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Abstract
Objective The COVID-19 pandemic created a paradigm shift in medical education with a reliance upon alternative teaching
methods to deliver meaningful surgery clerkship content. This study examines the efficacy of a novel, case-based virtual surgery
clerkship curriculum to determine its impact on student experience during quarantine.
Study Design Sixteen third-year medical students enrolled in the General Surgery clerkship between April through June 2020
during COVID-19 distancing at a quaternary medical center (Cleveland Clinic, Cleveland, OH) participated in this study. Course
surveys, including a 10-question curriculum-based multiple-choice assessment, were administered before and after the clerkship.
Analyses include student self-perception of readiness to see a surgical consult independently, students’ interest in pursuing a
General Surgery residency, and improvement of surgical knowledge.
Results and Conclusion On a 5-point Likert scale, students felt significantly more assured in their ability to independently assess a
surgical consult by the end of the course. Five (31%) students reported an influence of the curriculum on their personal interest in
a career in General Surgery.Mean scores on the curriculum-based knowledge assessment increased. These findings highlight that
a virtual platform can be a reliable alternative adjunct that delivers surgical content and positively impacts student experience.
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Introduction

In recent years, a significant effort has been pursued to opti-
mize medical student learning with regard to structure,

content, goals, and delivery mechanisms. [1, 2] While pre-
clerkship curricula lay the groundworks for foundational sci-
entific knowledge, clinical clerkships create opportunities for
medical students to exercise the application of this foundation.
The core clerkships are critical in the formative development
of medical students from classroom exposure to clinical prac-
tice and its intersection with experiential learning. [3]
Moreover, evidence suggests that interaction with current sur-
gical residents in a clinical setting positively affects a student’s
perception of a surgical career and thus increases their propen-
sity to pursue a General Surgery residency. [4, 5] The oppor-
tunities that surgery clerkships offer are crucial for students to
determine their postgraduate training and future career trajec-
tories beyond medical school.

With the advent of the novel coronavirus/SARS-CoV-2
(COVID-19), resource allocation and containment efforts
have drastically changed the landscape of clinical practice.
In General Surgery, the repercussions of the response were
significant, resulting in the canceling of non-emergent surger-
ies, limiting personal protective equipment for invasive pro-
cedures, and as with many other specialties, a restructuring of
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the practice paradigm. [6, 7] For the General Surgery clerk-
ship, the pandemic was particularly impactful given that the
key components of learning, clinical exposure, and student
mentorship occur in an operating room or procedural setting
that is not as easily replicated as in other elements of medical
practice. [8, 9] This study examines the efficacy of a remote
curriculum in lieu of an in-person General Surgery clerkship.
Rapidly, a proprietary case-based virtual curriculum was de-
veloped with simulated consult and outpatient clinic patient
encounters, integrated with didactics, discussions, pager sim-
ulations, and table rounds to approximate the daily learning
environment of an in-house General Surgery clerkship. This
survey study demonstrates as proof-of-concept that a virtual
simulation of surgical patients and case-based learning is in-
deed effective in positively influencing student perceptions of
General Surgery, engendering confidence in general clinical
skills, and providing reinforcement of content retention and
learning.

Methods

Study Setting

This study was completed using surveys capturing subjective
sentiment regarding the General Surgery clerkship during im-
plementation of COVID-19 social distancing policies
prohibiting medical student clinical participation on the
Cleveland Clinic campus during April and May 2020. A total
of 16 third-year medical students enrolled in the General
Surgery clerkship at Cleveland Clinic were directly impacted
by social distancing regulations prohibiting in-person medical
student clinical participation. Primary endpoint of this study
was the student’s self-perception of readiness to see a surgical
consult patient independently. Secondary endpoints included
changes in students’ interest in pursuing General Surgery for
residency and improvement of knowledge-based question
scores. Participants were provided surveys prior to and after
completion of a proprietarily developed case-based interactive
virtual patient curriculum (Supplemental Materials 1 and 2).
Surveys evaluated students’ concerns about, perceptions of,
and interest in General Surgery as well as assessment question
topics were selected based on diagnoses frequently encoun-
tered on the surgery clerkship by the third-year medical stu-
dents at our institution. Questions were curated and reviewed
by residents and faculty on the study team. Survey data was
collected anonymously without any associated student-
specific identifier. The virtual curriculum was implemented
as a part of the surgery clerkship for the third-year medical
students of Case Western Reserve University School of
Medicine and the Cleveland Clinic Lerner College of
Medicine. This study was approved by the Cleveland Clinic

Foundation Institutional Review Board (IRB#20-503) and
need for consent was waived (Fig. 1).

