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ABSTRACT

Background The COVID-19 pandemic forced an abrupt reevaluation of traditional subinternship models in surgical education,
with the adoption of virtual subinternships (VSIs) emerging as a prominent response. This review assesses VSIs as a cost-
effective, equitable alternative, especially as virtual education continues since the end of the Federal COVID-19 Public Health
Emergency and may be crucial in future crises.

Objective Our research question asks how curriculum delivery, learner outcomes, and interpretation of program fit occur
within the VSI model.

Methods A thorough systematic review was conducted across multiple databases, including PubMed, Web of Science, Google
Scholar, and Embase, adhering to PRISMA guidelines, and spanning publications in English from January 2020 to June 2023.
Studies were selected based on review of VSI curriculum content, delivery formats, evaluation techniques, and student
outcomes. Exclusion criteria encompassed non-original research or articles lacking comprehensive curriculum descriptions and
associated outcomes. We assessed bias in study selection through independent double review and synthesized findings using
thematic analysis.

Results Of 1436 articles, 13 met the inclusion criteria. They encompassed a range of surgical fields and highlighted the diverse
approaches to VSI implementation. Key themes included the integration of interactive learning sessions, balance between
imparting knowledge and program familiarization, and mixed methods of program evaluation. Despite high student
satisfaction reported, faculty feedback indicated it was difficult to provide an evaluation of student skills in this context and
more challenging to assess students’ fit for residency programs.

Conclusions VSIs were effective in delivering curriculum and engaging learners, highlighting diverse implementation approach
challenges in assessing student skills and program fit.

Introduction

The landscape of surgical education has undergone a
pivotal transformation in response to the challenges
posed by the COVID-19 pandemic.1 Traditionally,
subinternships have been vital for medical students
across all surgical specialties to gain critical hands-
on experience and make informed career decisions.2

Surgical subspecialties, already relying heavily on
away rotations as part of the residency application
process, were particularly invested in converting to
virtual formats.1-5 Innovative virtual curriculums
have emerged to provide an immersive and compre-
hensive overview of surgical fields.6-8 This transition
to virtual subinternships (VSIs) is not just a stopgap
but a progressive step in medical education, offering

a range of benefits from removing geographical limi-
tations to reducing costs and granting learning flexi-
bility. However, this paradigm shift also introduces
challenges, particularly in maintaining educational
quality during virtual rotations.

This review presents a critical analysis of VSIs
across diverse surgical fields, examining curriculum
content, delivery methods, and evaluation techniques,
and highlighting disparities in the existing literature.
Given the pivotal role that subinternships play in
both undergraduate medical education and graduate
medical education for evaluating and selecting resi-
dency applicants, understanding the value and limita-
tions of these virtual rotations is crucial. This synthesis
is needed to inform program directors and educators
whether VSIs can be successfully maintained or reimple-
mented, especially in contexts where in-person learning
is not feasible. By assessing these varied contributions,
this article provides a comprehensive perspective on the
structure of VSIs in surgical education, emphasizing the
importance of these pioneering studies and charting a

DOI: http://dx.doi.org/10.4300/JGME-D-24-00381.1

Editor’s Note: The online supplementary data contains the curriculum
components of virtual subinternship (VIS) studies and a VSI
assessment and outcome summary.
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course for future exploration and refinement in this
evolving area of medical training.

Methods
Design

Our research question examines how curriculum
delivery, learner outcomes, and interpretation of pro-
gram fit occur within the VSI model in surgical
education, which emerged during the COVID-19
pandemic. To address this question, we conducted a
systematic review of the literature, following Pre-
ferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines to identify and
synthesize studies that examined the implementation,
content, and evaluation of VSIs across diverse surgi-
cal specialties (FIGURE 1). A systematic review was
chosen to ensure a comprehensive and unbiased syn-
thesis of available evidence, providing a structured
evaluation of VSI effectiveness and limitations. This
review was not registered.

Search Strategy

A comprehensive literature search of English-language
articles was performed across PubMed, Web of Science,
Google Scholar, and Embase databases from January
2020 to June 2023. The search strategy included key-
words and Medical Subject Headings (MeSH) terms
related to “virtual sub-internships,” “surgical educa-
tion,” “COVID-19,” and specific surgical specialties

(see BOX). The search strategy was developed itera-
tively, with multiple revisions to ensure comprehen-
siveness and accuracy. The process included refining
search terms and incorporating feedback from prelimi-
nary searches to capture the broadest range of relevant
studies.

