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Abstract
Introduction Due to the Covid-19 social distancing restrictions, in March 2020, Weill Cornell Medicine-Qatar decid-
ed to replace students’ clinical instruction with novel online electives. Hence, we implemented an innovative online
and remote pathology curriculum, anchored on virtual microscopy and Zoom videoconferencing: ideal tools to
support online teaching.
Objective To assess a new curriculum implementation at Weill Cornell Medicine-Qatar.
Materials and Methods This for-credit, 2-week elective included 6 synchronous Zoom sessions where complex clinico-
pathological cases were discussed in small groups. We used open access digital microscopy slides from the University of
Leeds’ Virtual Pathology Library (http://www.virtualpathology.leeds.ac.uk/slides/library/). Students independently
prepared for these sessions by reviewing cases, slides, readings, and questions in advance (asynchronous self-directed
learning anchored on a flipped classroom model), and wrote a final review of a case. An assessment and feedback were
given to each student.
Results Four elective iterations were offered to a total of 29 students, with learners and faculty spread over 4 countries. During the
Zoom sessions, students controlled the digital slides and offered their own diagnoses, followed by group discussions to strength-
en autonomy and confidence. We surveyed learners about the elective’s performance (program evaluation). Students conveyed
high levels of satisfaction about the elective’s overall quality, their pathology learning and online interactions, with minimal
challenges related to the remote nature of the course.
Discussion and Conclusions Technological innovations mitigate sudden disruptions in medical education. A remote curriculum
allows instruction at any distance, at any time, from anywhere, enhancing educational exchanges, flexibility and globalization in
medical education.
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Introduction

Weill Cornell Medicine-Qatar (WCM-Q) is an international
site of Weill Cornell Medicine. Established in 2001 as a part-
nership between Cornell University and Qatar Foundation,
WCM-Q is part of Cornell University in Ithaca, New York,
and shares the tripartite mission of Weill Cornell Medicine-
New York (WCM-NY): a dedication to excellence in educa-
tion, patient care, and research. It offers an integrated program
of pre-medical and medical studies leading to the Cornell
University MD degree.

WCM-Q medical school curriculum is guided by key prin-
ciples of enhancing the integration between the foundational
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sciences and clinical learning, and introducing students to pa-
tient care from the first day of their studies. The curriculum is
divided into 3 phases. During Phase 1, which extends over
18 months, students complete their foundational sciences
courses. Phase 2 is dedicated to 12 months of clinical clerk-
ships at primary and tertiary care academic centers in Doha,
Qatar. Phase 3 focuses on advanced clinical experiences and
the completion of a scholarly capstone project.

Due to the global Covid-19 pandemic, in March 2020,
WCM-Q suspended all clinical instruction in a move aligned
with the Association of American Medical Colleges (AAMC)
and the Liaison Committee on Medical Education (LCME)
recommendations [1–3] and similar decisions by other educa-
tional institutions in North America, Asia, and Europe [4–7].
This approach to protecting students was sensible particularly
in light of past experiences, such as when 16 medical students
exposed to severe acute respiratory syndrome (SARS) patients
in a hospital during the Hong Kong 2003 outbreak unfortu-
nately contracted the disease [8].

As a result, our institution faced a sudden challenge: to
adapt to the new situation and enable our students to progress
in the curriculum safely. Consequently, WCM-Q decided to
replace our learners’ clinical work with a portfolio of novel
electives to be delivered entirely online starting in mid-April
2020, covering various fields of expertise. The strategy in-
cluded offering 2- or 4-week electives to provide students with
enhanced flexibility if they needed to return to the clinical
space on short notice.

At that challenging time, the authors of this project be-
lieved that pathology teaching offered a superb solution for
our institutional needs, based on the use of virtual microscopy
and digital slides. These are ideally suited for delivering an
undergraduate pathology curriculum [9], and many institu-
tions in North America and Europe have already switched to
this approach [10–12]. Indeed, WCM-Q has been using virtu-
al slides for pathology and histology instruction throughout all
basic science courses since 2005, and the American Board of
Pathology certification exam began using virtual microscopy
in 2003 [13]. Large academic medical centers have ample
experience with virtual microscopy and employing digital
slides for undergraduate teaching [14] and clinical diagnostic
purposes [15], and most recently, during the Covid-19 pan-
demic [16, 17]. In the US, a corresponding relaxation of gov-
ernment regulations has allowed pathologists to review and
report pathology specimens from remote, non-Clinical
Laboratory Improvement Amendments (CLIA) certified facil-
ities [17], expanding the use of digital slides with remote
reviews.