Virtual Curriculum Development and Design

A virtual third-year medical student surgery clerkship cur-
riculum was developed using the Kern six-step method.
[10] Clerkship leadership was tasked to engage third-year
medical students in virtual educational activities that would
meet the learning objectives of the typical surgical clerk-
ship rotation. General needs assessment was performed by
reviewing available virtual curricula including WISE-MD
modules, ACS/ASE Medical Student Core Curriculum, and
shelf exam questions. [11, 12] In addition, clerkship direc-
tor, subject matter experts, and general surgery residents
were consulted on commonly encountered patient scenarios
by third-year medical students in outpatient clinic, inpatient
wards, operating room, and emergency room settings as
well as learning objectives covering clinical skills obtained
from managing postoperative patients in the inpatient ward,
scrubbing into operative cases, presenting on patient
rounds, and writing history and physical exam notes.
Subsequently, targeted needs assessment using a question-
naire survey was distributed to the third-year medical stu-
dents (Supplemental Material 1). Questionnaire evaluated
students’ concerns about, perceptions of, and interest in
General Surgery as well as knowledge-based questions cen-
tered around key teaching points from ten select topics.
Assessment question topics were selected based on diagno-
ses frequently encountered during the typical third-year
clerkship at our institution. Questions were curated and
reviewed by residents and faculty on the study team.
Survey data was collected anonymously without any asso-
ciated student-specific identifier. This questionnaire was
also designed to serve as pre-assessment before
implementing the virtual curriculum. Based on the needs
assessments, the overarching goal of the virtual curriculum
was to utilize patient scenarios to teach third-year medical
students to assess patients presenting with common surgical
pathologies and peri-operative management of surgical pa-
tients. The following learning objectives were provided: (1)
identify common surgical etiologies, diagnostics steps, sur-
gical management of disease, and postoperative manage-
ment; (2) understand key components of evaluating patients
with surgical etiologies; (3) elicit pertinent information
from simulated patient encounters through patient inter-
view and physical exam; (4) collaborate with peers in
team-based setting to develop diagnostic plans for each
patient encounter; (5) formulate a treatment plan for each
patient encounter based on sound clinical reasoning skills;
and (6) demonstrate clear verbal and written abilities to
effectively communicate key findings from each patient
encounter.
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Amix of educational methods was utilized for the virtual
curriculum based on traditional lectured based learning
method and problem-based learned method based construc-
tivism, social, and humanism learning theories. [13]
Students and residents convened in a virtual classroom
using Zoom. At the beginning of each week, the students
were provided with a patient scenario and resident leading
the discussion role-played as the patient from whom the
students obtained history gathering and requested focused
physical exam findings. The facilitator role playing the pa-
tient would leave the virtual classroom; then, the students
brainstormed as a team differential diagnoses, and “orders”
as a part of their diagnostic workup. The “orders” for the
diagnostic work up were emailed by a student representa-
tive to the session facilitator. The session facilitator emailed
back the students with results of the labs and imaging or-
dered by the students and changes in clinical picture of the
patient in the scenario. After the session adjourned, stu-
dents then individually wrote a complete history and phys-
ical exam note based on the history, physical exam find-
ings, labs, and imaging. The completed note was submitted
to the residents for feedback. Prior to the subsequent ses-
sion, students were “paged” via e-mail about patient up-
dates and changes in clinical course. At the subsequent

Zoom sessions, students and resident facilitators discussed
the evolving treatment plans, brief didactics on relevant
diagnoses, reviewed online videos of relevant operations
and procedures, and practiced patient presentations in a
virtual table rounding format. This process was repeated
for each patient scenario. Evaluation of students and feed-
back from the students were obtained through the post-
assessment survey.

