students put
their research into a larger context. These findings highlight
the need for faculty, department heads, and funding bodies in
the fields of neuroscience and clinical neurology to devise
more formalized, paid opportunities for neuroscience stu-
dents to participate in and engage with clinical neurology
research and experiences.

Based on this study, future steps to increase students’ interest
and likelihood of pursuing a career in neurology should in-
clude creating formal undergraduate programs that provide
students with funding, research, and networking
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opportunities with neurologists in their area. Future work
might build on the recent publication which discussed how
various clinician neurologists and clinician neurology re-
searchers have integrated undergraduate students into their
work. Only 20% (6/30) of faculty who reported having re-
search programs in place for students indicated having a
program specifically for neurology, and many had no pro-
grams in place at all. Funding, a shortage of networking and
clinical and research opportunities in neurology, and a lack of
formalized neurology programs for students are the 3 most
important barriers; addressing this may go a long way to
reducing the shortage of future neurologists in the country.
Future work might also compare the experiences of un-
dergraduate neuroscience faculty and students at institutions
with and without an affiliated medical school to determine
whether they might have different abilities and needs in
establishing the clinical and research opportunities in neu-
rology. In addition, it may be beneficial to have pipeline ini-
tiatives that help faculty who mentor premedical students by
providing resources on mentorship on how to get into med-
ical school, how to write letters of recommendation, etc.

Although there was widespread geographic distribution of
respondents’ colleges, generalizability of our study may be
limited by our response rate of 26%. (However, this response
rate is in line with other national studies of professionals
published in Neurology.)21-23 In addition, most of our re-
spondents (65%) were from Liberal Arts colleges. Those from
private research universities comprised 17% of our sample.
This may present a bias in respondents in saying students
need more funding and research opportunities. In addition,
we do not have demographic information on the nonre-
sponders. This may limit some of the generalizability of our
conclusions.

Neuroscience faculty are interested in exposing students to
the field of neurology. Despite discussion of neurologic con-
ditions in courses, there is an absence of emphasizing the need
for neurologists in the United States. Undergraduate neuro-
science can likely be bridged with clinical neurology by en-
hancing neurology shadowing, research experiences, as well as
connections made in the classroom (in-person or remote).
Based on this study, we suggest the development of resources
to (1) increase faculty comfort with neurology, (2) enable
students to network and develop relationships with neurol-
ogists and have hands-on neurology exposure, and (3) help
students find sources of funding for such programs. Resources
need to be available to faculty and their respective students in
different geographical locations online or by providing fund-
ing for travel. Finally, participation in these programs should
count toward capstone or major requirements to promote
undergraduates to pursue these opportunities.
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Abstract
Introduction
Premedical students who identify from historically marginalized racial and ethnic backgrounds
are more likely to lose interest in medicine than their White counterparts. Loss of interest has
been attributed to a lack of exposure to the field and little mentorship.

Objectives
The PreDoc Program was designed as a longitudinal experience to promote exposure to and
interest in academic medicine, particularly through the lens of neurology for premedical stu-
dents who identify from historically marginalized racial and ethnic backgrounds.

Methods and Curriculum
The program included the following core components: (1) senior (faculty) mentor to facilitate
direct contact with a physician, networking, and professional development coaching; (2) junior
(medical student) mentor to provide near peer support and increased knowledge of the medical
school application process; (3) large group meetings aimed at teaching professional de-
velopment and working through clinical problem-based learning; (4) shadowing experiences
aimed at increasing knowledge of patient care delivery and other academic roles; and (5) a
clinically oriented project. After initial grant support to create the program, it has been
maintained successfully with minimal funding through the Department of Neurology.

Results and Assessment
The program recruited 29 student participants who completed at least 1 year of the program, 18
senior mentors, and 23 junior mentors over 4 academic years. The overall quality of the
programwas rated at 4.7 of 5 (median 5, range 2), with an upward trend seen over time. Over its
first 2 years, the program facilitated the following estimated activities: 45 in-person senior
mentor meetings, 27 in-person junior mentor meetings, 42 shadowing experiences, 60 large
group meetings, and 360 email communications. Student-reported strengths included ease of
shadowing, usefulness of problem-based learning cases, mentor relationships, and encourage-
ment received. Areas for improvement included increasing the strength of junior mentor
relationships and increased opportunities for socialization outside of the formal meetings.

Discussion and Lessons Learned
It is feasible to create a successful, longitudinal, clinically focused undergraduate pipeline
program for students who identify with historically minoritized racial and ethnic backgrounds
with minimal funding centered in a Department of Neurology to help promote diversity within
the field.
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A disparity exists between racial and ethnically marginalized
populations and their representation in medicine. As of 2018,
5% of physicians identified as Black or African American and
5.8% identified as Hispanic or Latinx, while 13.4% and 18.5%
of the US population identified as Black or African American
and Hispanic or Latinx, respectively.1,2 Despite efforts to
overcome this disparity, the percentage of Black male physi-
cians did not change between 1940 and 2018.3 In addition, the
percentage of Black female physicians grew by only 2.7% in
this time.3

These disparities in the healthcare workforce have also been
observed in the field of neurology. From 2006 to 2017, 3.4%
of neurology faculty assistant professors identified as His-
panic, Latino, or of Spanish origin and 2.5% identified as
Black or African American. The percentages of individuals
identifying with these backgrounds at higher levels of aca-
demic rank were even less.4 In addition to the lack of equity
for Black and Latinx individuals with an interest in neurol-
ogy, this disparity likely contributes to the underutilization
of neurologic services and worse neurologic outcomes for
patients who identify with similar backgrounds. From 2006
to 2013, 1.18% of the US population who identified as
Hispanic and 2.06% of those who identified as Black visited a
neurologist, compared with 3.26% of the White population.5

Distrust of a predominantly White physician workforce by
Black and Latinx patients and the potential effect on health
outcomes have been well documented.6-9 Black and His-
panic patients seen by physicians of a concordant race were
more likely to rate care as excellent, including respect, ex-
planations of medical problems, and listening.10 African-
American patients being treated in a primarily African-
American provider clinic were more likely to report trust,
comfort, and the feeling of concern from the provider.11

