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Abstract

As students do not qualify as essential health care workers, medical education faced severe disruptions during the COVID-19
pandemic including initial suspension of all in-person lectures and on-site rotations. Our Pathology Department was among the
first at Northwestern to offer a completely virtual rotation with the goals of: (1) providing a comprehensive introduction to the
practice of anatomic and clinical pathology, (2) emphasizing uninterrupted and continued excellence in education, and (3) mini-
mizing exposure risk during the pandemic. The innovative 2-week curriculum incorporated diverse teaching modalities including
live and recorded lectures; live and recorded video demonstrations; interactive small group discussions; interactive virtual
sign-outs; and written and multimedia assignments, quizzes, and projects. The virtual elective ran from March to July 2020
with 52 total participating medical students. On post-rotation evaluations, students rated the pathology virtual elective
4.7/5.0 compared to other virtual rotations and 4.0/5.0 compared to all rotations (including in-person and virtual). Furthermore,
continual improvements were made to the established framework based on rotation feedback such that curriculum content was
more abundant and more favorably rated by the last cohort when compared to the first. Finally, although students identified
interest in over |0 different medical specialties, all participants expressed increased interest in choosing pathology as a specialty
and better understanding of pathology’s role in patient care. We hope our detailed description of creating and evaluating a
completely virtual elective rotation serves as a model for other departments to improve pathology education and visibility.
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Introduction

The COVID-19 pandemic has posed the greatest challenge to
the public health infrastructure in the United States in over a
century. Health policy strategies aimed at managing the
pandemic have focused on minimizing exposure risk. Many
academic medical centers have limited the numbers of nones-
sential health care workers in clinical care spaces, and the
long-term impact of such efforts on trainee education remains
unknown. Specifically for medical students, the transition to
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Illinois Stay at Home Order

Virtual Clinical Experiences

March 13: Covid-19 Declared a National Emergency

March 30: Block 1 Begins

March 11: NU announces virtual coursework excluding clinical training

March 17: Pursuant to AAMC Guidance, NUFSOM suspends all in-person clinical training
March 21: lllinois Stay At Home Order goes into effect

June 3: In-person clinical training resumes

March> April > May > June> July >

Block 1
11 students
2 cohorts BIOCk 2
44 teachers
8 students Block 3
2 cohorts
9 students Mnd-
2 cohorts -

15 students
1 cohort

5 students
1 cohort

4 students
1 cohort
66 teachers

Figure |. Timeline of Virtual Pathology Elective at Northwestern University Feinberg School of Medicine (NUFSOM). Each block of the virtual
elective consisted of 2 weeks of content, | each dedicated to AP and CP. A total of 52 medical students participated in the elective from March
to July 2020. No students participated in the virtual elective from April 27 to May 8 (between blocks 2 and 3) due to a mandatory break placed on
all virtual rotations by NUFSOM. Students progressed as | single cohort or divided into 2 cohorts that alternated AP and CP weeks. Total
teachers include attending and resident physicians, clinical fellows, medical students, and administrative staff contributing to the elective. During
June 2020, students had the option of returning to in-person clinical clerkships or continuing virtual learning opportunities. AAMC indicates
American Association of Medical Colleges; AP, anatomic pathology; CP, clinical pathology; NU, Northwestern University.

long-distance learning followed abrupt cessation of all
in-person lectures and on-site clerkships early in the course
of the pandemic.

At the Northwestern University Feinberg School of Medi-
cine (NUFSOM), the administration responded rapidly to the
advice of the Association of American Medical Colleges to
remove medical students from clinical settings on March 17,
2020." The need for online opportunities for training was fur-
ther emphasized several days later when the state of Illinois
issued a Stay at Home order on March 21, 2020. In contrast to
resident trainees, most medical students are not deemed essen-
tial health care workers,>* and for approximately 3 months, all
students at any level of training were removed from direct,
on-site patient care. Third- and fourth-year medical students
engaged in entirely virtual clinical experiences from March
17, 2020, to June 3, 2020 (Figure 1).