However, virtual microscopy and digital slides in medical
school education have traditionally accompanied face-to-face
“in-situ” interactions, with very few remote applications and
mostly targeting post-graduate training [18, 19]. To commu-
nicate with our learners within the social distancing

restrictions imposed by the Covid-19 pandemic, our project
sought to develop and implement an undergraduate innovative
pathology collaborative learning experience. Students and in-
structors would connect remotely and share––synchronously
and asynchronously––virtual microscopy, digital slides, and
other images, as well as discussions, questions, and answers
through the Zoom videoconferencing system, currently avail-
able at WCM-Q as an institutional subscription. We targeted
WCM-Q medical students that had already completed their
foundational sciences courses. The theoretical framework for
this new curriculum was anchored on the flipped classroom
model, with students initially learning and constructing new
knowledge on their own, and faculty subsequently utilizing
online classroom time for problem solving, formative teach-
ing, and answering students’ questions.

Materials and Methods

Design of the Elective

We designed a 2-week online elective with the overarching
goal that learners, by focusing on the study of several malig-
nant tumors and their precursor lesions, would acquire an
enhanced knowledge of malignant diseases and therefore the
basis for robust understandings of oncologic pathology and
oncology. The elective was available for any student who had
successfully completed our foundational sciences curriculum.
Students passing the elective would gain appropriate credit as
determined by institutional policy.

The elective included a total of 6 interactive, synchronous
live sessions using Zoom videoconferencing (3 sessions per
week). We decided to accept a maximum of 10 students per
elective iteration, believing that an instructional approach
based on small groups best suited our program, supporting
increased student participation and positive learning
outcomes.

Two WCM-Q and Department of Pathology and
Laboratory Medicine WCM-NY faculty members developed
9 clinicopathological cases which included links to access
remotely corresponding digital slides from the University of
Leeds Virtual Pathology Slide Library (http://www.
virtualpathology.leeds.ac.uk/slides/library/). This open
access collection of slides is digitized and curated by trained
pathologists and stored with anonymized clinical information,
used for teaching and training. Slides can be viewed on
standard computer screens and mobile devices and are
globally accessible. All cases included an initial clinical
vignette describing a patient presentation and diagnostic
imaging and laboratory results, followed by biopsy and/or
surgical excision histopathological findings. The cases also
presented illustrations of gross specimens, immunohistochem-
ical images, and for some, descriptions and results of
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advanced molecular studies. The cases focused on uterine
cervical, colonic, pulmonary, and mammary oncologic pa-
thology, and included a list of differential diagnoses, with
the University of Leeds Slide Library virtual images illustrat-
ing alternative but meaningful and related pathological
entities.

As our foundational sciences curriculum at WCM-Q in-
cludes general and systemic pathology, our students had al-
ready acquired a basic knowledge of this discipline. We ac-
cordingly created cases that were somewhat more complex
than those our learners had already studied, so they would
continue incorporating new information and constructing
new understandings in pathology throughout this elective.

We included in all cases 2 types of questions aimed at
topics addressed during the sessions: first order basic queries
and more complex United Stated Medical Licensing
Examination (USMLE) type items. Students were expected
to answer these questions to the best of their knowledge drawn
from readings and general preparation. We included the
USMLE items with the following 3 objectives: first and most
importantly, to ensure students had learned their materials and
increased their knowledge; second, to strengthen their self-
directed learning (SDL) and subsequent self-assessment
skills; and third, to contribute to their preparation for the
USMLE Step 1, an exam taken by most of our learners prior
to graduation.

We decided to interactively teach and connect with the
students via the Zoom videoconferencing platform. Zoom al-
lows for screen sharing and control at a distance by any par-
ticipant––a significant plus, we believed, that could enhance
learner autonomy and self-discovery skills by granting stu-
dents full remote control to point out specific areas while
describing virtual pathology or radiology images. In addition,
we also chose to make use of the built-in Zoom polling as
another way to increase student contributions during case
discussions.