Latinx patients have shown decreased satisfaction with their
communication with White physicians.12

Many declared premedical students who identify with his-
torically minoritized racial and ethnic backgrounds begin
their undergraduate degree with intentions of becoming a
physician. However, these students are less likely to remain
premed than their White counterparts. Frequently cited
reasons for students losing interest in medicine include
limited knowledge of the field and minimal encouragement
and mentorship. By contrast, engagement with physicians
helps maintain interest.13 Generally, students accepted to
medical school attribute their acceptance to guidance, in-
formation, and support from mentors and peers.14 Un-
dergraduate students majoring in neuroscience reported that
only 25%–30% had spoken to a neurologist about career

experience and/or had the opportunity to shadow a
neurologist/neuropsychologist. Furthermore, only 14% had
the opportunity to interact with neurology patients. Whereas
96% of students who engaged in such interactions felt they
were useful in characterizing the career of a neurologist.
Those who were able to create these opportunities, most
commonly did so using personal connections, which has the
high potential to favor those in privileged positions over
marginalized populations.15 Many short, research-focused
programs (e.g., Summer internships) exist to increase
readiness for the medical school application process, but
there is a shortage of longitudinal clinically oriented pro-
grams directed toward students from racial or ethnically
marginalized backgrounds.16

Objectives
Drawing on the experience of the Johns Hopkins Medicine
(JHM) Neurology Department, we created our own PreDoc
Program at the University of Rochester. JHM’s program
successfully promoted undergraduate student interest and
scholarly productivity in health care through longitudinal
clinical, research, and educational exposure in academic
medicine.17 We sought to design a longitudinal, 2-year, clin-
ically focused experience for premedical students who iden-
tified with a historically marginalized racial or ethnic
background. The program’s goal was to promote exposure to
and interest in academic medicine, particularly neurology,
because the program was run through the Department of
Neurology. In addition, given the limited sources of funding
for pipeline programs, we sought to establish a model that
would need minimal financial support to function effectively.
The goals of the program were to inspire students to pursue
careers in academic medicine and particularly neurology, ad-
dress knowledge gaps about the medical school admission
process, and provide students with meaningful clinical expe-
riences and mentorship.

Methods and Curriculum
Starting July 2018, undergraduate students at the University
of Rochester and local Rochester area high school students
were selected to participate in a 2-year longitudinal pre-
medical mentorship program, titled the University of
Rochester PreDoc program. Participants were required to
self-identify with a racial or ethnic background historically
minoritized in medicine, using the Association of American
Medical Colleges definition of underrepresented in medicine:
“Underrepresented in medicine means those racial and eth-
nic populations that are underrepresented in the medical

Glossary
COVID-19 = coronavirus disease 2019; GPA = grade point average; JHM = Johns Hopkins Medicine; STEP = Science and
Technology Entry Program.
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profession relative to their numbers in the general pop-
ulation.”18 The program began with a 2-year pilot, which in-
cluded the 2018–2020 academic years, and has continued
annually since. The program runs throughout the academic
year (September through April), allowing students to pursue
alternative Summer experiences. Sharing of results from our
program development and evaluation was deemed by the
University of Rochester research subjects review board to not
require oversight.

Recruitment
During its first year, the program recruited 5 high school
students in addition to 5 undergraduate students. There was a
formal application, which circulated electronically to the
University of Rochester Minority Association of Premedical
Students group19 and the University of Rochester Science and
Technology Entry Program (STEP) for high school students.
The application included the following components: (1)
personal statement, (2) unofficial transcript, (3) 1 letter
of recommendation, (4) statement of interest and availability,
and (5) demographic information. We considered a wide
array of attributes during the selection process that attempted
to weigh the relative level of privilege that students may have
had already. For example, we favored first-generation college
students and those who did not have the benefit of having a
specific familial role model within medicine (learned through
their personal statement). We examined grade point average
(GPA) and valued those who showed academic success, but
not necessarily scores equal to the average GPA for students
admitted to medical schools. We also valued those with a
lower than average GPA, but with a clear trajectory for im-
provement. We did not focus significantly on writing ability or
access to previous medical experiences. During the first year,
we received approximately 30 applications for 5 un-
dergraduate spots and 5 high school students were chosen of
10 appropriately aged students in STEP. There was no in-
terview process. After the first year, program content was
deemed more suitable for undergraduate level learners, and
only undergraduate students were recruited in the following
years.

Program Components
The major components of the program included senior
(i.e., faculty) and junior (i.e., medical student) mentors,
shadowing opportunities for both clinical experiences and
other academic roles (e.g., conferences, teaching), large group
meetings, and an individual clinical project (Table 1). Each
participant was expected to meet with each of their mentors at
least twice yearly. In addition, participants were expected to
shadow their senior mentor initially and then with other
physicians. At the University of Rochester, there is a short-
term observational experience policy that allowed us to easily
set up these experiences through a quick process involving an
independent review and signing of materials by the student,
and preceptor confirmation of student vaccination status.
Through the shadowing and mentor experiences, students
were expected to benefit from direct contact with a physician,
increased knowledge about patient care delivery, advice about
medical school preparation and applications, networking for
research and volunteer opportunities, and the potential for
letters of recommendation for Summer experiences and
medical school applications. We did not specifically capture
demographic information (e.g., self-identified race/ethnic
background and sex) for our mentor groups and did not
specifically attempt to recruit senior mentors who identified
with a racial or ethnic background minoritized in medicine.
We did attempt to recruit junior mentors who self-identified
with similar race/ethnic backgrounds as our program students
by indicating that desire in our recruitment messaging but did
not require that the medical students provide us with their
demographic information.

Students participated in 4–6 large group meetings per year to
learn about and discuss important topics in medicine and
professional development. Each meeting was 2.5 hours and
began with a professional development talk or panel discus-
sion (Table 2) followed by a medical problem-based learning
case. The case topics rotated through Emergency Medicine,
Internal Medicine, Neurology, Obstetrics and Gynecology,
Pediatrics, Psychiatry, and Surgery. Large group meetings
were expected to be in-person; however, the coronavirus

Table 1 PreDoc Program Components

Program component Description

Senior mentor Physician faculty at the University of Rochester who meets at least twice yearly with student, helps set up shadowing experiences,
provides professional development guidance, and serves as a resource for professional letters of recommendation

Junior mentor Medical student at the University of Rochester who meets 2–4 times yearly with student, provides professional development
guidance and information about medical school applications.