Creating a permanent online curriculum typically requires a
substantial investment in time, planning, coordination, and the
use of new technologies and resources, some unique to remote
teaching. These commitments were not feasible for NUFSOM
during its early emergency response to the pandemic, particu-
larly to accommodate each clinical rotation. In order to provide
continued education in compliance with government guide-
lines, many individual departments mobilized to generate
online content for virtual learning.

The Pathology Department at NUFSOM adapted an emer-
gency remote teaching (ERT) model in the design of our online
curriculum and was among the first departments within the
institution to offer a completely virtual elective rotation. While
online education offers many opportunities for improved learn-
ing and flexibility,*” the suddenness of the transition necessi-
tated an adaptable curriculum that could produce reliable
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outcomes under times of duress, thereby highlighting the
distinction between ERT and traditional online learning.® In
the much-shortened time frame for content creation, our goal
was to create a general framework that allowed for iterative
improvements based on participant feedback while still incor-
porating familiar elements of traditional online and in-person
learning curricula. We provided active online instruction with a
high instructor—student ratio and varying formats for active
engagement between learners and instructors. Active instruc-
tional opportunities were supported by volunteers from within
our Pathology Department.

Emergency remote teaching differs from traditional online
learning in that it is designed as a temporary measure to address
an abrupt disruption in traditional learning.* Therefore, our
approach did not intend to upend traditional models of under-
graduate medical education as some propose,”'° but rather to
maintain the pipeline of physicians by providing quality edu-
cation and continued access to resident and physician mentors
during the ongoing COVID-19 pandemic.

Materials and Methods

Curriculum Design and Course Objectives

The curriculum was developed under the leadership of 2
attendings, 2 residents, 2 medical students, and the pathology
residency program coordinator. With social distancing restric-
tions, our vision was to model the schedule on how a medical
student might spend their time during an in-person pathology
rotation. The primary objective was to provide medical
students (MS3 and MS4) a comprehensive introduction to the
practice of anatomic pathology (AP) and clinical pathology
(CP), emphasizing uninterrupted and continued excellence in
education, while keeping in compliance with minimizing expo-
sure risk during a public health crisis. By completing the Virtual
Pathology Elective, medical students were expected to fulfill the
following specific course objectives: (1) describe the scope of
practice and daily work flow of resident and attending patholo-
gists; (2) demonstrate how knowledge gained during previous
medical school courses applies to daily pathology practice;
(3) bridge the gap between pathology and patient-facing special-
ties and emphasize mutually beneficial best practices;
(4) describe the basic tools, skills, and practice of autopsy,
surgical pathology, and cytopathology; and (5) describe the
basic tools, skills, and practice within transfusion medicine,
hemostasis and coagulation, chemistry, hematopathology,
microbiology, and diagnostic molecular biology.

Medical students were expected to dedicate between 15
and 25 hours per week to rotation-specific activities including
all self-study, live sessions, and assignments. With the excep-
tion of live interactions with pathology attendings and resi-
dents, the curriculum was designed to be independently
navigable with the majority of content available in an asyn-
chronous format.

Content Creation and Delivery Platform

The Virtual Pathology Elective curriculum was hosted in Box
(Box Tools, Version 4.13.0), a secure cloud-based file-sharing
and collaboration environment. All faculty, staff, and students
could be given free access with their Northwestern institutional
account. Individual folders for each rotation day contained the
majority of learning materials and assignments. Textbook read-
ing assignments were available online via the Galter Health
Sciences Library and Learning Center. A number of freely avail-
able, case-based online modules and resources were assigned to
supplement both the AP and CP curricula. These modules were
provided courtesy of the Pathology Education Instructional
Resource from the University of Alabama at Birmingham,"!
Cytopathology Unknowns Conference from Johns Hopkins Uni-
versity,'> Emory Pathology e-learning Portal from Emory Uni-
versity,'* and the American College of Radiology."