Statistical Analysis

Primary and secondary endpoints were analyzed using either
Mann-Whitney’sU or Student’s t tests as indicated. Statistical
significance was defined by a two-tailed p value less than
0.05. Analysis was completed using Stata/SE (version 13.0,
StataCorp, TX).

Results

Student Participation and Pre-course Perspectives

All 16 third-year medical students enrolled in the General
Surgery virtual clerkship successfully completed the virtual
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Fig. 1 Representative results from student participant responses to pre-
and post-course surveys. a Subjective feeling of readiness to see surgical
consults in the Emergency Department independently on a 5-point Likert
scale. b Percentage correct on content-based knowledge assessment.

c Post-course self-assessment of whether virtual clerkship curriculum
has influenced participant’s interest in General Surgery. d Pre-versus
post-course assessment of participant’s interest in pursuing General
Surgery residency
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curriculum. Participation for both pre- and post-course sur-
veys was 100%. Prior to participating in our study, students
had completed a variety of clerkships in other specialties in-
cluding medicine, obstetrics-gynecology, neurology, psychia-
try, pediatrics, and other surgical subspecialties. As the stu-
dents were withdrawn from clinical responsibilities by the
school in mid-March, 43.8% of the participants had partici-
pated in at least a partial virtual curriculum during the prior
rotation. Based on the pre-surgery clerkship questionnaire, the
majority of students expressed anxiety surrounding their read-
iness to begin their Surgery clerkship based on a 5-point
Likert scale ranging from anxious/scared to confident with
scores 1 to 5 respectively (median score 2, IQR 2–3;
Table 1). When asked about their top concerns about starting
their Surgery clerkship, most students reported apprehension
about their lack of exposure to the operating room and the
weakness of their surgical knowledge, followed by missed
opportunities for rounding and patient care (Table 1). Three-
fourths of participating students did not express any desire to
pursue a career in General Surgery prior to starting the clerk-
ship, followed by 19% and 6% expressing possible and defi-
nite postgraduate interest in General Surgery, respectively.

Positive Reception of Virtual Patient Case-Based
Curriculum

Participants were asked to complete a similar post-course sur-
vey at the conclusion of the 11 cases outlined in Table 2.
Based on responses on a 5-point Likert scale where 1 to 5
represent not to definitely worthwhile respectively, students
were overall very satisfied with the course and recommended
continuation of the curriculum for future iterations of the
General Surgery clerkship (median score 5, IQR 4–5;
Table 3). When asked to evaluate how effective the course
met its learning objectives outlined in the “Methods” section,
students unanimously agreed that the course definitely met all

Table 1 Pre-course survey results

Participants
(n = 16)

Previous clerkships

Internal medicine 2 (12.5%)

Family medicine 16 (100%)

Obstetrics/Gynecology 16 (100%)

Psychiatry 16 (100%)

Surgical subspecialty 2 (12.5%)

Pediatrics 16 (100%)

Neurology 16 (100%)

Completed virtual curriculum in previous clerkship 7 (43.8%)

Greatest concern entering General Surgery clerkship (top 2)

Competency in operating room 9 (28.1%)

Surgery knowledge base 9 (28.1%)

Interaction with surgical attending and residents 3 (9.38%)

Rounding and patient care 7 (21.9%)

Surgical shelf exam 4 (12.5%)

Feeling of readiness for General Surgery clerkship 2 (2–3)a

Interest in pursuing General Surgery residency

Yes 1 (6.25%)

Maybe 3 (18.8%)

No 12 (75.0%)

Data shown reflects number of students with percentage of study
population
a Likert scale of 1 to 5 reflecting scale of anxious (1) to confident (5),
displaying median with interquartile range