Shadowing
experiences

Students are provided 3–4 shadowing experiences per year with their senior mentor as well as other physicians at the University.

Large group
meetings

Opportunities for the whole group to get together with program leadership, go over professional development topics, meet with
panels of medical students and physicians, and participate in problem-based learning cases.

Individual clinical
project

Individual project related to patient-care or a medical condition.
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disease 2019 (COVID-19) pandemic forced large group
meetings between March 2020 and August 2021 to be virtual.

Throughout the 2-year program, students worked on an in-
dividual project of their choosing to present to their peers at
the program graduation ceremony. Projects included medical
research studies, patient informational pamphlets, and public
health projects.

Program Leadership
During the pilot, 1 leadership position existed: Program Di-
rector, who would oversee the program in its entirety. After

the pilot, 2 additional leadership positions, ProgramChief and
Student Director, were created to spread the responsibilities
among multiple individuals and provide students with lead-
ership experience. Once the program was established, it is
estimated that each leadership position has required approx-
imately 20 hours per year of work in maintaining the program
(not including the time allocation for individual student
mentorship). The roles and responsibilities of all leadership
positions are outlined in Table 3.

Program Evaluation
Program success and effect were assessed through activity
tracking and student evaluation responses. Activity-tracking
data included the number of large group meetings attended,
in-person meetings with junior and senior mentors, shadow-
ing experiences, and email communications. These data were
collected from students who participated in the 2-year pilot.
As not all students returned their tracking documentation, the
results were extrapolated by creating averages for each cate-
gory based on the number of students who tracked their
activity and then estimated for all students in the program.

Program evaluation responses were collected via anonymous
Google Forms survey from program participants. Survey
questions varied in type, including 5-point Likert scales, yes/
no, and open-ended questions. Students rated the quality of
the program, helpfulness of junior and senior mentors, help-
fulness of shadowing experiences, ease of navigating shad-
owing experiences, and helpfulness of large group meetings.

Table 2 Large Group Meeting Topics

Resilience and perseverance in the journey to medicine

Experience of a physician identifying with a racially or ethnically minoritized
background

The power of (counter)-narratives: a focus on identity and implicit bias

How to be an effective mentee

Q&A panel with medical students who identify with a racially or ethnically
minoritized background

Q&A panel with subspecialty physicians

Meeting with the dean of admissions at the University of Rochester

Meeting with the director of the office of diversity and inclusion

American Medical College Application Service overview

Table 3 PreDoc Program Leadership Roles and Responsibilities

Role Program Director: Physician
20 h/y

Student Director: Medical
Student
20 h/y

Program Chief: Undergraduate student and
graduate of the PreDoc program
20 h/y

Overall program
administration

• Oversees program in its entirety
• Manages program funding

• Serves as a liaison for the junior
mentor/mentee relationship

• Notifies students of logistics, yearly schedule,
and mentor-mentee pairings
• Works with Alumni Chair to create yearly
PreDoc Newsletter
• Serves as Alumni Chair the following academic
year
• Annual website update

Recruitment • Oversee student selection with other leaders
•Recruits yearly cohort of faculty seniormentors
and creates pairings

• Conducts detailed review of
applications and helps select
students with program leadership
• Recruits yearly cohort of medical
student junior mentors and
creates pairings

• Conducts detailed review of applications and
helps select students with program leadership
• Communicates with, and conducts a teaching
session for the MAPS program to increase
interest in program

Coordinating,
planning, and
leading sessions

• Leads yearly senior mentor training session
• Helps recruit guest speakers for large group
meetings, attendsmost meetings, and facilitates
problem-based learning cases

• Leads yearly junior mentor
training session
• Aids in coordinating, attends all
large group sessions, and
facilitates problem-based learning
cases
• Coleads at least 1 large group
session with Program Chief

• Aids in coordinating, communicates schedules
with students, attends all large group sessions,
and facilitates problem-based learning cases
• Coleads at least 1 large group session with
Student Director

Program
evaluation

• Reviews program feedback and creates yearly
improvement plan with other leaders

• Reviews program feedback and
creates yearly improvement plan
with other leadership

• Reviews program feedback and creates yearly
improvement plan with other leadership

Abbreviation: MAPS = Minority Association of Premedical Students.
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Descriptive statistics were used to analyze and report the
evaluation data. In addition, students reported any additional
benefits from the program besides the stated core compo-
nents, strengths of the program, and areas of improvement.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Funding and Program Support
The program director received initial support from a local
grant through the University of Rochester in the form of an
inclusive climate leadership fellowship. Subsequently, the
program was maintained with minimal funding secured from
the University of Rochester Neurology Department’s di-
versity, equity, and inclusion budget. These funds provided
stipends for the 2 student leadership positions ($2,000 each
per year), lunches during meetings, and transportation to
meetings when requested. Once the program was established,
the annual funding requirement has been $6,000 per year. The
program director and mentor positions have remained vol-
unteer. The program has not required support for an addi-
tional administrative individual because the student leaders
assumed most of the administrative responsibilities. The
PreDoc program students were not specifically compensated,
but the programwas designed to run during the academic year
with contact hours that minimally interfered with their
coursework and did not require significant travel.

Results and Assessment
From 2018 to 2022, the program recruited 29 student par-
ticipants who completed at least 1 year of the program (27
undergraduate and 2 high school students), including 13
Black or African-American students, 15 Latinx or Hispanic
students, and 1 Asian-American student. Eighteen senior
(faculty) mentors and 23 junior (medical student) mentors
were recruited to participate. Ninety-six percent of un-
dergraduate students completed the full program as of Spring
2022, 2 of the 5 high school students completed 1 year of the
program, and 3 of 5 high school students did not adequately
engage in the program (Figure). Since the program was run
through and funded by the Department of Neurology, most of
the senior mentors were neurologists (91% during the pilot,
61% for all program years).