Software used for communication and materials creation
included Acrobat (Adobe, Version 20.013.20064), PowerPoint
(Microsoft Office Professional Plus 2019/2016 Products, Ver-
sion 16.43), Word (Microsoft Office Professional Plus 2019/
2016 Products, Version 16.41), and Outlook (Microsoft Office
Professional Plus 2019/2016 Products, Version 16.43). Multi-
media demonstrations were recorded on personal cellular
devices and computers and edited with Splice Video Editor
& Maker (Bending Spoons Apps IVS, Version 4.2.5) and
QuickTime (Apple, Inc, Version 10.5). All published curricu-
lum materials were edited for removal of Protected Health
Information and vetted for Health Insurance Portability and
Accountability Act compliance.

Communication Platform

Zoom (Zoom Video Communications, Inc, Version 5.0.2) with
Northwestern institutional access served as the main virtual
platform for live lectures, small group discussions, and group
presentations. Teams (Microsoft, Version 1.00.300362) was
used for live sessions that involved sensitive patient informa-
tion including sign-outs and live-streams of intraoperative
(frozen section) consultations.

Grading and Evaluations

The Virtual Pathology Elective was graded based on a
“Credit”/*No-Credit” system, unchanged from how an
in-person 2-week Pathology Elective was graded prepandemic.
Other virtual electives offered at this time were also graded on
a “Credit”/*“No-Credit” system. At NUFSOM, traditional-track
medical students are allowed two 2-week “Credit”/*“No-Credit”
elective rotations as part of their total 20 required weeks of
elective rotations. NUFSOM placed a limit on the amount of
virtual learning which could be used to satisfy core clerkship
requirements and allowed students to begin multiple clerkships
virtually with the expectation that they would return for
in-person learning once available. A limited number of
fourth-year students were allowed to complete more required
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clerkships under the virtual learning format in order to satisfy
graduation requirements. In addition to participation in virtual
electives such as the Virtual Pathology Elective, third- and
fourth-year students were also able to engage in scholarly
research requirements or take personal flex time.

For the Virtual Pathology Elective, students were evaluated
based on attendance, participation in live sessions, completion
of assignments, and completion of a group presentation.
A 25-question multiple choice quiz to assess students’ under-
standing of important concepts in pathology was administered
pre-rotation; the same quiz was administered post-rotation

After the elective, students were also required to fill out
evaluations for the rotation and for faculty, residents, and other
instructors. The rotation evaluation was hosted and responses
collected on Microsoft Forms.'> The evaluation asked for stu-
dents’ opinions on both overall and specific aspects of the
curriculum and students’ perceptions about pathology.

Statistical Analyses

The data analyses and visualizations were conducted using
Excel (Microsoft Office Professional Plus 2019/2016 Products,
Version 16.43) and the R programming language, specifically
packages: tidyverse, readxl, janitor, lubridate, ggthemes, and
RColorBrewer.'® Calculations included simple summary sta-
tistics (mean, median, range) as well as Student 7 test.

Results

The Virtual Pathology Elective ran for a total of six 2-week
blocks from March 30, 2020, until July 03, 2020, with a break
during the April 17, 2020, to May 08, 2020, block due to a
mandatory break placed on all virtual rotations by NUFSOM.
This long-distance learning option was offered to all medical
students who had completed phase 1a and 1b of the NUFSOM
curriculum. The number of different completely virtual
electives offered varied during this time, with 7 to 10 available
per block. The Virtual Pathology Elective was among the
first-available completely virtual electives along with: Medical
Humanities—Epidemics in US History, Medical Humanities—
Uncertainty in Medicine, Medical Humanities—Medical
Improv & Telemedicine, Medical Students as Educators, Vir-
tual Radiology, and Virtual COVID-19.

A total of 52 medical students completed the entire 2-week
rotation. Rotators were mostly third-year (34/52, 65%) and
fourth-year (17/52, 33%) students, with 1 rare second-year
student (2%) enrolled in block 3. The majority of participants
(35/52, 67%) had enrolled in at least one other virtual elective
prior to their participation in the Virtual Pathology Elective.