Table 2 Virtual patient curriculum outline

Case Topics covered in patient case format, with sub-topics

1 Acute cholecystitis
Ultrasound imaging
Introduction to the laparoscope

2 Lower gastrointestinal bleeding
Colorectal cancer
Postoperative pain and management

3 Pancreatitis
Acute versus chronic pancreatitis
“Step-up” management of necrotic pancreatitis

4 Small bowel obstruction
Inguinal hernias – incarcerated versus strangulated
Postoperative acute kidney injury

5 Breast mass
Benign versus malignant breast pathology
Breast exam

6 Acute appendicitis
Preoperative orders and considerations
Special populations – pregnant and pediatric patients

7 Peripheral arterial disease – threatened lower limb
Endovascular versus open vascular surgeries
Introduction to carotid disease

8 Painless jaundice – pancreatic mass
Pancreatic cancer workup: endoscopy, imaging
Nutrition: types and delivery of parenteral and

enteral nutrition

9 Trauma – splenectomy
“ABCDE’s”
Primary versus secondary survey

10 Gastroesophageal reflux
Barrett’s esophagus
Bariatrics – Roux-en-Y

11 Trauma – pneumothorax
Chest tube management and water seal

chamber mechanics
Interventions for persistent pneumothorax

12 Resident-student “hangout” session
Choosing a specialty and selecting a

residency program
Mindfulness and wellness during

residency and COVID-19
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the learning objectives (Table 3). Moreover, the course went
above expectations in terms of simulating the key components
of clinical work that are normally expected of third-year clerk-
ship students, including patient interaction, development of
treatment plans, inpatient floor work, exposure to the operat-
ing room, and regular patient-centric teaching by residents
(Table 3). Similarly, participants further reported that the
course was fairly effective in addressing their initial concerns
about starting their General Surgery clerkship (Likert scale 1
or not effective to 5 or very effective; median score 4, IQR 4–
5; Table 3).

Students Demonstrate Increased Clinical Confidence
After Completing Virtual Curriculum

One of the key criteria used to determine student perfor-
mance in the third-year clerkship at our institution is their
ability to independently complete an initial assessment of a
surgical consult patient under resident supervision (Fig. 1).
Thus, the primary point of interest in this study was student
self-perception and level of confidence to complete this task.
Based on a 5-point Likert scale ranging from not prepared to
independent scored 1 to 5 respectively, students felt signif-
icantly more comfortable and confident about completing an

initial assessment of a surgical consult in the emergency
room by the end of the course (pre-course median score 2,
IQR 1–3; post-course median score 4, IQR 4–4, p = 0.0001;
Table 4).

Post-course Survey Demonstrates Positive Impact of
Virtual Curriculum on General Surgery Knowledge
Retention and Career Interest

The study surveys also presented the same 10 content-based
questions at the beginning and conclusion of the course to
assess knowledge retention (Fig. 1). Overall mean scores sig-
nificantly improved, suggesting the course was effective in
delivering and teaching content (pre-course mean score
55%, SE 3.54; post-course mean score 72.5%, SE 2.14, p =
0.0002; Table 4). The post-course survey also demonstrated a
positive shift in student interest in General Surgery residency:
one additional student reporting “yes” (6.25 to 12.5%), two
additional students reporting “maybe” (18.8 to 31.3%), and a
corresponding decrease in students stating “no” (75.0 to
56.3%). Of the seven students who changed their perception
of General Surgery residency, five students (71.4%) stated
that their change in opinion was influenced by the virtual
patient curriculum (Fig. 1).

Table 3 Post-course survey
results Participants (n = 16)

Overall recommendation of curriculum for future students 5 (4–5)

Course achieved learning objectives

Practicing clinical reasoning and patient interaction 5 (5–5)

Generating surgical assessment and plan 5 (5–5)

Understanding management of surgical diseases 5 (5–5)

Utilizing team-based learning 5 (4–5)

Course efficacy of simulating components of clinical work

Patient interaction 4 (4–5)

Generating treatment plan 5 (4–5)

Floor work 4 (3–5)

Operating room exposure 4 (3–4)

Resident didactics/teaching 4 (4–5)

Course efficacy of addressing initial concerns
about starting clerkship

4 (4–5)

