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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has had a major impact on education at all age levels, including professional
schools and health professions programs. We describe the experience of adapting preclinical medical school courses within an
integrated curriculum to virtual instruction. A major feature of two of the courses were pathology small groups adapted from
pathology courses in the previous medical school curriculum. These small groups were designed to use facilitated groups of 8 to
10 students. With a sudden change to virtual learning, these small groups were shifted to large group virtual sessions. In general,
the conversion went well, with ongoing optimization of the format of the large group sessions mainly occurring over the first
several sessions. End-of-course student evaluations were generally positive, but with a preference toward returning to live
sessions in the future. Scores on 5 multiple choice examinations in the spring 2020 course were essentially identical in mean,
standard deviation, and distribution to examinations in the previous 2 years of the course that had similar layout and topic
organization. We discuss the challenges and successes of the switch to virtual instruction and of teaching pathology content within
an integrated medical school curriculum.
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role-modeling, and networking among students and faculty.
For students, social isolation, financial stress (eg, loss or partial
loss of employment by student and/or partner), and impacts on
childcare or schooling (for students who are parents) are addi-
tional downstream consequences.>'>"'® Faculty and other

Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was
officially classified by the World Health Organization as a
pandemic on March 11, 2020."* The pandemic has had major
impact throughout society, including education throughout all
levels.>™ In conjunction with government actions and recom-
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mendations, schools have had to make difficult decisions on
whether to continue with in-person classes, adopt hybrid mod-
els, or switch completely to virtual teaching. Medical schools
and health professions programs faced the difficult task of
teaching hands-on skills (including physical examination and
interviewing of patients) through virtual or partly virtual mod-
els.®'* The switch to virtual education impacts interaction,
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Table 1. Comparison of Previous and Current Curriculum.

Curriculum content Previous curriculum through 2014*

Integrated curriculum (2015-)*

24 months

Medical Pathology | and Il (M2 year)

Preclinical courses
Main Pathology Content

Exposure to Pathology
Laboratories

Student selectives (2 hours)

Forensic/autopsy content  Participation in autopsy on request

Lecture

Pathology small groups
(2 hours/session x 23 sessions)

Throughout both semesters of Medical Pathology

18 months
MOHD I, Ill, IV (M1/M2 years)

Tour of core clinical laboratories (45 minutes)

Participation in autopsy on request
Lecture, 2 hours interactive session

In the MOHD II-IV courses (1.5 hours/session
x |5 sessions)

Abbreviations: M, first year of medical school; M2, second year of medical school; MOHD, Mechanisms of Health and Disease.
* The new curriculum impacting pathology content began with spring semester of 2015 for M| students.

instructors may struggle with technology used for virtual tech-
nology, especially if they have little or no prior experience with
virtual instruction.”-**2?

The sudden disruptions to education caused by the
COVID-19 pandemic have forced educators throughout the
world to come up with creative virtual solutions for curriculum
delivery.>” In this report, we describe pathology content and
delivery in preclinical medical school courses at a public aca-
demic medical center that combines medical and physician
assistant students in the first 18 months of training. In 2014,
our medical school switched from a 24 month subject-based
course structure that included a dedicated 2-semester Medical
Pathology course to an 18 month integrated curriculum with
centrally managed multidisciplinary courses. This change in
curriculum follows a broader trend seen within United States
allopathic medical schools in the last decade toward integrated
curricula.”®2> A major component of the pathophysiology and
histopathology education in the preclinical curriculum is deliv-
ered via pathology case analysis small groups which are facili-
tated by pathology faculty and residents. We discuss changes
and lessons learned for pathology education in the switch to an
integrated curriculum in 2014 and then the adaptations in 2020
for virtual teaching.

Methods

Background on Curriculum

The University of lowa Carver College of Medicine (CCOM) is
currently the only allopathic medical school in the state of
Towa.”?” The medical school class size is typically around
150 students. A unique aspect within the CCOM is that medical
student and physician assistant students are merged for the
preclinical courses. There are typically about 25 physician
assistant students admitted per year.”® Carver College of
Medicine implemented an integrated medical school curricu-
lum starting in autumn of 2013, with the class entering in 2014
completely engaged with the new curriculum.**?° The theore-
tical foundation for the current curriculum is described in a
separate publication.>® The preclinical curriculum switched

from 24 months of courses managed primarily by departments
(eg, separate courses for biochemistry, medical genetics, med-
ical pharmacology, medical pathology, etc) to 18 months of a
centrally managed curriculum comprised primarily of 3 inte-
grated course series: Mechanisms of Health and Disease
(MOHD), Clinical and Professional Skills, and Medicine and
Society. In the preclinical curriculum, the MOHD courses are
graded on an Honors/Near Honors/Pass/Fail system. The
remaining courses are graded on a binary Pass/Fail system.
Table 1 summarizes some differences between the previous
and current curriculum.