Inclusion and Exclusion Criteria

Studies were included if they were original research
articles focusing on VSIs across any surgical specialty,
and described the curriculum content, delivery format,
evaluation methodologies, and outcomes (FIGURE 1).
Studies were excluded if they were non–original research
such as reviews, editorials, or commentaries; if they
did not relate to surgical specialties or VSIs; or if the
article did not include a full description of the curric-
ulum content and outcomes. The rationale for these
criteria was to focus on original research that provides
direct evidence about the effectiveness and structure
of VSIs.

Study Selection

Two investigators independently screened titles and
abstracts to identify eligible studies. Full-text reviews
were then conducted to confirm eligibility. Discrep-
ancies were resolved through discussion and consen-
sus, with a third investigator consulted if necessary.
The PRISMA flow diagram (FIGURE 1) illustrates the
study selection process aimed to minimize bias and
enhance the reliability of the study selection.

Data Extraction

Data were extracted using a standardized form, cap-
turing details such as authors, publication year,
study design and duration, and a comprehensive
description of each VSI, including learning objectives
and educational outcomes (TABLE). The extracted
data were independently reviewed by 2 researchers
to ensure accuracy. Any disagreements were dis-
cussed and resolved through consensus meetings.
Due to the heterogeneous nature of the articles and
the lack of standardization, a meta-analysis would
not be appropriate.

Records identified from: 
Databases (n = 1,436) 

Records removed before screening : 
Duplicate records removed  
(n = 865) 
Records marked as ineligible by 
automation tools (n = 163) 
Records removed for other reasons 
(n = 203) 

Records screened 
(n = 205) 

Records excluded due to irrelevance, 
incomplete study, or incorrect article 
type (n = 142) 

Reports sought for retrieval 
(n = 63) Reports not retrieved (n = 6) 

Reports assessed for eligibility 
(n = 57) Reports excluded: 

No outcomes reported (n = 17) 
Single-day or lecture series (n = 9) 
In person focus (n = 4) 
Virtual learning for residents (n = 14) 

Studies included in review 
(n = 13) 
Reports of included studies 
(n = 13) 

Identification of studies via databases and registers 
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FIGURE 1
PRISMA Diagram
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

BOX List of Search Terms Used

‘virtual sub-internship’ OR ‘remote learning’ OR ‘online
surgical education’ OR ‘tele-education’ OR ‘surgical
specialties’ OR ‘virtual surgery rotation’ OR ‘COVID-19 and
surgical training’ OR ‘digital learning in surgery’ OR ‘virtual
medical training’ OR ‘surgical residency education’ AND
‘surgical subspecialties’
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TABLE

Overview of Virtual Subinternship Studies and Program Objectives

Subspecialty Authors Institution Duration Time Perioda No. of
Students

Curriculum Objectives

Neurosurgery Hoffman
et al14

Beth Israel
Deaconess
Medical
Center

1 week Fall 27 & Recreate essential components of
the traditional subinternship

& Demonstrate the effectiveness of the
virtual subinternship

& Gauge the interpersonal skills,
teamwork, and baseline
neurosurgical knowledge of
participating students

Orthopedic
surgery

Haws et al13 University of
Rochester

2 two-week
sessions

October to
November

24 & Multiple components intended to
maximize educational value

& Provide insight into the program
and culture

& Allow interaction with a variety of
residents and faculty members

Yellin et al21 Harvard
University

3 three-week
rotations

July to
September

61 & Faculty to “meet” and assess
participants

& Participants to “meet” and assess
residents, faculty, hospitals, and
educational program

& Supplement the orthopedic
education of participants

Otolaryngology Bernstein
et al9

UC San Diego
School of
Medicine

2-week
course

September to
November

21 & Didactic learning
& Opportunity for mentorship
& Exposure to subspecialties
& Professional development and fit
assessment

Byrnes et al2 Perelman
School of
Medicine at
the
University of
Pennsylvania

2-week
course

May to June 6 & Active participation
& Innovative and interactive livestream
& Operating room experience
& Virtual clinic
& Didactic components

Laitman
et al15

Icahn School of
Medicine
at Mount
Sinai

2-week
course

August to
September

12 & Create a substitute for visiting
electives suspended due to the
COVID-19 pandemic