Interest in pursuing General Surgery residency post-course

Yes 2 (12.5%)a

Maybe 5 (31.3%)a

No 9 (56.3%)a

Course influence on personal interest in General Surgery post-course

Yes 5 (71.4%)a

No 2 (28.6%)a

Data shown reflects median with interquartile range of Likert scale 1 to 5
aMedian number of students with percentage of study population

105Med.Sci.Educ. (2021) 31:101–108



Discussion

The COVID-19 pandemic has stressed the healthcare sys-
tem in many ways, and medical student education has not
been spared from these effects. The role of students during
this time has been uncertain and has ranged from an expe-
dited graduation and immediate placement onto the wards,
to complete separation from the hospital with remote learn-
ing. [14–19] In either situation, medical student education
during a global pandemic had to evolve rapidly and drasti-
cally, with little or no experience to guide medical schools
and hospitals as to the best way of providing alternate forms
of clinical education. Some programs have incorporated
students into the system during the pandemic by having
them remotely interview and screen patients in the growing
number of virtual clinic visits. [20] However, evaluating
acutely ill patients in the ED or trauma bay and assisting
in the operating room have been the hallmark of the General
Surgery clerkship. The concern surrounding the impact of
social distancing on surgical clerkships is that above-
mentioned experiences cannot be performed remotely nor
be recreated virtually. For third-year medical students, the
formative experiences can significantly influence medical
students’ postgraduate career decision-making. [21]
Although no remote learning environment can replace the
trauma bay or operating room, we attempted to develop a
remote clinical surgical curriculum that allowed students to
care for simulated patients in a similar capacity that would
be expected of them under normal conditions.

The results from the present study support that the remote
surgical rotation implemented at our institution was a positive
experience for medical students, accompanied by a significant
improvement in both the knowledge of common surgical dis-
eases and the confidence in evaluation patients with surgical
diseases. Additionally, the study assessments demonstrate a
significant increase in surgical knowledge retention as
assessed by a content-based pre- and post-clerkship question
set. The course also had a positive impact on student interest in
General Surgery as reflected by the proportional change in
number of students interested in a General Surgery residency.
In addition to these evaluated metrics, there was a clear im-
provement in students’ ability to write adequate H&Ps and
progress notes, and to present surgical patients as the course
progressed. While operating room experience could not be
recreated virtually for the students, the virtual curriculum fo-
cused on evaluating patients with potential surgical patholo-
gies, clinical and residents played video recordings of perti-
nent surgeries, and explained key aspects of the procedure and
relevant anatomy. The implemented virtual surgery curricu-
lum achieved the patient scenarios covering common surgical
etiologies and peri-operative management of surgical patients.

In addition to the positive impact on the medical students,
there are also a number of benefits derived from having a
virtual curriculum with only resident facilitators. Even more
so than the attendings, the residents are perceived as teachers
and advisors by most medical students, and the interactions
with the residents have a significant impact on student career
choice. [22] Residents routinely act as mentors for medical

Table 4 Course endpoints of
interest Pre-course

(n = 16)
Post-course
(n = 16)

p

Confidence in ability to independently see and
complete initial assessment of surgical consult patient in
emergency departmenta

2 (1–3) 4 (4–4) 0.0001

Content-based knowledge check questionsb

Overall 55 (3.54) 72.5 (2.14) 0.0002

Acute cholecystitis 93.75 (6.25) 100 (0) 0.3253

Lower gastrointestinal bleed 68.75 (12.0) 62.5 (12.5) 0.7205

Pancreatic mass 6.25 (6.25) 12.5 (8.54) 0.5592

Breast mass 31.25 (12.0) 12.5 (8.54) 0.2120

Small bowel obstruction 68.75 (12.0) 100 (0) 0.0140

Inguinal hernia 43.75 (12.8) 81.25 (10.1) 0.0285

GERD/bariatrics 43.75 (12.8) 87.5 (8.54) 0.0080

Ischemic limb 87.5 (8.54) 100 (0) 0.1536

Trauma 50 (12.9) 68.75 (12.0) 0.2953

Peri-operative management 56.25 (12.8) 100 (0) 0.0018

GERD, gastroesophageal reflux disease
aMedian with interquartile range of Likert scale 1 to 5; Mann Whitney U test
b Percentage scored correct across all students with standard error; Student’s t test