The 2-week curriculum allocated equal time to AP and CP
and covered a wide range of topics within autopsy, surgical
pathology, cytopathology, transfusion medicine, hemostasis
and coagulation, microbiology, chemistry, hematopathology,
and diagnostic molecular biology. At the beginning of each
block, all rotators started the course together to receive a brief
introduction to pathology as a field and career, learn how to

navigate Box and the virtual elective materials, and also meet
the Virtual Pathology Elective Team. The students in blocks
1 to 3 were further subdivided into 2 groups, with 1 group
starting on an AP week and the other on a CP week; the 2 groups
then switched for the remaining week in the block. Beginning
in block 4, all students were combined into 1 group and com-
pleted the entire course together. Near the end of each block, all
rotators gathered virtually for final group presentations to share
interesting topics and how they will apply what they have
learned in their future practice. This final meeting also allowed
for in-person rotation feedback from the students and was well
attended by pathology residents, faculty, and department lead-
ership (Figure 2).

A typical day started with virtual attendance at the pathol-
ogy residents’ morning didactics conference, which was
already held over Zoom or Microsoft Teams. Rotators would
then refer to their schedule, confirm their rotation day (eg, CP3,
AP2, .. .etc) and find the corresponding Box folder. This folder
contained all the learning resources a student would need to
independently navigate their curriculum for the day including a
“Start Here” PowerPoint, with audio voice-over, which
described the general learning objectives, an outline of the
learning materials (and how to find them), and descriptions
of assignments and deliverables. Learning materials within the
Box folders were numbered and labeled for easy navigation
(Figure 3).

The provided self-guided learning materials included
recorded PowerPoint lectures, recorded video demonstrations,
assigned textbook readings, and online learning modules/cases.
Most days included at least 1 interactive virtual session includ-
ing additional live lectures, live sign-outs, small group discus-
sions, multidisciplinary tumor boards, and live streams of
intraoperative (frozen section) consultations. Students rein-
forced their learning by completing a variety of assignments
including multiple choice questions, recorded multimedia
(including “grossing” a household item such as a piece of fruit),
short answer questions (both with specific correct answers and
also discussion style), and group presentations. Students
uploaded completed assignments to their individual, desig-
nated Box folders, which also helped to track their progress
throughout the rotation.

The general framework and delivery for the Virtual Pathol-
ogy Elective remained consistent from block 1 through block
6. Based on student feedback in post-rotation evaluations,
continual changes and additions were made to specific curri-
culum materials. Although the majority of rotators in block 1
felt that there was the right amount of material by learning
modality, every category had a number of rotators who either
wanted more or wanted less of a particular course material. In
particular, many students wanted more instances of live lec-
tures and live sign-outs. By block 6, all rotators felt that there
was the right amount in 10 of 14 types of learning modalities
used in the curriculum. In 3 of the 4 categories which did not
achieve unanimous approval from students (residents’ morn-
ing didactics, live lectures, and small group discussion),
increased percentages of rotators thought they were assigned
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MAY 2020 - BLOCK 3
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
11 12 13 14 15
APO Intro + AP1 Autopsy AP2 Surgical Pathology 1 AP3 Surgical Pathology 2 AP4 Surgical Pathology 3 APS5 Cytopathology
8am Welcome to the 8-9am Derm Path Lecture 8-9am Autopsy Lecture 8-9am SP Unknowns 8-9am Derm Path Lecture
Virtual Elective and
Introduction to Pathology 10-11am Gyn Onc
[ 1-2pm Chemistry Cases 11-12 SHM Tumor Board
4pm AP Check-in
4pm AP Check-in 4pm AP Check-in 4pm AP Check-in 4pm AP Check-in
[ 4pmCP Check-in Note: Please be available
[P CPICRERKIR | 9am-gpm via PAGER for frozens [ 4pmCPCheckin
18 19 10 21 22
| Apzsurgical Pathology1 | | AP3 Surgical Pathology 2
CPO intro + CP1 Blood Bank CP2 Coagulation CP3 Chemistry CP4 Hematopathology CP5 Microbiology + Molecular
(including COVID-19)
8-9am CP Questions 8-9am Resident Unknowns 8-9am Autopsy Conference 8-9am Ocular Tumors 8-9 Forensics Lecture
1-2 pm Chemistry Cases 11-12 Peripheral Bloods
3pm CP Check-in
[ 4pmAPCheckin || 4pmAPCheckin _ | 4pmAPCheckin 4-5pm Group Presentations
4Apm CP Check-in 4 pm AP Check-in
GROUP 1
EVERYONE
Note: AP CHECK-IN is at 4pm daily and CP CHECK-IN is at 4pm on Mondays, Tuesdays, and Fridays (unless otherwise indicated/announced)
Please check your emails regularly for any updates, including ZOOM/TEAMS meeting invites and any time adjustments