& Focus on learning first-hand about
the culture, infrastructure, strengths,
and weaknesses of a place future
residents/students may one day call
home

Lee et al16 Vanderbilt
University
School of
Medicine

4-week
course

August to
November

49 & Improve otolaryngology-specific
knowledge

& Help applicants show specific
program interest, without the
financial and logistical challenges
associated with in-person away
rotations

Plastic surgery Dinis et al11 Yale University Not
specified,
but
mirrored
traditional
rotation

Fall 11 & Virtual subinternship as an
educational and recruitment
platform

Egro et al12 University of
Pittsburgh

5 two-week
rotations

August to
October

20 & Opportunity to gain plastic surgery
knowledge

& Improve applicants’ chances of
matching into a program they are
interested in

Reghunathan
et al19

Multi-institution A: 4 weeks
part-time

B/C: 2 weeks
full-time

Summer and
Fall

A: 16
B: 21
C: 30

& Program fit
& Interaction with residents
& Faculty mentorship
& Improved didactic knowledge
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Data Synthesis and Analysis

Themes were developed through a thematic analysis
approach. Two researchers independently coded the
data to identify recurring themes related to curricu-
lum content, delivery methods, and evaluation tech-
niques. Regular meetings were held to discuss and
resolve any discrepancies, enhancing the reliability
and strengthening the levels of content and construct
validity evidence for the findings. The thematic anal-
ysis was iterative and recursive, ensuring a thorough
understanding and interpretation of the data.

Results

From the 1436 total articles identified using the spec-
ified search terms, 13 of the 57 assessed for eligibil-
ity after screening, met the criteria for inclusion in
this review. The remaining 44 articles were excluded
because they focused on in-person subinternships
(n=4), pertained to virtual learning and lectures dur-
ing residency training without discussion regarding
subinternships (n=14), were single-day events (n=9),
or were theoretical without outcomes listed (n=17).
Of the 13 studies selected, 4 were published in oto-
laryngology, 3 in plastic surgery, 2 in urology, 2 in
orthopedic surgery, 1 in vascular surgery, and 1 in
neurosurgery.5,9-21 Study size ranged from 6 to 61
participants and lasted on average 1 to 4 weeks
across institutions. We evaluated the quality of the

included studies using a thematic analysis approach,
which highlighted variability in study design, sample
size, and evaluation methods. The lack of standardized
assessment tools across studies was a recurring limita-
tion, which complicates direct comparisons between
programs. Additionally, none of the included studies
utilized questionnaires with established levels of valid-
ity evidence, underscoring the need for standardized
methodologies in future VSI evaluations.

Course Objectives and Content

In our analysis of VSI studies, we identified 2 central
themes in course objectives that are outlined in the
TABLE. The majority of the studies, accounting for
77% (10 of 13), focused on a dual approach com-
bining specialty-specific knowledge with an intro-
duction to the unique aspects of their specialty or
program. Studies by Byrnes et al, Laitman and Lon-
dino, and Lee et al deviated from this trend.10,15,16

Objectives in these studies prioritized personal growth
and alignment with the residency program’s culture
over the explicit goal of knowledge acquisition.

Key patterns emerged in content and delivery
methods and are outlined in online supplementary
data TABLE 1. Interactive learning, a core component
in all programs, included modalities like Q&A pan-
els, group discussions, and case reviews as described
in the flow diagram represented by FIGURE 2. These

TABLE

Overview of Virtual Subinternship Studies and Program Objectives (continued)

Subspecialty Authors Institution Duration Time Perioda No. of
Students

Curriculum Objectives

Urology Margolin
et al17

Columbia
University

2 four-week
rotations

September
and
October

8 & Teach foundational urologic
knowledge, pertaining to the 6
ACGME core competencies and
urology milestones

& Assess students’ individual
capabilities and potential to succeed
as residents

& Highlight the culture, structure, and
unique strengths of the program

& Assess students’ compatibility as
potential future residents in the
program

Williams
et al20

Perelman School
of Medicine
at the
University of
Pennsylvania

2 two-week
rotations

May 10 & Expose students to urology while
advancing their foundational
knowledge of urologic evaluation
and management