As we planned the elective, we decided that students would
be expected to independently prepare for these Zoom sessions
by reviewing the cases and digital slides, completing assigned
readings, and answering all basic and USMLE-type questions
in advance (asynchronous SDL). Accordingly, students were
provided with access to all materials, including the virtual
pathology slides, 72 h before each Zoom meeting. This inde-
pendent preparation was factored into the students’ assess-
ment (please see below). Therefore, in order to support our
students’ success, the program comprised two components of
approximately equal importance: a preparatory asynchronous
SDL step followed by synchronous interactive sessions with
live Zoom discussions.

The elective was hosted on the WCM-Q Canvas Learning
Management System (LMS). Each iteration included a unique
centralized site on Canvas, allowing for faculty and learner
interactions, student submissions, access to teaching files,

images, and other documents, and assessment of students after
completion of the elective.

Students were assessed through direct faculty observa-
tions of their preparation for case discussions, in class
participation and contributions, responses to basic and
USMLE-type questions, and also by writing a final 500-
word summary review of a case discussed during the elec-
tive. This review had to address all significant pathologi-
cal and related clinical issues. It was open-ended, and no
written rubric was provided to the students; instead, they
were given verbal instructions at the beginning and end of
the elective. The weight of this assignment was 50% of
the overall final grade.

A final written assessment of each student’s performance
included several items graded on a 5-point Likert type rating
scale, including formative and summative comments. In addi-
tion, the faculty provided oral formative feedback to the stu-
dents through one-on-one Zoom meetings. The final course
grade was assigned as Pass/Fail.

This project was submitted to the WCM-Q Institutional
ReviewBoard (IRB) and determined IRB exempt. In addition,
the institutional leadership was fully supportive of our initia-
tive, quickly approving the elective for credit recognition and
ensuring all the resources were readily accessible to the teach-
ing faculty.

Results

Implementation of the Elective

Four elective iterations were offered to a total of 29 students
between April 19 and June 25. The first iteration included 10
students, the second included 5 students, and the third and
fourth iterations included 7 students each. Learners and facul-
ty were spread over 4 different countries (Qatar, Saudi Arabia,
Peru and Argentina).

The 2 participating WCM-Q/WCM-NY faculty facilitat-
ed the Zoom instruction. Following the program design,
we met with students 3 times per week for sessions lasting
90 to 120 min. While discussing cases, the students had
many opportunities to take control of the virtual slides,
moving the images and zooming in and out at their discre-
tion, and selecting areas of interest to share with the group.
They also described their initial preliminary pathological
diagnoses based on their evaluation of the virtual slides. In
so doing, the learners “acted” as pathologists in control of
their cases, similar to what happens at pathology depart-
ments during consensus meetings where difficult cases are
shown to colleagues. In general, learners took turns to offer
their preliminary and differential diagnoses, with faculty
facilitating active participation and contributions by each
student. In addition, towards the end of each case
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discussion, students answered the basic and USMLE-type
questions anonymously, through the Zoom polling.
Subsequently, responses were analyzed by the group, in
order to enrich the discussions. This questions and answers
section also allowed faculty to assess learners’ prior pre-
paratory SDL effectiveness, identify any knowledge gaps,
make all necessary corrections, and provide formative
feedback (Fig. 1).

We did not experience any difficulties with the Zoom plat-
form, which worked very well during all sessions, and en-
countered no “Zoombombing” [19].

Assessment of the Elective and Students’ Feedback

We surveyed our students to acquire some preliminary im-
pressions and data about the elective’s performance and func-
tioning (program assessment), and to make any necessary
changes. We aimed to evaluate the elective’s overall quality
and the quality of student and faculty online interactions, our
students’ online and remote learning of pathology, any chal-
lenges associated with their work and communications, and
the most/least effective aspects of their remote learning expe-
riences. We acknowledged that this appraisal would only be
based on our learners’ input, assessment, and feedback.

A 2-part, anonymous survey, prepared by the WCM-Q
Office of Educational Development (OED) for all virtual elec-
tive courses, was distributed to the 29 students who had com-
pleted our pathology elective, and 23 (79.31%) responded.
Tables 1 and 2 summarize the survey results.

We additionally asked the students if they had or had not
experienced any challenges due to their remote participation

in this course. Only 1 out of 23 (4.35%) respondents answered
that they had, noting “some lag in the communications.”