106 Med.Sci.Educ. (2021) 31:101–108



students who utilize their experiences on their clerkship rota-
tions to make career choices. Therefore, these interactions and
relationships that the students typically build with the resi-
dents during their clerkship are even more important during
a time when students have limited exposure to the unique
experiences on the surgical clerkship such as scrubbing in
surgeries. [23] Subsequently, additional sessions were inten-
tionally allocated for informal student-resident “hangouts” to
discuss questions surrounding careers, lifestyles, and advice
related to surgery and career in medicine in general. These
dedicated sessions may have also played a significant role in
increasing the student interest in pursuing a career in a surgical
field.

The virtual curriculum also had the unexpected benefit of
improving the teaching skills of both junior and senior resi-
dents engaged in the endeavor. This curriculum demonstrated
the significance of and appreciation for the residents’ role in
surgical education as the implementation of this virtual curric-
ulum was only possible through participation of invested res-
idents. When the virtual curriculum was implemented at our
institution, a modified residency schedule was in effect with
some residents working remotely from home due to decreased
surgical volume. This allowed residents interested in teaching
students to participate in the virtual curriculum. However,
some residents also had direct patient care responsibilities.
To encourage resident involvement, relieving residents from
clinical duties or a modified schedule to allow residents to
dedicate their time to teach the virtual curriculum needs to
be considered. Buy-in from the clerkship director, the program
director, and administrative chief residents who created the
modified resident schedule was imperative and could be a
limiting factor for implementation at other institutions.

There are some issues specific to a virtual curriculum for
surgery clerkship that need to be addressed as well. Medical
students that routinely “shine” on surgery rotations are often
very self-motivated, active learners who score highly in traits
such as grit. [24] These attributes are difficult to assess through
a remote learning platform where opportunities to engage in
self-directed learning then report back to group were limited.
This may prevent medical students from challenging them-
selves and from getting a sense of how they would perform as
a surgical resident. Similarly, clerkship directors may struggle
to assess student performance outside of the metrics assessed in
the course. These challenges may be addressed by giving stu-
dents more autonomy in their virtual curriculum through self-
directed learning such asking students to lead discussions on
surgical topics or narrate a short surgical video for their
classmates with residents present. Additionally, student assess-
ments were performed using a proprietary question set derived
from the study content rather than from a standardized
assessment—the surgery shelf examination, which was not
available at the time of the virtual curriculum given changes
impacting shelf exam and clerkship rotation scheduling.

The most significant limitation is the lack of any operating
room experience in the remote curriculum which is difficult to
adequately simulate in a virtual setting. However, new tech-
nology is already helping to bridge this gap. [25] While stu-
dents did receive suture material and knot-tying practice kits
as a part of their overall surgical clerkship, recreating the op-
erating room environment would require an enormous under-
taking. For medical students, learning in the operating room
occurs by observing the key steps of the surgery and the per-
tinent anatomy, and demonstrating level-appropriate technical
skills through situated learning. [26] Therefore, outside the
context of the operating room, observing and participating in
team dynamics through scrubbing into an operation cannot
able to be replicated virtually. [13] In addition, the situational
awareness that students may develop through their experi-
ences in the operating room falls under the “hidden agenda”
or informal learning that only result from learning in the op-
erating room. [27] Lastly, the General Surgery clerkship often
serves as a gateway into a student’s exploration into the sur-
gical disciplines. In light of this, expansion of the curriculum
design into other surgical subspecialties may be an additional
area of interest and curriculum development in the future.

Conclusion

Although current times are unprecedented, it is likely that
medical school rotations will again be disrupted by unforeseen
circumstances or needs for social distancing in the future. This
possibility underscores the need for an effective, practicable
remote surgical curriculum that can be readily implemented in
response. While no virtual experience will ever fully replace
the in-person clerkship experience, a modified surgery clerk-
ship can be delivered through a virtual case-based curriculum
to utilize patient scenarios to teach medical students to assess
patients presenting with common surgical pathologies, to de-
scribe appropriate surgical treatments and peri-operative man-
agement, and to engage with surgical residents who can pro-
vide both feedback and career guidance—all without setting
foot in the hospital.

