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Background: Orthopaedic surgery residency program directors (PDs) and candidates consider interviews to be central to the
applicationprocess. In-person interviewsare typical, but virtual interviewspresent apotentially appealingalternative.Candidateand
PDexpectations and perceptions of virtual interviews during the 2020/2021orthopaedic surgery application cycle were assessed.
Methods: Candidates and PDs were surveyed electronically. Questions covered pre–virtual-interview and post–virtual-
interview expectations and perceptions, and past in-person experiences (PDs and reapplicants) on the relative importance
of application components, ability to assess fit, interview costs, and preferred interviewmode. Identical questions allowed
between-group comparisons.
Results: Responses included n = 29 PDs and n = 99 candidates. PDs reported diminished ability to assess candidate fit;
social, clinical, and surgical skills; and genuine interest in the virtual context (each p £ 0.01). They placed greater importance on
research and less on the interview in the virtual vs. in-person context (each p= 0.02).Most candidates (78%) reported fair/good
ability to demonstrate potential and were better able to assess research opportunities than expected (p < 0.01). Candidates
expected virtual interviews to increase the importance of research, transcripts, and recommendations (for each, p £ 0.02) and
decrease the importance of the interview itself (p < 0.01). Compared with PDs, candidates overvalued research, United States
Medical Licensing Examination scores, transcripts, and recommendations (each p £ 0.02) and may have slightly undervalued
the virtual interview (p = 0.08). Most candidates (81%) and PDs (79%) preferred in-person interviews, despite both groups
reporting monetary savings.
Conclusions: Despite cost savings associated with virtual interviews, orthopaedic surgery residency PDs and candi-
dates identified reduced abilities to assess candidate or program fit and displayed a preference for in-person interviews.

T
he orthopaedic surgery residency application process is
undergoing substantial changes, including transition of
United States Medical Licensing Examination (USMLE)

Step 1 to pass/fail1. In 2020, this shifting landscape was unex-
pectedly thrust into greater upheaval with the emergence of the
novel coronavirus disease 2019 (COVID-19). Global in scope
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and broader in impact than any previous natural disaster, the
greatest effect of the COVID-19 pandemic on undergraduate
medical education was the widespread shift to virtual interac-
tions and temporary removal of medical students from hos-
pitals in 20201-7. As the Association of American Medical
Colleges (AAMC) recommended, traditional in-person resi-
dency candidate interviews were suspended in favor of virtual
interviews in the 2020/2021 cycle.

In transitioning from the traditional in-person format,
residency programs tried to maximize the effectiveness of
virtual interviews despite navigating largely uncharted terri-
tory. According to the AAMC, components of the interview
process which programs sought to replicate virtually included
faculty and panel interviews, group activities, resident inter-
action, role-playing activities, and facility tours. Virtual
“happy hours” with residents, video tours of facilities, and
increased supplemental information about the program and
city were also proposed to maximize the experience for both
candidates and programs8. In light of these novel develop-
ments, the orthopaedic literature is in need of studies as-
sessing the impact of COVID-19 and virtual interviews on the
application process.

Here, we report the results of a survey of US orthopaedic
surgery candidates and program directors (PDs) during the 2020/
2021 residency application cycle. Our primary purpose was
to determine whether, on the basis of recent experiences,
orthopaedic surgery candidates and PDs preferred a specific
format for residency interviews. Secondary outcomes
included assessments of PD and candidate perceptions of
the importance of each component of the application
package/process in virtual vs. in-person contexts. In addi-
tion, pre–virtual-interview expectations and immediate
post–virtual-interview perceptions of PD ability to assess
candidate fit, and vice versa, were addressed. Our primary
hypothesis was that a higher proportion of candidates and
PDs would prefer in-person interviews vs. virtual interviews.
The null hypothesis was that neither group would express a
preference.

Materials and Methods
Surveys

The PD and 2 research residents at a hybrid (academic-
community) orthopaedic surgery residency program

developed and distributed 2 anonymous, electronic surveys
to orthopaedic surgery PDs and 2020/2021 candidates using
QualtricsXM software (Qualtrics International). Estimated time to
complete either survey was 5 to 10minutes. The local Institutional
Review Board (IRB) determined that the study was exempt from
IRB oversight. Full surveys are presented in Appendices 1, (PDs),
and 2, (candidates). After initial distribution, 2 reminders were
delivered 3 and 4 weeks later.