Figure 2. Sample Virtual Pathology Elective rotation calendar (block 3). The 2-week curriculum covered a wide range of topics in both anatomic
pathology (autopsy, surgical pathology, cytopathology) and clinical pathology (transfusion medicine, hemostasis and coagulation, microbiology,
chemistry, hematopathology, and diagnostic molecular biology). Students in blocks | to 3 were further subdivided into 2 groups, while students

in blocks 4 to 6 completed the rotation as | group.

the appropriate amount by block 6. For one category (multi-
media assignments), a lower proportion of students felt there
was the correct amount by block 6 (Figure 4). Detailed
descriptions of the block 1 and block 6 curriculums and par-
ticipants are included for comparison in the Supplementary
Appendix.

To accommodate the necessary additions to the curriculum
based on student feedback, the Virtual Pathology Elective
recruited increased numbers of Pathology Department mem-
bers to create learning materials or to lead live lectures and
small group discussions (Figure 5).

All students who completed the 2-week curriculum
received “Credit.” Pre- and post-rotation quiz scores did not
officially count toward a grade; however, the average post-
rotation quiz score was significantly higher than the average
pre-rotation quiz score (86.4% vs 69.3%, P value < 2.2e-16;
Figure 6).

Many students were undecided about which specialty to
pursue (14/52, 27%), and the remaining students were inter-
ested in a wide variety of fields encompassing both medicine
and surgery. One student listed pathology as their anticipated
specialty. After completing the Virtual Pathology Elective, stu-
dents were significantly more likely to choose pathology as
their own specialty (9.6% vs 29.3%, P value < 1.7e-07) and
even more likely to recommend pathology to their peers
(23.6% vs 74.1%, P value < 2.2e-16; Figure 7).

After completion of the Virtual Pathology Elective, students
self-reported a significantly improved understanding of what
pathologists do (2.4/5.0 vs 4.5/5.0, P value < 2.2e-17). Rotators
also reported an increased likelihood of considering a pathologist
in their future practice (2.4/5.0 vs 3.8/5.0, P value < 2.3e-17).
Furthermore, students identified a significant increase in their
confidence about what specific and useful questions to ask a
pathologist (2.0/5.0 vs 4.3/5.0, P value < 2.2e-17; Figure 8).
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Figure 3. Navigating the Virtual Pathology Elective curriculum materials in Box. After attending morning conference with the pathology
residents, medical students would refer to the rotation calendar, confirm their rotation day (eg, AP2, CP3,. .. etc) and find the corresponding
Box folder. Each rotation day folder contained everything a student would need to independently navigate the curriculum. The “Start Here”
PowerPoint described the general learning objectives, outlined the learning materials (and how to find them), and described any assignments.
Learning materials within the Box folders were numbered and labeled for easy navigation.

Overall, students rated the Virtual Pathology Elective 4.7/5.0
when compared to all virtual electives they had participated in
(if any) and 4.0/5.0 when compared to all rotations/clerkships
(including in-person) that they had ever participated in.

Discussion

The COVID-19 pandemic poses an unprecedented disruption
to health care and medical education in our lifetime and has
created an urgent need for ERT modalities. Many print and
online pathology resources in the form of cases, videos, tutor-
ials, and readings were already freely accessible even prior to
this public health crisis.'”'® However, our Virtual Pathology
Elective is unique in that our novel curriculum organized exist-
ing content, created new educational materials, and included
consistent interaction with faculty and residents to deliver a
comprehensive rotation experience for all medical students,
regardless of their specific interest in pathology.