Activity Tracking
A total of 15 students from the pilot program (2018–2020)
completed at least 1 year of the program (7 students who
completed the first year, 5 students who returned for the
second year, and 8 students recruited during the second year
of the pilot). Accounting for the 5 returning students, there
were 20 student-years of data collected for activity tracking.
We received a total of 12 returned activity trackers for the 20
student-years (60%), as not every student returned their
activity-tracking data. The students met with their senior

mentors in-person a median of 2 times per year (range 1–4)
and met with their junior mentors in-person a median 1 time
per year (range 0–5). They participated in a median 1.5
shadowing experiences (range 0–8), 3 large group meetings
(range 2–4), and had 10 email communications with mentors
per year (range 5–68). Using the information received and
extrapolating for all 20 student-years, we estimated that the
program facilitated the following activities during the 2 pilot
years: 45 in-person senior mentor meetings, 27 in-person
junior mentor meetings, 42 shadowing experiences, 60 large
group meetings, and 360 email communications.

Program Evaluation
A total of 35 anonymous program evaluation surveys were
collected from all 4 years of the program, including the
pilot, with results reported in Table 4. Students reported
that strengths of the program included mentorship rela-
tionships (both support and encouragement from, and
normalization of physicians), exposure to medicine, the
problem-based learning cases and the large group meetings,
and connection to additional resources/opportunities.
Sixty percent of the students reported benefits from the
program besides the stated core components including
receiving letters of recommendation for Summer experi-
ences and medical school, and connections made to help
facilitate research opportunities. Areas for improvement
cited by students included strength of the junior mentor
relationships, desire for increased large group meetings,
and desire for increased opportunities for socialization
outside of the formal meetings. Table 5 shares exemplar
quotations from student evaluation responses discussing
strengths and areas for improvement.

Discussion and Lessons Learned
We successfully created a longitudinal, clinically focused
pipeline program requiring minimal funding for un-
dergraduate students who identified with a racial or ethnic
background historically minoritized in medicine. The pro-
gram was directed by an academic neurologist and primarily
run through the Department of Neurology, thus providing
students with increased exposure to the field, including a total
of 507 interactions over the pilot 2 years with majority neu-
rologists. Students found their senior mentors, shadowing
experiences, and large group meetings especially helpful.
These aspects of the program offered mentorship and in-
creased knowledge of the field, both of which are cited factors
that retain students on the premedical education track.13

Students were also exposed to the general roles and re-
sponsibilities of an academic neurologist including scholarly
work, teaching, and conferences. Our activity-tracking data
support the feasibility and success in building these longitu-
dinal relationships between students and their mentors.

Our program evaluation indicated that students were very
satisfied with the overall quality of the program (Table 4). We
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feel that success was likely improved and sustained by the
addition of the student leaders who helped add programming
most relevant to our students and worked to support the
mentor-mentee relationships. Helpfulness of the senior
mentor was also a clear highlight as evidenced by the high
rating. Evaluations commented on support (e.g., mental
support and letters of recommendations), normalization of
physicians, exposure to the field, and connections made. The
helpfulness of shadowing experiences and perceived ease of
shadowing were rated highly. Large group sessions were also
popular with the students because they allowed students to
come together as a group, provided professional development
learning, and got students excited to think through medical
cases similar to what they would experience in medical school.

Leadership of the program was eventually split into 3 different
positions, which helped to minimize the time requirement

for the director and provide leadership opportunities for
students. Although many medical centers are prioritizing di-
versity, equity, and inclusion, the financial support of pipeline
programs is often limited. After initial salary support for the
director to create the program, the director position is now
volunteer, and only minimal support is required for student
leader stipends, large group meeting lunches, and student
transportation costs (currently covered by the Department of
Neurology). Faculty and medical student volunteer mentors
can expect their experiences to be rewarding and lead to
personal and professional development, and may qualify fac-
ulty for incentive salary support in some departments.20 In
addition, participation in the program may allow neurology
faculty to meaningfully broaden their perspectives and expe-
riences with individuals of differing backgrounds. This is
particularly important for faculty who do not themselves
identify as minoritized, and it is important for such faculty to

Figure Program Participation Flow Diagram
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be involved in these initiatives to reduce the “diversity tax”
experienced by our racial and ethnically minoritized faculty.
Although our program was maintained with minimal funding
and no compensation for mentors, we hope that Neurology
Departments will increasingly recognize the importance and
create funding opportunities for mentors involved in this
work.

During the first 3 years of the program, all undergraduate
students were recruited directly from the University of
Rochester. As such, those students had already experienced
some degree of privilege relative to other members of the
same racial and ethnic group. We felt it was important to
consider the relative privilege that some racial and ethnically
minoritized individuals may have over others and thus took

Table 4 Program Evaluation Data Collected From PreDoc Participants Over 4 Academic Years

Survey question 2018–2020
(N = 14)

2020–2022
(N = 21)

Total
(N = 35)

Score, mean (median, range)

Overall quality of the PreDoc programa 4.5 (5, 2) 4.8 (5, 1) 4.7 (5, 2)

Helpfulness of senior mentor as a resourceb 4.6 (5, 2) 4.7 (5, 2) 4.6 (5, 2)

Helpfulness of junior mentor as a resourceb 3.8 (4, 4) 4.2 (5, 4) 4.1 (4, 4)

Helpfulness and interest level of shadowing experienceb 4.7 (5, 1) 4.6 (5, 2) 4.7 (5, 2)

Ease around navigating the shadowing experiencec 4.4 (5, 4) 4.5 (5, 3) 4.5 (5, 4)

Helpfulness of the large group sessionsb 4.8 (5, 1) 4.7 (5, 2) 4.7 (5, 2)

% Students replying “yes”

Students were able to shadow 2 or more times over the academic year 57 71 66

Students reporting receiving additional benefits from the program
(besides the stated core components)

64 57 60

a Scored from 1 to 5, with highest score indicating excellent and lowest score indicating poor.
b Scored from 1 to 5, with highest score indicating very helpful and lowest score indicating not at all helpful.
c Scored from 1 to 5, with highest score indicating very easy and lowest score indicating difficult.