Finally, we asked the students to describe the most and the
least effective aspects of their remote learning experiences.
Virtual pathology slides, ability to communicate with peers
and engage more in the activities through online learning rath-
er than when it is face-to-face, easier communication with the
professors, more relaxed environments at home, enhanced
time management with no time lost in transportation to/from
the college, lack of distraction by peers, solving the cases prior
to the sessions and inclusion of USMLE-type questions were
all reported as highly effective. Indeed, some students men-
tioned they preferred remote instruction over face-to-face
teaching. No comments were received on the least effective
aspects of the course.

During the four iterations of the course, we encountered
loss of Internet during 1 of 24 sessions (4.16%), which affect-
ed the connectivity of a few students. This session was re-
scheduled for the next day, resolving the problem. We also
encountered loss of the virtual microscopy website connectiv-
ity during 2 of 24 sessions (8.33%). This issue, though not
ideal, was solved by sharing static images (JPGs) instead,
prepared in advance from the same corresponding digital
slides. We did not encounter any other barriers or challenges
to our remote online program.

While technical troubles, as described above, were rare,
they underscored the critical importance of developing
Internet and server back-up systems for institutions that offer
online courses. In addition, although during our elective we
used standard home-type Internet, networks that offer ade-
quate bandwidth are crucial. In summary, efforts must be
made to mitigate technical risks that can diminish student

Fig. 1 WCM-Q faculty and students discussing a virtual microscopy pathology slide via Zoom videoconferencing

552 Med.Sci.Educ. (2021) 31:549–556



satisfaction and participation. Every student passed the
elective.

Discussion

This project involved the development and implementation of
a novel undergraduate pathology curriculum atWCM-Q, built
on the use of virtual microscopy, with learners and faculty
interacting remotely by Zoom videoconferencing––a notably
original approach in pathology teaching in medical school
education.

Fortunately, we were able to design and implement this
elective swiftly, as our appraisal of existing infrastructure con-
firmed that all the resources needed were already available.
These included Zoom videoconferencing, Canvas,
Information Technology assistance, secretarial support, OED
collaboration, and the University of Leeds virtual slides. In
addition, we obtained crucial WCM-Q leadership support, as
evidenced by their quick approval of the elective for credit
recognition and by ensuring that all the resources were readily
accessible.

During our needs assessment, we also considered the
characteristics of our targeted learners. First, they are
tech savvy, critical in this elective, which is heavily
reliant on technology. Second, they are familiar with
flipped classrooms and therefore were well prepared
for our elective entailing many aspects of the flipped
classroom model. Third, our students have strong pa-
t h o l o g y f o u n d a t i o n s a n d a r e f am i l i a r w i t h

clinicopathological cases and virtual slides, since pathol-
ogy teaching during the foundational courses at WCM-
Q is grounded on these tools. Finally, we did not en-
counter any barriers to this elective. All of these factors
mentioned above are critical for the implementation and
success of a new medical school curriculum.

The program was very well received by the students.
Based on their written and oral feedback, the remote
nature of the course presented minimal challenges.
Learners reported high satisfaction with the opportuni-
ties to interact online with peers and faculty, and with
their learning of pathology and related topics. Indeed,
some students mentioned they preferred this mode of
teaching over face-to-face instruction. Reasons for this
predilection included, among others, as mentioned be-
fore, enhanced time management and a lack of distrac-
tion by peers, as sometimes happens during instruction
at the college. In addition, we as faculty did not en-
counter any difficulties with the remote delivery of our
curriculum.

Our program was a response to the sudden need to
interact with students at a distance. We switched from a
traditional teaching paradigm of face-to-face interactions
with our learners to a new ideal approach of 100%
remote exchanges. This experience parallels similar
needs and responses in the clinical arena. For example,
in the US as a result of this pandemic, hospital pathol-
ogists have been allowed to temporarily switch reporting
of cases to remote locations, following guidance by the
College of American Pathologists (CAP) and the

Table 1 Survey of students about the elective’s performance (program assessment)-Part A

Meana Standard Deviation

Elective’s overall quality 4.9 0.34

Clarity of elective’s goals and objectives 4.9 0.34

Elective’s organization (syllabus, schedule, learning arrangements, support mechanisms) 4.8 0.41

Elective’s contribution to the students’ learning and understanding of oncologic pathology 4.8 0.51

a Calculated using a 5-point rating scale, with “1” representing the lowest possible score and “5” representing the highest possible score

Table 2 Survey of students about the elective’s performance (program assessment)-Part B