Acknowledgments The authors thank the following individuals for their
scientific discourse and contribution towards curriculum development:
Dr. Mir Shanaz Hossain, Dr. Vivek Karun, Dr. Breanna Perlmutter, Dr.
Justin Philip, and Dr. Avia Wilkerson.

Data Availability Not applicable

Compliance with Ethical Standards

Conflict of Interest Not applicable

Ethics Approval Study approved by Cleveland Clinic Foundation
Institutional Review Board (IRB#20-503)

107Med.Sci.Educ. (2021) 31:101–108



Consent to Participate and for Publication Not applicable

Code Availability Not applicable

References

1. Geary AD, Pernar, ELI, Chugh PV, Carter CO. Evaluation of a
preceptorship model on third-year general surgery clerkship. J.
Am. Coll. Surg. 2020.

2. Reid CM, Kim DY, Mandel J, Smith A, Talamini MA, Bansal V.
Impact of a third-year surgical apprenticeship model: perceptions
and attitudes compared with the traditional medical student clerk-
ship experience. J Am Coll Surg. 2014;218:1032–7.

3. Naylor RA, Reisch JS, Valentine RJ. Do student perceptions of
surgeons change during medical school? A longitudinal analysis
during a 4-year curriculum. J Am Coll Surg. 2010;210:527–32.

4. De SK, Henke PK, Ailawadi G, Dimick JB, Colletti LM.
Attending, house officer, and medical student perceptions about
teaching in the third-year medical school general surgery clerkship.
J Am Coll Surg. 2004;199:932–42.

5. Musunuru S, Lewis B, Rikkers LF, Chen H. Effective surgical
residents strongly influence medical students to pursue surgical
careers. J Am Coll Surg. 2007;204:164–7.

6. Brethauer SA, Poulose BK, Needleman BJ, Sims C, Arnold M,
Washburn K, et al. Redesigning a department of surgery during
the COVID-19 pandemic. J. Gastrointest. Surg. Springer US;
2020;:1–8.

7. American College of Surgeons. ACS COVID-19: elective case tri-
age guidelines for surgical care [Internet]. American College of
Surgeons; [cited 2020 Jun 3]. Available from: https://www.facs.
org/-/media/files/covid19/guidance_for_triage_of_nonemergent_
surgical_procedures.ashx

8. Ferrel MN, Ryan JJ. The impact of COVID-19 on medical educa-
tion. Cureus. 2020;12:e7492.

9. Rose S. Medical student education in the time of COVID-19.
JAMA. American Medical Association. 2020;323:2131–2.

10. Kern DE. Curriculum development for medical education: a six
step approach. Baltimore: Johns Hopkins University Press; 1998.

11. Aquifer and New York University Grossman School of Medicine.
WISE-MD [Internet]. Aquifer; [cited 2020 Sep 26]. Available from:
https://aquifer.org/courses/wise-md/.

12. American College of Surgeons. ACS/ASE Medical Student Core
Curriculum: essential content for Surgery Clerkships [Internet].
American College of Surgeons; [cited 2020 Sep 26]. Available
from: https://www.facs.org/education/program/core-curriculum.

13. Mann KV. Theoretical perspectives in medical education: past ex-
perience and future possibilities. Med Educ. 2011;45:60–8.

14. Whelan A, Prescott J, Young G, et al. AAMC guidance on medical
students’ participation in direct patient contact activities [Internet].
AAMC; [cited 2020 Jun 2]. Available from: https://www.aamc.org/

system/files/2020-04/meded-April-14-Guidance-on-Medical-
Students-Participation-in-Direct-Patient-Contact-Activities.pdf

15. Taglieri CA, Crosby SJ, Zimmerman K, Schneider T, Patel DK.
Evaluation of the use of a virtual patient on student competence and
confidence in performing simulated clinic visits. Am J Pharm Educ.
2017;81:87.

16. Stevens A, Hernandez J, Johnsen K, Dickerson R, Raij A, Harrison
C, et al. The use of virtual patients to teach medical students history
taking and communication skills. Am J Surg. 2006;191:806–11.