Vascular Patel et al18 Louisiana State
University
Health
Sciences
Center

4 two-week
rotations

July and
August

25 & Use existing virtual learning
platforms to provide students with a
fundamental education in vascular
surgery and an appreciation of the
lifestyle, opportunities, and realities
of a career in vascular surgery

a All virtual subintership programs evaluated took place in 2020 and table order is alphabetical by specialty followed by author.
Abbreviation: ACGME, Accreditation Council for Graduate Medical Education.
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were often coupled with didactic sessions, which
were integrated into existing departmental education
events such as grand rounds or tumor board in 85%
(11 of 13) of studies. Self-paced educational materi-
als, which allow students to learn outside of sched-
uled hours, were highlighted in the curriculum of
62% (8 of 13) of programs. These materials ranged
from prerecorded lectures to self-guided modules.
Small group formats, used to facilitate active partici-
pation and teamwork, were emphasized in approxi-
mately 69% (9 of 13) of the studies. This approach
was particularly valuable in programs with a larger

number of students, as exemplified in the study by
Hoffman et al, which grew from 11 to 27 partici-
pants over a 2-month period.14

FIGURE 3 highlights common curricular compo-
nents across all studies. Forty-six percent (6 of 13)
of programs offered virtual yet immersive insights
into surgical procedures through operating room
tours and live-streamed surgeries. Less frequently
included content involved telehealth clinic exposure,
featured in only 23% (3 of 13) of studies, with some
programs omitting this due to HIPAA (Health Insur-
ance Portability and Accountability Act) concerns.
Hands-on simulations or workshops appeared in 31%
(4 of 13) of studies, indicating diverse approaches to
experiential learning. Interactive platforms like dis-
cussion boards (15%, 2 of 13) and social media (8%,
1 of 13) were utilized in a few studies, demonstrating
innovative methods to enhance collaboration and engage-
ment in the virtual learning environment.

Rotation Duration and Seasonal Distribution

An analysis of rotation durations revealed that 2-week
rotations were the most common, representing 46% (6
of 13) of programs. This includes 2 of the 3 studies
reported by Reghunathan et al. One-week rotations com-
prised 8% (1 of 13), while 4-week rotations accounted
for 31% (4 of 13), including one study by Reghunathan
et al. The remaining program had an unspecified

FIGURE 3
Bubble Graph of Common Virtual Subinternship
Components
Abbreviation: OR, operating room.

FIGURE 2
Flow Diagram of Virtual Subinternship
Abbreviation: OR, operating room.
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duration. Most rotations (62%, 8 of 13) occurred dur-
ing the summer (May to August), while 39% (5 of
13) took place in the fall (September to November).
Notably, Reghunathan et al’s research encompassed 3
studies, each with distinct durations, contributing to
both the 2-week and 4-week rotation categories.

Assessment and Evaluation

Online supplementary data TABLE 2 outlines the
assessment and curricular outcomes of each study. In
over half of these studies (54%, 7 of 13), student
knowledge was subjectively self-assessed versus
objectively scored (15%, 2 of 13) or not specifically
assessed (31%, 4 of 13). This primarily involved
self-assessment tools and questions gauging students’
comfort and familiarity with content topics in the spe-
cific surgical specialty. The 2 studies utilizing objective
tools to evaluate learning outcomes, referenced above,
reported significant improvements in student scores
following participation in the VSI.11,21 However, in
the remaining 4 studies, there was a noticeable shift in
focus. These programs did not specify outcomes
related to medical content. Instead, they placed a
greater emphasis on ensuring that students understood
program details and fit. Seventy-seven percent of pro-
grams (10 of 13) included a final presentation by each
student as part of the curriculum. This component
served as an opportunity for students to showcase
their knowledge and experience, akin to an end-of-
rotation presentation typically seen in in-person pro-
grams. This element of the VSIs not only provided a
platform for students to demonstrate their learning
but also facilitated a familiar evaluative process for
faculty to assess student progress and understanding.

Student Experience

All of the programs reported high levels of student
satisfaction or a willingness to recommend the VSI,
reflecting positively on the structure, activities, and
overall utility of these programs, especially consider-
ing the limitations imposed by the COVID-19 pan-
demic. The most highly rated aspects across studies
were interactive and realistic learning opportunities,
which included telehealth sessions, virtual operating
room, consult sessions, case presentations, and online
modules. These components were consistently appre-
ciated by students for their engagement and rele-
vance. While the study by Patel et al stood out for its
inclusion of at-home suture stations for knot-tying
practice, it was observed that student understanding
of these techniques did not show significant improve-
ment compared to the understanding of vascular con-
cepts presented in a didactic format.18