Potential candidate respondents were recruited by email
from the list of 506 applicants to the authors' residency pro-
gram. An assumption of the study is thus that the available
recruitment pool is representative of the total population of
1,289 candidates in the 2020/2021 cycle. After excluding this

study’s home institution, a list of 196 potential PD respon-
dents was compiled using the direct email addresses for pri-
mary PDs representing actively interviewing programs
accredited by the Accreditation Council for Graduate Medical
Education.

A screening question excluded any potential respondents
who had not participated in virtual interviews during 2020/2021.
Candidates and PDs provided basic information related to
the application and interview process. Each survey presented
candidates and PDs with the same sets of questions on the im-
portance of different application components in the context of
in-person and virtual interviews, rated using a Likert scale.
Components included research, leadership, USMLE Step scores,
medical school transcripts, letters of recommendation, and the
interview itself.

Candidates were asked to rate their ability to assess
program qualities in 2 ways: (1) expected ability before virtual
interviews and (2) after completing virtual interviews. Quali-
ties included program culture, city culture, research opportu-
nities, facilities, and curriculum/structure. Candidates were
asked to rate their ability to demonstrate their potential fit to
programs. Reapplicants were asked additional questions re-
garding previous in-person experiences.

PDs were asked to rate their ability to assess candidate
qualities in 3 ways: (1) perceived ability from past in-person
experiences, (2) expected ability before virtual interviews, and
(3) perceived ability after completing virtual interviews. Can-
didate qualities included competitiveness, program fit, social
skills, clinical skills, surgical skills, and genuine interest in the
program. The PD survey included questions about the ability
to demonstrate program strengths and additional preparatory
considerations for virtual interviews. All respondents were
asked for their preferred interview modality and could provide
free-text commentary.

Statistical Analysis
Statistical analysis was performed in SAS 9.4 (SAS Institute),
with significance set to a = 0.05. Response frequencies were
calculated for each survey question within each cohort. For
questions where statistical hypothesis testing was performed,
numerical values were assigned to response levels and data were
treated as ordinal. For importance of application components,
values were 1 = not at all, 2 = slightly, 3 = moderately, 4 = very,
and 5 = extremely. For ability to assess program/candidate
attributes, values were 1= could not assess, 2= poor, 3= fair, 4=
good, and 5 = excellent. Wilcoxon rank-sum tests were used to
compare candidates and PDs for responses on application
component importance. Within candidates, questions on ap-
plication component importance, and preinterview/postinter-
view responses on ability to assess programs, were compared
using Wilcoxon signed-rank tests. Within PDs, questions on
application component importance were compared using Wil-
coxon signed-rank tests, and responses about ability to assess
candidate fit were compared between in-person, pre–virtual-
interview, and post–virtual-interview contexts using Friedman
tests.
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Reapplicant data were analyzed independently as a sen-
sitivity analysis of between-group comparisons, treating re-
applicants as a separate group (Kruskal-Wallis tests). The
hypothesis was that reapplicants would align more closely with
PDs than first-time applicants.

Results

Completed surveys were submitted by n = 29 PDs (15%
response rate) and n = 99 candidates (20% response rate)

who participated in virtual interviews. Among candidates, n = 12
were reapplicants. The sensitivity analysis found their responses
did not differ from first-time candidates, so only pooled candi-
date results are presented.

PDs
Most PDs identified as heading university-based programs
(69%). Fewer represented community (21%) or hybrid (10%)
programs. Most programs accepted 4 or fewer residents per
year (2: 7%, 3: 17%, 4: 35%, 5: 17%, 6: 17%, and 8 or more:
7%). Nearly all programs (97%) hosted somewhat or signifi-
cantly fewer in-person rotations in 2020, and only 31% hosted
virtual rotations. Most PDs (59%) interviewed 76 to 100
candidates in 2020/2021 (50 or fewer: 3%; 51 to 75: 14%; 101
to 125: 17%; and 126 or more: 7%), and most (72%) reported
their numbers were the same as previous years (somewhat
fewer: 7% and somewhat more: 21%). Virtual interviews re-
sulted in 52% of PDs holding more interview days, but 48%
held the same number. Roughly half (55%) of PDs invested in
new/updated technology to support virtual interviews, but
83% reported spending less/significantly less money to support
interviews compared with previous cycles (the same: 14% and
more: 3%).