The MOHD series comprises much of the normal physiol-
ogy, disease mechanisms, pathophysiology, and histopathology
content of the preclinical curriculum.?®**>° In the previous
curriculum, the pathology-specific content was contained
within 2 semester-long Medical Pathology courses in the M2
year. In the new curriculum, most of the pathology content was
integrated into the 10-week MOHD III (end of M1 year) and
10-week MOHD IV (beginning of M2 year) courses. Two of
the coauthors of the present report (MDK, TJS) have been
codirectors of the MOHD III course since it was established
in spring 2015. Another of the coauthors (LAB) has the primary
role in the oversight, content, and organization of pathology
small groups within the MOHD II, MOHD III, and MOHD IV
courses.

All CCOM medical school courses have a “Liaison
Committee” comprised of 6 students (typically 5 medical stu-
dents and 1 physician assistant student). This group is in con-
tact with the course directors and serves as the main conduit for
information to the rest of the class. The Liaison Committee can
bring forward any concerns or suggestions from the students
(students can also contact course directors directly, if pre-
ferred). After completion of the course, the Liaison Committee
prepares a report that summarizes student evaluations of the
course and identifies strengths along with areas that might need
improvement. These reports are formally presented at a
meeting that includes curriculum administrators, student rep-
resentatives, and all other preclinical course directors. These
meetings occur about 3 to 6 months after the end of courses.
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At these meetings, the course directors are given the opportu-
nity to respond to areas of concerns raised by the student com-
mittee and also to outline plans for modifying the course in
future years.

Mechanisms of Health and Disease Il Course

The MOHD III course covers disease mechanisms and phar-
macology for a number of organ systems: fetal and reproduc-
tive, endocrine, cardiac, pulmonary, gastrointestinal/liver,
hematologic, renal, and head/neck. The course also contains
introduction to the principles of laboratory medicine, anatomic
pathology, and imaging. The main course content is delivered
by lecture and pathology small groups. As with other preclini-
cal courses, all lectures are recorded, with the exception of
some content for which video is not recorded due to sensitive
images (death scene investigations). A limited number of lec-
tures are prerecorded if the faculty member cannot be available
at the preferred time in the schedule. In the event of unexpected
unavailability, recorded lectures from a previous year have
been used. There are a total of 5 multiple choice examinations
in the 10-week course. Organ systems and concepts not
included within the MOHD III course are found in the MOHD
IV course, which focuses on immunologic, neurologic, psy-
chiatric, infectious disease, musculoskeletal, and dermatologic
disorders.

Mechanisms of Health and Disease Pathology Small
Groups

The pathology small group content from the Medical Pathology
courses in the previous curriculum was adapted and revised for
the MOHD courses. The 20 groups are comprised of 8 to 10
students and 1 or 2 pathology facilitators. Physician assistant
students are intermixed with the medical students, with 1 or 2
physician assistant students in each small group. In the previ-
ous curriculum, each small group session was 2 hours in length
with 23 total sessions (46 total student contact hours). The
small group sessions were shortened to 1.5 hours in the MOHD
courses with 15 total sessions (22.5 total student contact hours)
and an additional 45 minutes for each student for the clinical
laboratory tour. There are 2 small group sessions in the MOHD
II course (covering basic concepts such as cell death, inflam-
mation, and repair), 8 in the MOHD III course (along with the
clinical laboratory tours), and 5 in the MOHD IV course.
MOHD II and III maintain the same small groups and facil-
itators, since both courses occur within a single semester.
Mechanisms of Health and Disease IV uses a different set of
small groups and facilitators.

There are 3 basic formats for pathology small group content.
The first format, “Case Analysis,” utilizes internally developed
software to present interactive cases via a web-based portal.
Each case generally is comprised of a clinical history, imaging,
gross pathology images, and a virtual slide. A case unfolds in
an iterative fashion and students work through each case by
answering questions in pop-up text boxes as they move through

the case. Students are expected to completely work through
every case each week and be prepared to discuss any aspects
of the case when the group meets. Many of these cases also
contain a mechanistic diagramming exercise in which the stu-
dents are asked to arrange a logical sequence of risk factors,
inciting events, clinical/pathologic findings, and pathologic
mechanisms. These mechanistic diagrams have been used in
both preclinical and clinical medical school teaching and eva-
luation at the University of Iowa. !