The Virtual Pathology Elective was modeled after an
in-person rotation, and this long-distance learning opportunity
proved to be even more effective than a traditional rotation. One
of the greatest benefits was our ability to reach more students
than would be possible with a traditional clerkship. In the last
10 years, our Northwestern Department of Pathology hosted an
average of 18 medical students per year, while the virtual

rotation was able to accommodate more than 50 students in just
3 months. In just 2 weeks, students showed significant improve-
ment in their knowledge of pathology as evidenced by increased
postevaluation quiz scores. Furthermore, students began to
appreciate pathology’s integral role in many aspects of patient
care. With an improved understanding of the breadth of our
specialty in diagnostic and laboratory medicine, virtual rotators
could identify increased opportunities to consult a pathologist in
their future practice. These results suggest that medical students
completing the virtual elective will more effectively integrate
pathologists in a variety of clinical scenarios and provide more
comprehensive patient care.

As students began to appreciate the impact pathologists have
on patient care, they also reported an increased likelihood of
considering pathology as a career. This revelation is especially
timely as novel recruitment techniques are needed to counter the
anticipated shortage of trainees entering pathology residency
programs. Current trends predict that the number of pathologists
retiring will outpace the number of new trainees, resulting in a
net deficit of approximately 5700 pathologists in the United
States by 2030."° Yet in the period from 2010 to 2019, applica-
tions for pathology residency decreased by 40%,%° despite high
reports of job satisfaction among the pathology workforce.*!
Because our Virtual Pathology Elective reached greater numbers
of medical students and effectively highlighted the key role of
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Figure 4. Comparing students’ perceptions of passive (green), live (purple), and assignment (blue) learning modalities. The majority of rotators
in block | already felt that there was the right amount of each type of learning modality, but each category still had a number of rotators who
either wanted more or wanted less of a particular delivery method. Changes and additions were continually made to the Virtual Pathology
Elective curriculum based on students’ feedback. By block 6, all rotators felt that there were the right amounts of 10 of 14 types of learning
modalities. Even in categories which did not achieve unanimous approval from students (residents’ morning didactics, live lectures, and small
group discussion), satisfaction scores showed increased proportions of rotators who thought they were assigned the appropriate amount.
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Block 1

22

19 20

Attending Fellow Resident Student Staff

Number of Participating Live Session Leaders and Materials Contributors

Attending Fellow Resident Student

Block 6

34

Live Session Leader
Materials Contributor

Staff

Figure 5. Increased Pathology Department engagement in the Virtual Elective and medical student education. To accommodate the necessary
additions to the curriculum based on students’ rotation feedback, increased numbers of pathology attendings, fellows, residents, and staff
participated by creating recorded learning materials and leading live lectures and small group discussions. Participants often contributed to both
live sessions and recorded materials across multiple days of the curriculum.

Pre-/Post-Rotation Quiz Scores

100 -

90 -
*

80~

Percent

70~

60 - .

50 -

Pre-Rotation Post-Rotation

Figure 6. Comparing pre- and post-rotation quiz scores. All Virtual
Pathology Elective students took a 25-question multiple choice quiz
before and after the rotation to evaluate their knowledge of important
pathology concepts. The average post-rotation quiz score was signif-
icantly higher than the average pre-rotation quiz score (86.4% vs
69.3%, P value < 2.2e-16).

pathology in a wide variety of patient scenarios, it is easy to see
such a curriculum playing a vital role in student recruitment and
long-term career planning.*?

One of the greatest challenges during this time was evaluat-
ing the effectiveness of the numerous available learning mod-
alities. To navigate this unchartered territory, we relied on the
detailed feedback elicited by the post-rotation evaluation.