Fig. 1 presents response distributions for importance of
application components. PDs placed greater importance on
research (S = 67.5, p = 0.02) and less on the interview (S =
–67.5, p = 0.02) in the virtual context vs. in-person. Fig. 2
presents response distributions for ability to assess candidate
fit. The ability to assess competitiveness was similar for in-
person experiences, pre–virtual-interview expectations, and
post–virtual-interview observations (x2 = 1.08, p = 0.58). All
remaining categories of ability to assess fit in virtual contexts
were diminished vs. in-person (for each, x2 ‡ 8.60, p £ 0.01).
Overall, PDs’ ability to demonstrate program strengths vir-
tually was fair (38% ± 9.0%) or good (52% ± 9.3%), but the
majority (79% ± 7.6%) stated they preferred in-person
interviews (Fig. 3). A representative sample of PD free-text
responses is presented in Table I.

Candidates
Most candidates (75%) applied to 51 to 125 programs (51 to
75: 15%; 76 to 100: 38%; and 101 to 125: 22%). For 51%, this
was the same number they would have applied to if interviews
were in-person; 48% applied to some/significantly more
because of virtual interviews. Lack of travel influenced the
choice to apply to more programs for 46% of candidates; 53%
would have applied to the same number regardless of travel.

Just 16% of candidates applied to residencies in specialties
other than orthopaedic surgery. Most candidates completed 2
to 3 rotations (62%) among home, away, and virtual (1 or
none: 17%; 4 or more: 21%).

Compared with in-person, candidates expected that in
virtual interviews, programs would place greater importance
on candidate research (S = 599.0, p = 0.02), transcripts (S =
595.5, p = 0.01), and letters of recommendation (S = 1,189.5,
p < 0.01), while placing less emphasis on the virtual inter-
view itself (S = 21,191.0, p < 0.01) (Fig. 1). Candidate
expectations of the in-person context were broadly in line
with PD; however, candidates tended to place greater
importance on research (W = 23.71, p < 0.01) and USMLE
Step scores (W = 32.21, p < 0.01). In the virtual context,
candidates overvalued research (W = 20.46, p < 0.01),
USMLE Step scores (W = 27.77, p < 0.01), transcripts (W = 5.64,
p = 0.02), and letters of recommendation (W = 8.93, p < 0.01)
relative to PDs, and there was a trend toward candidates un-
dervaluing the virtual interview itself (W = 3.02, p = 0.08)
(Fig. 1).

Candidates reported being better able to assess program
research opportunities than they expected before virtual
interviews (S = 822.0, p < 0.01), with trends toward better-
than-expected abilities to assess program culture (S = 529.5,
p= 0.06), as well as program curriculum and structure (S= 491.5,
p = 0.06). Overall, candidates felt virtual interviews provided
them with fair (36% ± 4.8%) to good (42% ± 5.0%) ability to
demonstrate their potential to programs (although 20% ± 4.0%
reported poor or no such ability). Accordingly, 81% ± 3.9% of
respondents stated they preferred in-person interviews (Fig. 3).
A representative sample of candidate free-text responses is pre-
sented in (Table II).

Discussion

This survey provides insight into expectations and percep-
tions of orthopaedic surgery residency candidates and

PDs immediately after the virtual interview experience during
the COVID-19 pandemic. Results indicate increased application
burden, cost savings, reduced abilities to assess candidate/pro-
gram fit, the importance of away rotations, and the emergence of
“big fish” applicants. The orthopaedic surgery residency appli-
cation has remained intensely competitive, with 81% of allo-
pathic seniors successfully matching in 2021. Moreover, it has
become increasingly expensive: 72% of applicants reported
borrowing money to finance application costs, and costs have
risen over 50% in the past 5 years9,10. The changes imposed by the
COVID-19 pandemic are likely attributable to increasing an
already intense competition, although virtual interviews and
emerging technologies may be promising avenues to reduce
costs.1,9

In 2018, the average candidate submitted 85.7 applica-
tions, representing a 59% increase over a 10-year period. This
increase has challenged programs with evaluating ;124
applications per position and drove application fees to nearly
$2,000 and total application costs to $8,205 per candidate1,2,10,11.
Although the American Orthopaedic Association Council of
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Fig. 1

Response frequency distributions for questions about the perceived importance of different components of the residency application/interview package under

in-person (IP: solid bars) and virtual (V: solid bars) contexts. Gray bars are for candidate (C) responses, and white bars are for program director (PD) responses.