The second format of content delivery used in small groups
are LabCAPS (Laboratory—Computer Assisted Patient Simu-
lation) software that allows students to work through cases with
a focus on laboratory work-up and testing. For each LabCAPS
case, the students are provided a brief clinical history and
physical examination findings and are then asked to devise
differential diagnoses, order diagnostic testing (laboratory,
imaging, and procedural [biopsy, etc]), in one or more itera-
tions. They conclude the case by arriving at a diagnosis and
recommending treatment. Students then are provided a com-
parison of how their work-up and diagnostic test ordering com-
pares to expert consensus, including cost.*® In terms of cost, the
students use Medicare reimbursement rates as an approximate
surrogate. The students do not currently have a maximal budget
on what they order.

The third format for the small groups is a hands-on session
examining fixed gross specimens (eg, hearts or brains) or tours
of pathology laboratories. In the previous curriculum, in addi-
tion to the small groups, all students were required to complete
a “pathology selective” where they spent 2 hours in an area of
pathology such as clinical chemistry, hematopathology, micro-
biology, or the gross room. In the current curriculum, this was
replaced with a tour of the core clinical laboratories (clinical
chemistry, hematopathology, flow cytometry) in the MOHD III
course. Students are not required to attend an autopsy but are
encouraged to do so at any point in their training.

Impact of COVID-19 on the University of lowa Preclinical
Medical School Courses

In March 2020, University of lowa restrictions related to the
evolving COVID-19 pandemic took effect after the first week
of the MOHD III course. The following week was the univer-
sity spring break, and subsequently most educational activities
were moved online. The timing of the restrictions also meant
that some students who had traveled for spring break were
unable, at least temporarily, to return to lowa City. A practical
challenge was that internet access and bandwidth presented an
issue in some cases.

The sudden switch to online teaching had immediate impact
on preclinical medical school courses, specifically MOHD III
which had just begun. Several decisions were made quickly.
These included the following: cancellation of clinical labora-
tory tours in the second week of the course (impacting half of
the students as the other half had already taken the tours),
change of grading for MOHD III to Pass/Fail (from Honors/
Near Honors/Pass/Fail), preferential use of prerecorded
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Table 2. Changes in Switch to Online Teaching in Mechanisms of Health and Disease (MOHD) Ill Course.

Online (mid-March 2020) Required participation?*

Teaching method Pre-COVID
Lectures Live, recorded
Quizzes Online

Examinations Multiple choice, proctored on-campus

Pathology small groups 8-10 students with facilitator
Case analysis
LabCAPS

Gross specimens

Laboratory tours Attend 45 minutes tour

Pre-recorded or live Zoom No
Online Yes
Can be taken remotely Yes
Single large group Zoom' Yes
Cancelled* Yes

Abbreviation: LabCAPS, Laboratory—Computer Assisted Patient Simulation.
“The participation requirements applied to both pre-COVID and online.

T The spring semester typically has a total of 10 sessions with facilitators. In spring semester 2020, a total of 8 sessions were adapted to large group Zoom format.
' Half of the class was able to participate in the live laboratory tours prior to COVID restrictions. The tours were cancelled for the remainder of the class due to
timing of COVID restrictions. A virtual format will be used for spring semester 2021.

Table 3. Pathology Small Group Descriptions.

Activity Approximate time/case Live Online
Case analysis/ 30 minutes e Students assume different roles (clinician vs e Faculty presenter(s) runs through
LabCAPS pathologist) for each regular case; show their work cases with interspersed poll/quiz
to group for LabCAPS questions
e Graded on preparation and participation by facilitator e Student preparation prior to
session captured online
e Student attendance (participation)
captured via Report function of
Zoom
Gross 45 mins gross e Examine gross specimens o Virtual presentations by faculty
specimens specimens e Small group classroom e Used some outside videos

45 mins gross or
histology review

Abbreviation: LabCAPS, Laboratory—Computer Assisted Patient Simulation.

lectures from 2019 unless faculty wished to prerecord a new
lecture, and adaptations that allowed students to take examina-
tions off-campus. The 20 pathology small groups were con-
verted to one large virtual group per week as it was not
possible to hold in-person small groups due to limited avail-
ability of rooms large enough to permit social distancing. Con-
version to virtual small groups was considered, but at that point
in time, facilitator and curriculum support staff experience with
virtual technology was too limited to ensure uniform student
experience among the 20 groups. In making the changes to
virtual large group format, the session length was increased
from 1.5 to 2 hours. The course directors switched to use of
the Zoom videoconferencing app/platform.>* Zoom meetings
were held with the Liaison Committee. Zoom Question and
Answer sessions were also set up on the Wednesdays before
Friday examinations. Most meetings with students were also
done by Zoom. Table 2 summarizes key changes in the switch
to online learning.