Table 5 Student Narrative Evaluation Responses Reflecting on Their Experience With the Program

Strength Narrative responses

Support from physicians “Just knowing that we have extra support and people that encourage us is really helpful. I have no doctors in my
family and sometimes I get lost because I don’t knowwhat step to take or just have someone towatch overmy step to
make sure I’m taking advantage of any opportunities I can. That is a big one for me.”
“[My mentor] helped me with more of my mental awareness issues. This is something people wouldn’t expect to
come out from the program. However, the college journey has been pretty difficult for me so it was nice and helpful
to have someone who has been through it really believe in me.”

Normalization of physicians “…mentors were a constant part of our lives so the shadowing didn’t stopwhenwe left the clinic or Zoom. For [me] or
anyone who does not have any physicians in their families, doctors seem kind of foreign, they’re just people you see
once in a while. For me it was really cool to kind of normalize physicians, learn about their experiences and see who
they are when they’re not clocked in.”

Exposure to clinical medicine “I found the overall exposure tomedicine extremely helpful. I’ve been able tomakemore connections (speakers, my
mentor, the other medical students) and gain so much information about different specialties, applying to med
school, etc. It’s made the whole pre-med experience seem less daunting.”

Connection with resources and
opportunities

“Mymentor will be writing a letter of recommendation to supplement mymedical school application. Also, she and I
received funding through the AAN to attend their conference and present our work there.”

Areas for improvements

Importance of near peer
mentoring

“If possible,maybe try to find juniormentors that are in their first or second year.Minewas great but shewas a fourth
year so it was a bit harder to relate to her and shewas very busy doing her rotations. She also had forgotten a little bit
about the med school application process… Also, I would say to try to get the mentees to get to know each other
better…”

Increase exposure to practical
skills

“I feel we could domore application-based things, maybe like mock interviews, personal statement help, and how to
effectively narrow down a list of medical schools.”

Abbreviation: AAN = American Academy of Neurology.
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into account during student selection, factors that could in-
dicate less access to role-models within medicine, to medical
experiences, and to high quality prior education. However, we
needed to balance those considerations with admitting stu-
dents who were likely to succeed in the program. After the
first 3 years, we attempted to further address this by opening
up the program to other area colleges.

We have discovered some areas for improvement and have
worked through yearly improvement plans. After the first
year, it became apparent the program was better equipped for
undergraduate rather than high school students, so during all
subsequent years, we recruited only undergraduate students.
In our experience with the few high school students admitted
into the program, it was more difficult for them to attend the
large group meetings during the school year (perhaps due to
transportation challenges and/or high school–related activi-
ties). They also tended to be less communicative with their
mentors. In addition, our institution requires that students be
16 years or older for shadowing. This created a small window
for students who were old enough to shadow, but young
enough to spend 2 years in the program before graduating
high school. The 2 students who completed 1 year of the
program were both reasonably engaged but were in 12th
grade and left for college before the second year.

Helpfulness of junior mentors was one of the lowest scored
aspects of the program. Initial student evaluation data
revealed that some students had difficulty connecting with
their junior mentor or wanted to meet with their junior
mentor more often and desired more information about the
medical school application process. We found that students in
the program were often hesitant to reach out to their junior
mentors, which put the onus of the relationship on the
mentor. One student felt the junior mentors should be early in
their medical education, so they would have experienced the
medical school application process most recently. It is possi-
ble that some of the junior mentors did not view their role as a
priority and, as a result, failed to meet the expectations out-
lined by the program.21 To address these concerns, we
established the leadership role of Student Director (Table 3),
an individual who helps organize and track the junior mentor
activities. We also created a checklist for the junior mentors to
help them stay on track with the expected activities.

The percentage of students who were able to shadow 2 or
more times during the academic year was lowest during the
2019–2020 academic year likely due to the COVID-19 pan-
demic. The early pandemic contributed to our students only
shadowing a median of 1.5 times per year in our pilot, despite
our goal of 2–3 experiences per year. For the safety of learners
and patients, most hospitals limited observational learning
opportunities.22 However, despite the pandemic persisting
into the 2020–2021 year, the percentage of students who were
able to shadow at least twice in that academic year increased,
as opportunities to virtually shadow increased, without de-
creasing the helpfulness of the shadowing experiences. We

found that virtual shadowing worked quite well in exposing
students to health care in action. It was particularly useful to
allow for brief intervals between patients where the student
and preceptor stay on video to debrief the previous patient
and introduce the next patient. It was also useful to prompt
the students beforehand on items such as proper dress, pro-
fessional background, and an understanding of how the clinic
would run. The main challenge to virtual formatting involved
the large group meetings, which were all held virtually during
the 2020–2021 academic year. It was harder to engage stu-
dents on video, and much more challenging to create a sense
of community and connection among the students.

Throughout the program, we provide students with exposure
to individuals with concordant racial/ethnic identities
through various means, such as speakers at large group
meetings and junior mentors. Moving forward, we hope to
increase the number of senior mentors who themselves
identify as minoritized because students benefit from having
role models in medicine within whom they can see them-
selves.23 Yet, we will continue engaging faculty who do not
identify as minoritized so as to reduce the “diversity tax”
experienced by our racial and ethnically minoritized faculty.
Overall, we feel that it is important to engage all groups in this
work. However, it is important to have robust mentor training
strategies to ensure that all individuals are competent to
mentor this population of students.

There were some identified limitations to our evaluation of
the program. We were not able to receive evaluations or ac-
tivity tracker data from all program participants, so we needed
to extrapolate the data for the whole group. It is possible that
the experiences of the students who completed and returned
their activity trackers were different from those who did not. A
long-term goal is to assess outcomes of the program by
tracking student career trajectory and the percentage of stu-
dents who matriculate into a school for healthcare providers.
However, we will not be able to adequately assess those data
until more students have completed their undergraduate ed-
ucation and any gap years.