Ordinal text responseswere assigned numerical valuesasdescribed in the text andas shown in the vertical axis labels. Boxes represent the interquartile range

(25th to75thpercentiles), lineswithin theboxesare themedians,and thewhiskers represent the10thand90thpercentiles.Where1ormoreof theelements is

not present visually on the plot, it means that 2 or more elements shared the same value. For example, for PD-IP responses in Fig. 1-A, the median, 25th

percentile, and75thpercentileof thedistributionall had the valueof3andare thusshownasa line rather thanabox.Eachpanel representsa singleapplication

component: Fig. 1-A How important is research? Fig. 1-B How important is leadership? Fig. 1-C How important are Step 1 and Step 2 scores? Fig. 1-D How

important aremedical school transcripts?Fig. 1-EHow important are letters of recommendation?Fig. 1-FHow important is the interview?Results of statistical

comparisonsare representedby the following symbols: *Significant difference betweenCs and PDs for the IP context; **significant difference betweenCsand

PDs for the V context; †significant difference between IP and V within Cs; ‡significant difference between IP and V within PDs.
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Fig. 2

Program director perceptions of the ability to assess different candidate attributed under different interview conditions. Black boxes are for previous

experiences of in-person interviews, gray boxes represent expected ability to assess before holding virtual interviews, and white boxes represent perceived

ability to assessafter holding virtual interviews. Ordinal text responseswere assignednumerical values as described in the text and as shown in the vertical

axis labels. Boxes represent the interquartile range (25th to 75th percentiles), lines within the boxes are the medians, and the whiskers represent the

10th and 90th percentiles. Where 1 or more of the elements is not present visually on the plot, it means that 2 or more elements shared the same value.

Eachpanel representsa single candidateattribute:Fig. 2-AAbility to assesscandidate competitiveness.Fig. 2-BAbility to assesscandidatefit for program.

Fig. 2-C Ability to assess candidate social skills. Fig. 2-D Ability to assess candidate clinical skills. Fig. 2-E Ability to assess candidate surgical skills.

Fig. 2-F Ability to assess candidate genuine interest in program. An asterisk (*) below the in-person box indicates a significantly greater reported estimated

ability to assess candidate attributes in-person, compared with the virtual context.
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Residency Directors recommended for the 2020/2021
application cycle that allopathic candidates with an USMLE
Step 1 score of >235 or £235 apply to no more than 40 or 60
programs, respectively, the majority of respondents here
(79%) applied to more than 75 programs. Not surprisingly,
48% of candidates applied to more programs than they
would have in a typical year and 52% of PDs hosted more
interviews this year. Previous studies have reported theoret-
ical virtual interview savings of more than $6,300 per can-

didate, and our study supports this general finding (92% of
reapplicants spent less money this year)9,10,12. Similarly, 83%
of PDs spent less money during the most recent application
cycle.

As summarized by the 2018 NRMP survey of PDs, in-
teractions with faculty and interpersonal skills were critical
aspects to the ranking of candidates, and these were best
demonstrated with in-person interactions13. Likewise, candi-
dates find that facility tours and informal interactions with
residents and faculty are essential in assessing a program's
structure and culture14. Our study revealed that PDs felt
their ability to determine a candidate’s competitiveness in a
virtual format was nearly the same as in-person. However,
more subjective traits such as social skills, candidate inter-
est, clinical and surgical skills, and fit for their programwere
felt to be better evaluated in the in-person context. Candi-
dates were found to undervalue the importance placed on
the interview relative to PDs in both the virtual and in-
person context. Inversely, candidates tended to overvalue
USMLE Step scores, research, transcripts, and letters of
recommendation compared with PDs. Candidates further
reported that more objective measures such as a program’s
research opportunities were better assessed in the virtual
format, compared with program culture and structure.
Clearly, mismatches of perception exist that may continue
to diverge without appropriate mentorship and evolving
literature.

Consistent with a previous study on video conferenc-
ing during the orthopaedic adult reconstruction fellowship
application, a majority of PDs and candidates (90% and
78%, respectively) found that virtual interviews allowed
them fair to good ability to demonstrate their programs’
strengths or their potential as a candidate15. Video

TABLE I Selected Commentary from Program Director Respondents

Program Director Commentary

Pro in-person

d Virtual interviews are certainly not as good as audition rotations and interviews.