Adaptation of Small Group Sessions for Online Format

All regular case analysis cases required at least some modifica-
tion in language and format to be utilized in the large group
setting, and design of the Zoom sessions evolved over the
subsequent weeks to include more student interaction via
poll questions. Adapting the cases and creating the interactive
session required a significant investment in faculty preparation
time as compared to preparation for a usual live small group
session. The LabCAPS cases, which were designed to be
worked through beforehand by students, worked best in the
large group setting with a presentation that demonstrated key
features in the case in a PowerPoint presentation as opposed to
trying to work through the LabCAPS software live. In addition,
some modifications were made to the software to allow track-
ing of student preparation for all types of cases. Attendance for
each large group session, which was required, was completed
utilizing the Report function of Zoom. Table 3 summarizes
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pathology small groups before and after switch to virtual teach-
ing. Supplemental Appendix 1 shows an example of a case
analysis session adapted for the large group virtual session,
including polling questions. Supplemental Appendix 2 shows
a LabCAPS presentation adapted for large group virtual
session.

Results

Overview of the Switch to Integrated Curriculum:
Successes and Challenges

As described above, the University of lowa CCOM fully imple-
mented an integrated preclinical medical school curriculum
with the class entering fall 2014. The majority of the pathology
content was incorporated within the MOHD III and MOHD IV
courses, with some background concepts such as cell death,
inflammation, and tissue repair covered in earlier courses. The
software infrastructure and a bank of cases for pathology small
groups had been developed in the previous curriculum. A sub-
set of the cases was adapted for the MOHD courses, with a
number of cases revised or substituted based on facilitator and
student feedback. Throughout the first 6 years of the MOHD III
course, pathology small groups were consistently the highest or
one of the highest rated aspects of the course. As an example,
an end-of-course evaluation item on “Case Analysis was useful
in understanding the course material” received 4.64 out of a 5.0
point scale (N = 117) for the 2019 course. The students appre-
ciated the ability to present cases and interact with group facil-
itators. In addition, a 2-hour interactive session on forensic
pathology (basics of death investigation and death certificates)
was very highly rated, with a slight drop in ratings for the 2020
online session compared to the previous 2 years that were
conducted in-person (2018: 4.51 out of 5.0, N = 123; 2019:
4.66 out of 5.0, N = 98; 2020: 4.27 out of 5.0, N = 101).

One ongoing effort with the MOHD III course has been in
recruiting faculty who could teach blocks of material, as
opposed to single lectures. A desire for this approach has con-
sistently been indicated in yearly student evaluations. This has
required some flexibility with recruiting the main faculty who
teach within an organ or function system. For hematologic,
gastrointestinal, and cardiovascular disorders, for example, the
primary lecturers have been pathologists. For endocrinology
and liver/biliary systems, the primary lecturers have been clin-
icians and basic scientists, with separate pathology lecture(s)
included to cover histology and other pathologic aspects. The
most consistent challenge with the course has been the integra-
tion of pharmacology/therapeutics with the pathophysiological
material. This is an ongoing area of optimization.

Lessons Learned From the Mechanisms of Health and
Disease Ill Course
The most immediate lessons learned during the 2020 MOHD

IIT course were related to optimizing the large group Zoom
sessions for the pathology case analysis groups. This included

recognition that at least one moderator (in addition to the main
presenter) was needed to triage questions from the audience.
Students were directed to bring questions forward via the Chat
function, and questions were far more numerous than usually
encountered in small groups of 8 to 10 students. The first two
sessions ran into time management challenges and subse-
quently the moderator took on a greater role in managing ques-
tions to determine which should be discussed with the entire
group.

The switch to prerecorded lectures somewhat surprisingly
resulted in few complaints from students. One benefit was that
the lectures and recordings could be organized in the most
optimal way that would be difficult to schedule in practice such
as a lecturer giving 4 live lectures within a single day. A subset
of students indicated appreciation for the lecturers that did new
recordings for the 2020 course as opposed to using the 2019
recordings. This was not asked as a formal question on course
evaluations but was mentioned in free text by 15 out of 101
students in lecture and end-of-course evaluations for the 2020
course. In soliciting feedback from faculty, questions emailed
from students regarding lecture content were at a similar vol-
ume to previous years with live lectures. Lecturers were made
available for a virtual question/answer session prior to each
exam. Interestingly, examination score means and standard
deviations were very similar for all 5 examinations for 2018,
2019, and 2020 (prior to 2018, course blocks were in a different
arrangement and hard to compare directly; Figure 1).