Compared to a typical evaluation, this survey asked rather
granular questions about every aspect of the curriculum, and
students rated their perception of each learning modality. Stu-
dents could additionally suggest by free-text the types of mate-
rial they would like to see. One of the most popular aspects of
the virtual rotation, the livestream of intraoperative (frozen
section) consultations, was a direct suggestion from one of the
earliest rotators. This valuable feedback allowed us to fine-tune
our curriculum from block to block to continually deliver the
best educational experience for the medical students.

A gratifying, though perhaps not completely surprising,
finding was that medical students truly preferred live lectures,
live sign-outs, and more direct communication with attendings
and residents. These interactive teaching experiences were
invaluable opportunities for questions and for gaining a deeper
understanding of complex subject matter. Of the passive learn-
ing modalities, presentations created and recorded by Pathol-
ogy Department members were very well received. Residents,
fellows, and attendings showed great enthusiasm for creating
educational content covering a wide variety of topics including:
how to approach a surgical pathology slide, how to approach a
cytopathology slide, thyroid fine-needle aspiration, and normal
histology and pathology of numerous subspecialties (breast
pathology, neuropathology, gastrointestinal pathology, gyne-
cologic pathology, dermatopathology, genitourinary pathol-
ogy). These home-grown lectures were more specifically
geared to the medical students’ needs and allowed rotators to
learn at their own pace while giving many pathology trainees
and attendings the opportunity to get involved in medical
student education. Creation of recorded lectures did require
significant initial investment, but completed materials were
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Figure 7. Medical students’ anticipated specialties and likelihood of choosing/recommending pathology. A, Many students were undecided
about which specialty to pursue (14/52, 27%), and the remaining students were interested in a wide variety of fields encompassing both medicine
and surgery. One student listed pathology as their anticipated specialty. B, After completing the Virtual Pathology Elective, students were
significantly more likely to choose pathology as their own specialty (9.6% vs 29.3%, P value < 1.7e-07) and (C) even more likely to recommend

pathology to their peers (23.6% vs 74.1%, P value < 2.2e-16).

easily reused and recycled, even for junior resident education.
These department-made resources proved a sustainable option,
optimizing education while minimizing overall time commit-
ment and scheduling considerations for faculty and residents.

Areas for improvement we identified included the need for a
more robust CP curriculum. During this initial 3-month run,
there was more engagement by both attendings and residents to
create AP-specific material. Possible reasons for this include
resident preference and comfort teaching topics within AP in
addition to the increased burden of clinical duties for patholo-
gists overseeing the clinical laboratories during the pandemic.
Increased engagement on the CP side, with continued enthusi-
asm on the AP side, would allow for future curated “tracks” for
students interested in particular specialties. For example, a
medical student who intends to specialize in obstetrics and

gynecology could participate in a targeted pathology elective
focusing on topics in perinatal autopsy, gynecologic histology
and pathology, and PAP smear cytology during their AP week
while focusing on laboratory assays for prenatal care, hemoly-
tic disease of the fetus and newborn, fetal hemoglobin analysis,
molecular testing for molar pregnancies, and cytogenetic
screening during their CP week.

In conclusion, we hope our ERT experience and findings
can serve as a framework for other institutions considering a
remote learning option. The Virtual Pathology Elective earned
high ratings from students, who showed increased knowledge
of pathology, better understanding of its role in patient care,
and greater interest in pursuing pathology as a career. Although
this curriculum was created to address an emergent situation
during a public health crisis, many aspects of our framework
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Figure 8. Improved understanding of pathology and how to best consult a pathologist. A, After completion of the Virtual Pathology Elective,
students self-reported a significantly improved understanding of what pathologists do (2.4/5.0 vs 4.5/5.0, P value < 2.2e-17). B, Rotators also
reported an increased likelihood of consulting a pathologist in their future practice (2.4/5.0 vs 3.8/5.0, P value < 2.3e-17). C, Furthermore,
students identified a significant increase in their confidence about what specific and useful questions to ask a pathologist (2.0/5.0 vs 4.3/5.0,

P value < 2.2e-17). *Specific question with actionable sequelae.

and approach could be sustained beyond this critical period to
provide increasing numbers of medical students with excellent
pathology education and a foundation for better patient care.
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