Meana Standard
Deviation

After completing this elective, my knowledge of some complex pathological entities and diseases has improved 4.6 0.49

After completing this elective, my recognition of the critical importance of robust clinicopathological correlations has
improved

4.6 0.49

After completing this elective, my comprehension of the rationale supporting targeted therapies and preventive approaches in
malignancies has improved

4.4 0.65

The elective’s Zoom sessions encouraged interactions between students 4.8 0.39

The elective’s Zoom sessions encouraged interactions between faculty and students 4.7 0.44

a Calculated using a 5-point Likert scale: [SD] Strongly Disagree = 1; [D] Disagree = 2; [N] Neutral = 3; [A] Agree = 4; [SA] Strongly Agree = 5
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Centers for Medicare and Medicaid Services (CMS)
[20–22]. In fact, as per CMS guidance, a temporary
testing site may even include the pathologist’s home.

We were also interested in whether students carried on
developing their SDL and self-discovery skills through this
program. They were accordingly provided with cases and ac-
cess to virtual slides, readings, and other activities 72 h in
advance of Zoom meetings. During their preparatory time,
the learners reviewed these items on their own and were ex-
pected to create differential diagnoses, eventually formulating
their own specific cancer diagnosis. Thus, this preparatory
time was a great opportunity for SDL and self-discovery in
line with LCME standards for accreditation of medical educa-
tion programs [23] and World Federation for Medical
Education (WFME) basic medical education global standards
for quality improvement [24]. Nevertheless, we would need a
considerably extended follow-up and further appraisals to de-
termine if this approach enhances the SDL of our students in
the long-term. The same applies to including USMLE-type
questions in the cases, and correlating this strategy with the
USMLE performance of our learners.

During the Zoom meetings, as each student took their
turn to discuss a case, they were first asked to share
with the group the diagnoses they had generated during
their preparatory time. This was followed by a group
discussion and a final consensus diagnosis under faculty
guidance. Students remotely controlled the virtual im-
ages during the discussions, selecting and showing to
others via Zoom, their fields of interest on the digital
slides and important tumor features to support their di-
agnoses. This learning strategy can strengthen student
autonomy and confidence, and eventually, self-efficacy
and motivation for learning. Faculty also offered forma-
tive feedback and reinforcements. In addition, sharing
images, ideas, and questions and answers live through
Zoom enhanced collaborative work and learning. In fact,
sometimes students offered different perspectives on a
difficult case, encouraging rich discussions during our
meetings.

Conclusions and Future Directions

Our experience demonstrates how enhanced flexibility and
technological innovations can now effectively relieve andmit-
igate sudden disruptions in undergraduate medical education
in the foundational sciences due to a viral pandemic, or for any
other cause.

This is not the first time medical education has been affect-
ed by an infectious outbreak. The 2003HongKong SARS and
2015 South Korea Middle East Respiratory Syndrome
(MERS) outbreaks mandated barring students from patient
contact, canceling clerkships, and closing medical schools

[25–27]. Luckily, although the COVID-19 pandemic has
harshly impacted education at many levels, we now have in-
structional tools previously unavailable. Still, it is imperative
to learn from recent events, since the possibility exists of fu-
ture analogous challenges. The current pandemic has encour-
aged instructional innovations that must be included in our
medical education armamentarium.

A benefit of this remote curriculum is that it allows instruc-
tion at any distance, for any reason, at any time, and from
anywhere. This supports flexibility and globalization in med-
ical education.As virtual teaching becomes more generalized,
it will allow students to interact with peers and faculty at other
institutions worldwide, supporting and increasing educational
exchanges.

Remote education, however, cannot replace face-to face
instruction. We favor a blended system, including distanced
and face-to-face teaching. Moreover, some key aspects of
medical education (e.g., bedside teaching), can only occur in
the context of direct contact with patients.

It is also important that policymakers and governing bodies
ensure that medical schools have all the necessary resources to
face the next “emergency” in undergraduate medical educa-
tion. This includes technology and faculty development.
Similarly, it would be useful for appropriate national (e.g.,
LCME in the US) and supranational (e.g., WFME) organiza-
tions to establish some common rules, standards, and guide-
lines for medical education at a distance so that high-quality
remote instruction is assured and maintained.

Lastly, our work should be replicated by others and evalu-
ated accordingly. Future research should look at hard evidence
of learning outcomes associated with remote online
instruction.
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