A recent publication elucidated the importance of “creating
systematic ways to facilitate interaction with neurologists
through both communication opportunities and mentoring
relationships… especially for those who identify as un-
derrepresented minorities to strengthen the neurology
pipeline and increase diversity.”15 We believe that this
program is a readily reproducible, low expense, and effective
way of doing just that. The overall reception of the program
by students and mentors has been overwhelmingly positive,
and the program has been found to be sustainable with
minimal support after 4 academic years. As the program is
clinically oriented and runs during the academic year, it
serves as an effective compliment to the many excellent
summer research opportunities. We will work to track
graduates of the program to understand its effectiveness.
Ultimately, we hope our program serves as a template for
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other Neurology Departments to create pipeline programs
that require minimal support and help engage faculty in
diversity initiatives and professional development. Ulti-
mately, we hope the program will inspire more students who
identify from a racial or ethnic background historically
marginalized in Neurology to succeed in medicine, spe-
cialize in neurology, and increase representation within the
field to the benefit of our patients, our trainees, and
ourselves.
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Abstract
Background and Objectives
It is predicted that the current shortfall of neurologists will continue to grow beyond current
training rates. It is well documented that medical students often possess stigmatizing beliefs
toward neuroscience-based careers. Preclerkship medical education is where many medical
students lay the foundation for specialty interests, and at some medical schools, it may be their
only direct exposure to neurology. Providing preclerkship students with exp osure to the unique
aspects of clinical neuroscience such as procedures is a possible avenue for increasing student
interest.

Methods and Curriculum Description
We sought to assess the influence of a procedure workshop on student specialty interest. We
organized a hands-on procedure workshop for preclerkship medical students to learn exami-
nation skills and procedures used by adult/pediatric neurologists, neurosurgeons, and psy-
chiatrists. Twelve different stations were run by faculty, trainees, and technicians. Attendance
was optional, and students were free to move between stations according to their time and
interests. Most stations involved some brief education and time for students to practice or take
part in the procedure. Attendees completed an exit survey on their retrospective interest in the
relevant specialties before attending the workshop, prospective interest after attending the
workshop, and the helpfulness of each station in understanding the procedure. Statistical
analyses were performed on the survey responses to determine change in specialty interest
resulting from the workshop.

Results and Assessment Data
A total of 111 students attended the workshop, and 104 (94%) filled out the postsurvey. Most
were from the second-year medical student class. Approximately 41% of the second-year class
attended. There was an increase in student interest (d = 0.6346) in the clinical neurosciences by
the Fisher exact test (p < 0.0001). Thirty-three attendees (32%) reported an increased interest
in the specialties. Of the students who reported having no prior interest in the clinical neu-
roscience specialties, 82% (18/22) had an increased interest as a result of the workshop.

Discussion and Lessons Learned
A hands-on procedure workshop improved medical student interest in the clinical neurosci-
ences. Although its effect on future specialty choice is unclear, preclerkship experiences such as
a procedure workshop may be a useful addition to medical school curricula to foster interest in
neurology and the clinical neurosciences.
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Neurology and psychiatry in the United States are experi-
encing a shortage of physicians, leading to long wait times and
poor access to care. It is predicted that this shortage will
continue to grow as the burden of neurologic disease rises
with the aging population,1 and the number of providers being
trained in these specialties continues to stagnate.2,3 Pro-
moting medical student interest in these specialties is an im-
portant way to combat this growing shortage.

It is well documented that many medical students possess
stigmatizing beliefs toward neuroscience-based careers. The 2
most well documented are as follows: (1) the belief that
neuroscience is intimidating or complex, previously coined
neurophobia,4-6 and (2) the belief that specialties like neu-
rology diagnose disease but cannot treat it (diagnose and
adios).7 These beliefs are often cited by physicians who chose
specialties other than the neurosciences as reasons for their
decision. Preclerkship education is where many medical stu-
dents begin laying the foundation for interest in specialty
choices, and at some medical schools, it may be their only
direct exposure to the neuroscience. Physicians in the neu-
rosciences often cite the quality of their preclerkship neuro-
science curriculum and their interactions with neuroscience
faculty as highly influential in their choice of specialty.4,8-12

Procedure-based specialties such as surgery have demonstrated
the utility of hands-on workshops in increasing medical student
interest in the specialty and confidence in performing tasks
previously thought to be intimidating (e.g., suturing and
laparoscopy).13,14 Medical students also demonstrated in-
creased confidence in lumbar puncture after a brief hands-on
training session.15 It has been suggested that similar hands-on
opportunities in the neurosciences may promote interest in the
neuroscience specialties,9 perhaps by reducing stigma, in-
creasing student confidence in related procedures, and pro-
viding opportunities to interact with diverse faculty. However,
there is currently little evidence to show whether hands-on
neuroscience workshops actually affect medical student spe-
cialty interest and eventual career choice. The purpose of this
study is to assess the influence of a hands-on neuroscience
workshop on student interest in these specialties.

Methods and Curriculum Description
The University of Texas Southwestern Student Interest
Group in Neurology (SIGN), in collaboration with the stu-
dent interest groups for Neurosurgery and Psychiatry, orga-
nized a hands-on multimodal procedure workshop for
preclerkship medical students to learn examination skills and
procedures used by adult and pediatric neurologists, neuro-
surgeons, and psychiatrists. The planning began in

midsummer, and the event was scheduled in October during
the preclerkship neurosciences course with oversight from the
neurosciences course directors and the office of medical ed-
ucation. Attendance was optional. The workshop was situated
in the medical student’s team-based learning center, next to
another required class activity for convenience and to en-
courage attendance. Invitations to the event were sent to the
medical student class by email, and verbal invitations were
also made by the neuroscience course directors at morning
lectures and at the nearby required class activity. There were
12 different stations (Table 1) run by faculty, residents, fel-
lows, technicians, and industry representatives. Ten stations
were dedicated to the field of neurology.

These 10 stations were chosen to illuminate the variety of
neurology subspecialties that are procedure heavy as well as
common procedures and skill sets used by a general neurology
physician (e.g., physical examination, lumbar puncture, EEG,
EMG/nerve conduction studies, botulinum toxin for headache
and dystonia, and pupillometry). Imaging was not included in
the workshop due to the time and resources it would take to
teach this skill set. The organizers reached out to faculty,
trainees, and procedure managers from the following neurol-
ogy subspecialties to participate in the workshop: epilepsy,
movement disorders, neuromuscular, headache, pediatric
neurology, general neurology, and neurocritical care. Because
of time constraints in planning an extensive workshop and
limitations in some subspecialties to showcase a procedure, the
organizers did not send invitations to stroke, neuro-oncology,
autonomic neurology, sleepmedicine, and cognitive neurology.
The number of booth participants, the size of the booth, and
the scope of the procedures were determined by booth leaders.