17. Deladisma AM, Johnsen K, Raij A, Rossen B, Kotranza A,
Kalapurakal M, et al. Medical student satisfaction using a virtual
patient system to learn history-taking communication skills. Stud
Health Technol Inform Stud Health Technol Inform. 2008;132:
101–5.

18. Kononowicz AA, Woodham LA, Edelbring S, Stathakarou N,
Davies D, Saxena N, et al. Virtual patient simulations in health
professions education: systematic review and meta-analysis by the
digital health education collaboration. J. Med. Internet Res. JMIR
Publications Inc., Toronto, Canada; 2019;21:e14676.

19. George P, MacNamara MMC, Gainor J, Taylor JS. An integrated
virtual family curriculum to introduce specialty-specific clinical
skills to rising third-year medical students. Teach Learn Med.
2013;25:342–7.

20. Krieger P, Goodnough A.Medical students, sidelined for now, find
new ways to fight coronavirus [Internet]. The New York Times
Available from: https://www.nytimes.com/2020/03/23/health/
medical-students-coronavirus.html

21. Marshall DC, Salciccioli JD, Walton S-J, Pitkin J, Shalhoub J,
Malietzis G. Medical student experience in surgery influences their
career choices: a systematic review of the literature. J Surg Educ.
2015;72:438–45.

22. Whittaker LD, Estes NC, Ash J, Meyer LE. The value of resident
teaching to improve student perceptions of surgery clerkships and
surgical career choices. Am J Surg. 2006;191:320–4.

23. Nguyen SQ, Divino CM. Surgical residents as medical student
mentors. Am J Surg. 2007;193:90–3.

24. Cortez AR, Winer LK, Kim Y, Hanseman DJ, Athota KP, Quillin
RC. Predictors of medical student success on the surgery clerkship.
Am J Surg. 2019;217:169–74.

25. McKechnie T, Levin M, Zhou K, Freedman B, Palter V,
Grantcharov TP. Virtual surgical training during COVID-19: oper-
ating room simulation platforms accessible from home. Ann. Surg.
2020;Publish Ahead of Print.

26. Lave J, Wenger E. Situated learning: legitimate peripheral partici-
pation. Cambridge: Cambridge University Press; 1991.

27. Eraut M. Non-formal learning and tacit knowledge in professional
work. Br J Educ Psychol. 2000;70:113–36.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

108 Med.Sci.Educ. (2021) 31:101–108

https://www.facs.org/-media/files/covid19/guidance_for_triage_of_nonemergent_surgical_procedures.ashx
https://www.facs.org/-media/files/covid19/guidance_for_triage_of_nonemergent_surgical_procedures.ashx
https://www.facs.org/-media/files/covid19/guidance_for_triage_of_nonemergent_surgical_procedures.ashx
https://aquifer.org/courses/wised/
https://www.facs.org/education/program/coreurriculum
https://www.aamc.org/system/files/2020-meded-pril-Guidancen-edical-tudents-articipationn-irect-atient-ontact-ctivities.pdf
https://www.aamc.org/system/files/2020-meded-pril-Guidancen-edical-tudents-articipationn-irect-atient-ontact-ctivities.pdf
https://www.aamc.org/system/files/2020-meded-pril-Guidancen-edical-tudents-articipationn-irect-atient-ontact-ctivities.pdf
https://www.nytimes.com/2020/03/23/health/medical-tudentsoronavirus.html
https://www.nytimes.com/2020/03/23/health/medical-tudentsoronavirus.html

	Efficacy of Virtual Case-Based General Surgery Clerkship Curriculum During COVID-19 Distancing
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study Setting
	Virtual Curriculum Development and Design
	Statistical Analysis

	Results
	Student Participation and Pre-course Perspectives
	Positive Reception of Virtual Patient Case-Based Curriculum
	Students Demonstrate Increased Clinical Confidence After Completing Virtual Curriculum
	Post-course Survey Demonstrates Positive Impact of Virtual Curriculum on General Surgery Knowledge Retention and Career Interest

	Discussion
	Conclusion
	References