Students universally felt they had gained sufficient
insight into the dynamics of each individual residency

program through the VSI. All studies reported stu-
dent satisfaction with their faculty and resident inter-
actions, indicating effective virtual networking and
relationship-building opportunities. Four studies spe-
cifically reviewed students’ perceptions of the resi-
dency program following VSI participation.9,11,13,19

These studies reported an increase in comfort and
familiarity with the residency program, leading to an
overall positive perception of the program. The study
by Reghunathan et al, which encompassed 3 institu-
tions, highlighted a notable shift in student percep-
tions post-VSI.22 Students were more inclined to view
the program’s residents favorably, less likely to con-
sider research opportunities or location as draw-
backs, and ranked the programs an average of 4.7
points higher post-rotation compared to pre-rotation.
This outcome suggests a significant impact of VSIs on
students’ perceptions and preferences regarding resi-
dency programs.

Faculty Experience

Analysis of faculty feedback from 54% (7 of 13) of
VSI programs revealed mixed outcomes. Three stud-
ies reported faculty difficulties in evaluating virtual
rotators’ personalities, interpersonal skills, and work
ethic.11,13,18 Studies by Dinis et al and Patel et al
noted a significant challenge for faculty in gauging
students’ suitability for their programs, a contrast to
students’ more positive perceptions of gaining program
insights from the VSI experience.11,18 Conversely, stud-
ies by Egro et al and Hoffman et al indicated less diffi-
culty in evaluating program fit through VSI.12,14 In the
study by Hoffman et al, 83% of faculty felt confident
in determining student fit for their program, with 33%
stating that their VSI experience would directly influ-
ence their residency ranking decisions.14 These diverse
faculty experiences highlight the nuanced challenges
and potential benefits of assessing student competen-
cies and fit within virtual environments.

Opportunities to Connect in VSIs

Our analysis of VSI programs revealed significant
incorporation of social and mentorship elements. In
terms of social interactions, 69% (9 of 13) of the
programs integrated purely social virtual events into
their curricula. These events varied in format, includ-
ing weekly social networking opportunities with resi-
dents discussing life outside of the hospital in specific
cities and meet-and-greet events. These social gatherings
often involved both faculty and residents, fostering an
informal and engaging environment for participants.

Mentorship was another key component in 54%
(7 of 13) of the studies. The structure of mentorship
varied: 3 programs assigned both faculty and
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resident mentors, 2 programs had only resident men-
tors, and 2 others organized specific sessions dedi-
cated to mentorship without individual assignments.
All 7 programs that included mentorship cited it as a
valuable aspect of the curriculum. In the 3-institution
analysis by Reghunathan et al, institutions with one-
on-one mentorship saw a higher number of students
achieving their mentorship goals with faculty, com-
pared to the institution without a structured mentor-
ship component.19 This suggests the effectiveness of
direct mentorship in fulfilling students’ mentorship
expectations in a virtual setting.

Discussion

The integration of VSIs across surgical specialties
during the COVID-19 pandemic maintained educa-
tional momentum while ensuring learner engagement.
Essential aspects of traditional in-person rotations,
including interactive learning sessions, clinical and sur-
gical lectures, and resident and faculty engagement
were replicated to maintain the integrity of medical
education during tumultuous times.19,23,24 High stu-
dent satisfaction with VSIs was observed, though fac-
ulty reported challenges in assessing student skills and
program fit in the virtual format.20,21

Enhancing Accessibility and Diversity

The various limitations on in-person away rotations
may differentially affect applicant cohorts, poten-
tially impacting diversity in residency programs.25

VSIs offer enhanced accessibility in medical education
by removing geographical and financial barriers.26,27

Studies like those by Yellin et al and Reghunathan et al
highlight how VSIs have allowed for broader participa-
tion, especially during the COVID-19 pandemic.21,22

The ability for increased participation in virtual
orthopedic rotations and the corresponding high
rate of interview invitations to matriculation of par-
ticipants reflect this outreach. Concerns surrounding
potential lack of clinical exposure and consequently
interview invitations for applicants after VSIs were
also prevalent, as a study from Tawfik et al revealed.28

Despite this, the transition to virtual learning curricula
for away rotations may decrease the financial burden
and allow students the continued opportunity to
match at programs previously inaccessable.29