Adjustments for Subsequent Courses

Pathology small groups for the MOHD IV course in fall seme-
ster 2020 used a similar approach to the MOHD III course in
the previous spring, with a large group format. Additional
emphasis was placed on interactive polling due to student feed-
back from MOHD III. The plan for the MOHD III course in
spring 2021 is to return to individual pathology small groups
but using Zoom. Interestingly, the Liaison Committee report
for the MOHD I1I course and subsequent discussion indicated
that there were a subset of students who appreciated the large
group format for the pathology small groups relative to the 2
individual small group sessions in the MOHD II course prior to
COVID-19 restrictions on live classes. The most consistent
comments in favor of the large group format related to unifor-
mity in presentation to all students. In general, ratings on end-
of-course evaluation items covering broad aspects of the course
(eg, course fairness, responsiveness of codirectors) were either
essentially the same or slightly higher compared to the 2019
course. However, an exception was that the overall feedback on
“Case analysis was useful in understanding the course materi-
al” dropped to 4.30 out of 5.0 (N = 108) in 2020 compared to
4.64 out of 5.0 in 2019 (N = 117). Students who preferred the
individual small groups appreciated the ability to get direct
feedback and have more engagement and accountability with
the cases and with the other students and the facilitator. In the
usual small group format students are expected to present parts



Academic Pathology

100
@ 80
=]
Q
w
£ 60
©
x
w
g) 40
©
S
S
X 20
0
- o~ © < w
maots] §E F % P
H 2019 i f i i i
W 2020

Figure |. Examination scores (mean + error bars showing standard
deviation) for the 5 multiple-choice examinations for the MOHD llI
course (N = 174 for the 2018 and 2019 courses; N = 172 for the 2020
course). The course content over the 3 years shown was very similarly
divided over the blocks of the course, with the 2019 and 2020 courses
virtually identical except that the 2020 course used virtual instruction
for all but | week of the course. For all examinations, the highest
student score was 100% except for 98% in examination #5 in 2018.
The lowest scores for the 5 examinations were (values indicate 2018,
2019, 2020, respectively): examination | (63%, 43%, 58%), examina-
tion 2 (58%, 60%, 67%), examination 3 (55%, 56%, 61%), examination
4 (58%, 60%, 59%), examination 5 (54%, 51%, 57%). MOHD indicates
Mechanisms of Health and Disease.

of each case to the group, while all the responsibility for pre-
sentation was on faculty in the large group setting.

Discussion

Recent trends in medical school curricula in the United States
present a challenge and an opportunity for education in labora-
tory medicine and pathology.>>’ Historically, many medical
schools have utilized subject-based courses (eg, Anatomy,
Biochemistry, Genetics, Pathology, Pharmacology, Physiol-
ogy) in the preclinical curriculum. These courses may be man-
aged by basic science or clinical departments related to the
subject area. A more recent trend has been toward integrated
curricula that feature multidisciplinary courses often managed
more centrally.?>”*> The University of lowa CCOM fully
implemented an 18-month integrated preclinical curriculum
starting with the class entering 2014. Our experience has shown
that pathology small groups that utilize knowledge in patho-
physiology and histopathology can be an effective component
of preclinical integrated courses. In our situation, small group
cases developed in the previous traditional curriculum required
some modifications for integrated courses.

The logistic changes due to the COVID-19 pandemic
offered us an opportunity to see how pathology small groups,
intended as facilitated live sessions, could be adapted to a
virtual format. In our MOHD III course, the sessions func-
tioned relatively well in a large group Zoom format. Content
structure and delivery optimization occurred over the first
several sessions. The student feedback on this switch was gen-
erally positive, although end-of-course evaluations suggested a
preference toward the live small groups.

Overall, the experience enabled us to experiment with differ-
ent teaching modalities and use this new knowledge in our con-
tinuing efforts to improve our preclinical courses. One concrete
change has been to expand use of prerecorded sessions in MOHD
III to maximize scheduling flexibility. For the 2021 course, the
codirectors have offered this option to lecturers who give multi-
ple lectures within a block or who have scheduling conflicts that
make ideal placement of lectures challenging. This can be espe-
cially useful for back-to-back lectures where the first time slot
can be prerecorded and the second one live, allowing for the
lecturer to field student questions on both sessions. Lastly, our
medical school and physician assistant programs share courses
during the first 18 months of training, a unique structure for
United States medical schools. The College of Medicine has
found this to be an effective combination, with similar perfor-
mance in the medical and physician assistant students throughout
the preclinical course. A future goal is to analyze the outcomes
and opportunities associated with this structure.
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