Eight of these neurology-specific booths were hands-on
booths, which included lumbar puncture with training mod-
els, pupillometry, EMG/nerve conduction study, headache
and dystonia muscle injection with training models, neuro-
modulation headache devices, and the adult and pediatric
neurologic examinations. There was also a live deep brain
stimulation demonstration with a patient with Parkinson
disease. The EEG booth compared the paper EEG machine
with the one that is used today. One station was dedicated to
neurosurgery, which demonstrated the neuronavigational
system used for external ventricular drain placement. The
psychiatry booth showcased electroconvulsive therapy
equipment and videos of the procedure. Students were free to
move between stations according to their time and interests.

Workshop Objectives
The overall objectives of the workshop were the following:
understand the diagnoses or neurologic complaints associated
with each procedure, learn the basic techniques to perform

Glossary
SIGN = Student Interest Group in Neurology.
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the procedure or skill, and be able to perform the procedure
after instruction.

Assessment Method
Non-formal subjective assessment of the learners was fulfilled
by the booth leaders through verbal interaction as is typically
done on clerkships and teaching rotations. A formal assessment
was completed with an exit survey to assess the learners’ overall
understanding of the procedure, the influence on their interest
in the relevant specialties before and after attending the
workshop, and satisfaction with each booth attended. In ad-
dition, there were questions gauging how each station helped
the attendees better understand the procedure (eFigure 1,
links.lww.com/NXG/A550). Interest in the clinical neurosci-
ences was assessed using an interest scale (Likert), and interest
preworkshop and postworkshop was dichotomized as re-
sponses of somewhat or very interested. Satisfaction with each
booth was measured by a Likert scale, and helpfulness in un-
derstanding the procedure was defined as responses of slightly
or very helpful. Students completed the survey after attending
all or some of the booths. Qualitative data using written
comments from attendees were also collected. An exit survey
was chosen as the data collection method due to the simplicity
and time required to encourage asmany participants as possible

to complete it. Surveys were administered by SIGN officers to
ensure survey completion and prevent duplicate data.

Standard Protocol Approvals
University institutional review board exemption was obtained
because no identifying informationwas obtainedwith the surveys.

Workshops Resources
The UT Southwestern Department of Neurology provided
support for faculty time (H.D.) and resources to SIGN to
organize the workshop. University faculty, trainees, and others
donated their time and brought the required materials and
instruments from their respective clinical sites where possible.
The university simulation center loaned materials including
neurologic examination instruments and lumbar puncture
training models. Industry representatives from Allergan
loaned the training models for headache and dystonia injec-
tions and ran the dystonia injection booth as volunteers.
There was no financial incentive for their involvement, and no
marketing content was delivered.

Statistical Analysis
Statistical analysis of the survey results was conducted with
SAS version 9.0. Change in student interest before and after

Table 1 Stations at the Neurosciences Procedure Workshop

Procedure by specialty Description Led by

Neurology

LP Direction and practice performing LP on training models Neurophysiology fellow

EMG/NCS Students had brief NCS performed on them and the results explained Neuromuscular fellow and technicians

Pupillometry Practice using device and interpretation of results Neurocritical care fellow

Dystonia muscle
injection

Practice performing injections on arm anatomic muscle models Movement disorders fellow and attending,
Allergan representatives

Headache Botox injection Practice performing injections on head models Headache fellow and attending, Allergan
representatives

Neuromodulation
devices

Demonstration and use of neuromodulation devices used to treat headache Headache fellow

DBS Educational video of DBS implantation and live demonstration with a patient
with Parkinson disease

Movement disorders attending

Adult neurologic
examination

Demonstration and practice of correct neurologic examination techniques Neurology clerkship director

Pediatric neurologic
examination

Demonstration and practice of neurologic examination techniques unique to
pediatric patients

Child neurology resident

Electroencephalography Machine display and education Epilepsy attending and technician

Neurosurgery

EVD Demonstration and practice using the neuronavigation system used to place
EVDs

Neurosurgery attendings

Psychiatry

ECT Machine and educational video Psychiatry attending

Abbreviations: DBS =deepbrain stimulation; ECT = electroconvulsive therapy; EVD=external ventricular drain; LP = lumbar puncture;NCS = nerve conduction
study.
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the workshop was analyzed with a paired profile plot and
Fisher exact test.

Data Availability
Anonymized data that we did not share in this article can be
made available on request from qualified investigators by
contacting the corresponding author.

Results and Assessment Data
Of the 482 preclerkship medical students, 111 attended the
workshop, and 104 filled out the survey (94%). Although all
medical students were invited to the event, most attendees
(94%) were second-year students, and 6% were first-year
students. Approximately 41% of the entire second-year class
attended. Students expressed interest in a range of specialties
(Table 2) and varying degrees of interest in pursuing neu-
rology as a career.

Overall, there was an increase in self-reported interest in
the clinical neurosciences, assessed using the Fisher exact test
(p < 0.0001, Table 3) with an effect size of d = 0.6346
(Figure 1). Postworkshop, 99 of the students (95%) indicated
that they were somewhat interested or very interested. Of this
subset, 33 students (32%) noted an increased interest from
the workshop, including 18 of the 22 students (82%) who had
no prior interest. No change in interest in the neurosciences
was reported by 70 students (67%). Only 1 student reported a
decreased interest from the workshop.

All 12 booths were rated slightly or very helpful by most
attendees who provided feedback for each booth (Table 4).
For any given booth, there were several students who in-
dicated that they did not attend the booth or who did not
provide any response. Many students expressed positive
comments about the workshop (Table 5), including a few
students who expressed that they enjoyed the event, al-
though they do not have interest in pursuing neurology as a
career.

Discussion and Lessons Learned
The neurosciences procedure workshop overall proved suc-
cessful and popular among students who attended. A majority
of students (95%) who attended either maintained or in-
creased an interest in pursuing a career in the clinical neu-
rosciences. For those students who did not have interest in the
clinical neurosciences after attending the workshop, the event
may have helped inform their choice, and even these students
left positive comments about the experience.