The inclusion of diverse learning formats, such as
asynchronous and synchronous content and a blend
of case discussions and mentorship, caters to varied
learning preferences and schedules. VSIs present an
opportunity for medical students to engage in more
away rotations than traditionally feasible, addressing
the challenge of overlapping rotation schedules and
graduation requirements at different institutions. This

approach has the potential to attract a more diverse
pool of medical students, as indicated in the works of
Asaad et al and Radwanski et al.26,30

Evaluation of Program Compatibility and Fit

All included studies underscore the role of VSIs
in communicating program culture and differences
between residency experiences. Medical students in the
2020-2021 Match cycle struggled to evaluate program
features, while virtual platforms for outreach and net-
working, introduced during the COVID-19 pandemic,
significantly shaped the application process.31,32 The
predominance of 2-week rotations (46%, 6 of 13) sug-
gests that this duration strikes a balance between suffi-
cient exposure and accommodating more students.
The majority of rotations (62%, 8 of 13) occurred in
the summer, likely aligning with students’ schedules
and allowing participation before residency applica-
tions. Despite variations in duration and timing, stu-
dent satisfaction remained consistently high, indicating
that VSIs can be effective across different formats.

Moreover, these virtual experiences aid faculty in
assessing students’ fit for their residency programs, a
critical aspect for residency placement where culture
and fit are as crucial as technical knowledge. Haws
et al highlighted the need for specific resident-only
social events for more quality interaction and fit
assessment.13 Studies like those by Hoffman et al
and Raghunathan et al highlight the value of these
interactions in reinforcing the importance of evaluat-
ing students’ compatibility with their future pro-
gram.14,19 This level of insight typically emerges
during the residency application screening or inter-
view stages, where time constraints limit the depth
of evaluation for both parties. VSIs can present an
opportunity to gather more comprehensive informa-
tion aiding in more informed decisions during each
phase of the Match process for more individuals
than could be accommodated in-house.14

Challenges and Limitations of VSIs

While VSIs offer many benefits, they come with inher-
ent challenges and limitations. One notable drawback
is the inability to fully replicate certain hands-on expe-
riences, such as knot-tying in vascular surgery, which
remains a crucial skill in surgical training.18 At-home
suture labs attempted to bridge this gap but remain
distinct from in-person experiences. Programs that
considered live streaming or recording surgical proce-
dures encountered technical and patient privacy issues,
limiting their ability to fully replicate in-person
subinternships.18

The virtual format poses challenges in building rela-
tionships between students and programs, as it often
lacks the informal interactions crucial for interpersonal
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connection, despite facilitating virtual discussion.33

Additionally, the variability in study designs, sample
sizes, and evaluation methods across the included
studies affects generalizability of these findings. The
absence of standardized assessment tools across the
studies limits internal validity and makes direct com-
parisons difficult. Similarly, limitations of our research
process include reliance on published data and the
absence of a standardized assessment tool across the
reviewed studies.

Future Directions in VSIs

Future research should evaluate the balance between
educational quality and faculty workload. Smaller
cohorts, increased faculty-to-student ratios, and a screen-
ing process for applicants may optimize resources.18,21

Additionally, future studies should prioritize the use
of standardized assessment tools to accurately mea-
sure VSI effectiveness on learner outcomes and pro-
gram fit. Research on long-term outcomes of VSI
participation, including impacts on residency perfor-
mance and career satisfaction, would help estimate
the extended value of virtual rotations. To further
refine these virtual programs, feedback indicates a
need for more opportunities for students to demon-
strate their skills and competencies. This could be
achieved through active workshops and graded assign-
ments that challenge students’ motor skills or ability
to work as a team, especially in surgical fields.

Deviations From Best Practices

Several deviations from best practices were noted
during the rapid implementation of VSIs. As men-
tioned, the absence of formal interrater reliability
and standardized thematic analyses limited the abil-
ity to compare studies directly.

It is important to note that restricting the litera-
ture search to articles in English and using only the
aforementioned databases may have resulted in the
omission of other relevant studies, particularly those
published in other languages or indexed in databases
not included in our search strategy. Challenges illus-
trated include difficulty of maintaining methodologi-
cal rigor under the constraints of an urgent and
evolving global crisis.

Conclusions

VSIs have proven effective in delivering curriculum
content and engaging learners across surgical special-
ties, with consistently high levels of student satisfaction.
Despite this success, challenges remain in assessing stu-
dent skills and evaluating residency program fit in a
virtual setting.
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