Although data about the workshop’s influence on eventual
specialty choice are beyond the scope of this study, various
studies have shown that a high-quality preclinical education in
the neurosciences is a highly influential factor.4,8-12 This may
be particularly true at schools where other exposures to a
given specialty are limited. It may be presumed that the high
attendance and positive feedback from students regarding our
procedure workshop demonstrated a contribution to their
overall preclinical neuroscience experience.

Mentors and quality personal interactions with providers in a
given specialty have been discussed as another influence on
specialty choice.9,16 The open structure of the workshop pro-
vided students facetime with specialty faculty members in a
relaxed setting, and multiple students commented on this fact.

Self-perceived inadequacy with the content of neuroscience is
a commonly recorded trend among students and providers
coined as neurophobia. Some of this may be attributed to the
complexity of the content of neuroscience in preclerkship
education. In practice, however, neurology is often a hands-on
specialty. In other specialties such as surgery, demonstration
and training of procedures increases student and provider
confidence in their abilities and stimulates interest in the
specialty,13,14 and our study provides evidence that this is also
true in the neurosciences. The majority of students in our
study gained new understanding about each procedure, and
students reported excitement about the tools and techniques
used in neurology of which they were previously unaware.

Table 2 Current Specialty of Choice Among Attendees
(n = 95a)

Specialty No. of students

Adult neurology 6

Pediatric neurology 8

Neurosurgery 9

Psychiatry 5

Physical medicine and rehabilitation 2

Other neuroscience career 4

Other medical specialty 61

Total 95a

a Excludes 9 students who left the section blank or filled out the survey
incorrectly.

Table 3 Interest in a Clinical Neurosciences Career
Preworkshop and Postworkshop (n = 104)

Postworkshop interest (no. of
students)

None Some High Total

Preworkshop interest
(no. of students)

None 4 17 1 22

Some 1 39 15 55

High 0 0 27 27

Total 5 (5%) 56 (54%) 43 (41%) 104 (100%)

Fisher exact test

Table probability (P) <0.0001

Pr ≤ P <0.0001
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Limitations to this study include the potential for recall bias due
to the data being obtained as an exit survey and selection bias
where those who chose to attend the workshop may have had
overall higher interest in or openness to the neurosciences than
those who chose not to attend. This is inherent to the event
being an optional student activity, and making the event a re-
quired course activity may have yielded different results. There
was also a selection bias toward the second-year medical student
class, as they were in the preclerkship neuroscience course at the
time and were the ones to whom the event was most advertised.
Student interest in a specialtymay be artificially heightenedwhile
students are taking the respective course block and does not
necessarily translate to being more likely to choose that specialty
for residency. Related to this, another limitation is the lack of
data correlating the workshop with actual residency specialty
choice. This would be difficult to assess due to the multitude of
other factors involved in students’ specialty choices including
personal background, clinical or clerkship experiences, specialty
lifestyle, mentors, perceptions of prestige or competitiveness,
and so on.4,8-11,17,18 However, a survey of students who attended
and eventually matched into the neurosciences could provide
some data on this. In addition, our study lacks a control com-
parator such as a standard clinical or didactic experience in the
neurosciences. This could be a future direction of research to
better compare the utility of a hands-on experience in the neu-
rosciences vs other teaching modalities. There may also be
limited generalizability of the results to medical school sites with

fewer neuroscience resources. Robust departments in the neu-
roscience specialties are not found at all medical schools (e.g.,
surgical epilepsy centers19), which would make it a challenge to
put on such an event. For example, somemedical schools do not
have a required neurology clerkship, perhaps due to smaller
neuroscience departments and clinical programs. However, not
all the booths in our workshop are necessary to put on a similar
event at another site. In addition, our study cannot draw con-
clusions about the reach to students of underrepresented mi-
norities because such demographic data were not collected, but
this would be a valuable future direction of study.

Although the procedure workshop was effective at increasing
student interest in the clinical neurosciences, it is only one of
many ways that schools can do so. The SIGN at our site also
put on various other events during students’ preclerkship
education to increase exposure and opportunities in neurol-
ogy. These included presentations of available research

Figure 1 Change in Interest in the Clinical Neurosciences
Pre- and Postworkshop

Statistically significant change in interest in the clinical neurosciences pre-
and postworkshopwas seenwith a p < 0.0001 (using Fisher exact test). Effect
size was measured as d = 0.6346 indicating that the mean interest in the
clinical neurosciences between the pre- and postworkshop groups was
statistically significant. This is seen in the figure above where the mean
interest (indicated by the large open circle) in the postworkshop group (y-
axis) was significantly higher than the preworkshop group (x-axis).

Table 4 Percentage of Attendees at Each Booth Who
Rated It as Slightly or Very Helpful

Adult neuro examination 100% (25/25)

EMG 100% (43/43)

Botox and neuromodulation devices 98% (51/52)

Pediatric neuro examination 96% (26/27)

Deep brain stimulation 95% (35/37)

Dystonia muscle injection 94% (32/34)

Lumbar puncture 94% (45/49)

Electroconvulsive therapy 91% (31/34)

Pupillometry 90% (27/30)

External ventricular drain 88% (32/36)

Electroencephalography 80% (33/41)

Table 5 Student Feedback in the Comments Section
(n = 69/104)

Type of feedback
No. of
students

No written feedback 35

Expressed learning or experiencing something new at
the workshop

22

Expressed that the event or a specific activity was
interesting or fun

21

Expressed other positive comments about the event 17

Expressed neutral comments 9

Expressed positive comments about the clinical
neurosciences

7

Expressed thanks 6
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opportunities and contacts in the department, subspecialty job
talks, case presentations intersecting neurology with the other
organ-system preclinical courses (e.g., presentation of a CNS
lymphoma case during the hematology course), and meet-and-
greets with students, residents, and fellows. Other medical
schools and student interest groups may consider planning
similar activities to spread excitement for neuroscience.

A single hands-on procedure workshop improved medical
student interest in the clinical neurosciences. Although its
direct effect on specialty choice is beyond the scope of this
study, preclerkship experiences such as a procedure workshop
could be a useful addition to medical school curricula to foster
interest in neurology and the clinical neurosciences.
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