Neutral

d Ideally perhaps, we could incorporate both, but the time involved is ridiculously expensive for the program.

d I would like us to incorporate virtual interviews as round 1 and then do few second interviews in-person.

d My strong preference would be for programs to submit and ‟lock” their rank lists 2 weeks prior to when the applicants have a deadline. Applicants
could visit locations of interest without the idea or preference that it'll impact how they rank.

d Going forward, we will offer both in-person opportunities to come visit our city and hospital as well as keep the virtual interview.

d I think virtual interviews impacted the process much less than lack of away rotations.

Pro virtual

d I've noticed there were significantly less cancelations than previous years.

d I hope that we continue with virtual interviews postpandemic (but resume in-person clinical experiences).

d Virtual open houses can sufficiently convey the culture of a program.

d The process went much better than I anticipated. I think the virtual interview process should stay.

d We were still able to weed out those candidates that you don't want to rank.

Fig. 3

Frequency of candidates (gray bars) and program directors (white bars)

reporting each interview type preference.
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conferencing used in application cycles of other specialties
has been deemed an acceptable means for interviewing
candidates by faculty; however, the results have been more
mixed for candidates14. The commentary provided by PDs in
our study supports a more neutral to favorable view of vir-
tual interviews relative to candidates (Tables I and II).

A perceived disadvantage faced by both programs and
candidates this year was the inability to participate in away
rotations, except in limited circumstances. Surprisingly
similar to a previous average of 2.4 away rotations, we found
that 62% of candidates completed 2 to 3 orthopaedic rota-
tions (including home and virtual away rotations)2. Away
rotations are generally regarded by candidates as a way to
impress programs with their genuine interest in the program,
work ethic, social skills, and characteristics such as “grit” in a
way not relatable through the Electronic Residency Appli-
cation Service (ERAS) application2,16. Recent studies (and
anecdotally, our institution) have demonstrated that up to
50% of matched residents were the product of either their
home program or away rotations and that applicants who
completed 2 or more away rotations had a 10% greater
chance of matching than peers completing fewer than 2 away
rotations1,2,12. Although away rotations come at a financial
costs to candidates, a previous study found that PDs value
away rotations for finding “good fit” residents and 87%
of PDs felt completing an away rotation increased applicants’
competitiveness at their program10,16.

A lack of away rotations may have limited candidates’
ability to demonstrate their “grit” and overcome weaker

objective metrics in the 2020/2021 cycle2. Anecdotally, our
study supported this concern from candidates that their
peers with the best objective metrics received most interview
invitations. These “big fish” applicants, in theory, left fewer
opportunities for the remainder of candidates. The virtual
format this year likely drove this phenomenon by permitting
applicants to complete more interviews, given the lack of
time and travel constraints. Despite these concerns from
candidates, the overall 2021 match statistics were largely in
accordance with previous trends. Future studies should
further explore this concern by focusing on characteristics of
matched candidates and number of unmatched positions in
the 2020/2021 application cycle. In addition, studies re-
evaluating similar metrics could provide valuable insight
when the most recently matched cohort graduates in 5 to
6 years.

This study has several limitations which should be con-
sidered when interpreting the results. As a survey study, the
results are subject to response bias. Response rates were ap-
proximately 15% for PDs (29/196) and 20% (99/506) for
candidates (8% of 1,289 total applicants nationwide), which
raises the issue of failing to capture a “neutral” set of
respondents. Although other studies have used multicenter
collaboration to achieve higher response rates, the authors
believe that a reasonable cross-section of applicants was
solicited, given the time constraint imposed by the upcom-
ing match16. However, this study’s data only offer insights
into a very complex process. The results do not offer specific
(or necessarily generalizable) suggestions or prescriptions

TABLE II Selected Commentary from Candidate Respondents

Candidate Commentary

Pro in-person

d Top candidates are able to undergo significantly more interviews since they do not have to travel.

d The lower tier applicants received less opportunities.

d Something to prevent hoarding (should be done). It is unfair that a top 5 program for me would rather interview someone who will not even rank
them.

d After being sent home from clinical rotations for 2 months, I decided to apply to a back-up program other than orthopaedics. I couldn't imagine the
thought of not matching/sitting at home for a year.

d Interviewed at same program virtually and in-person. More awkward virtually for that program.

d The biggest con is the inability to meet the residents and faculty in-person and get a literal feel.

d Virtual socials (“meet and greets”) seem minimally effective from an applicant perspective.

d I think programs are going to have more positions unfilled.

Neutral

d Should be optional for applicants going forward (have a virtual interview day option) to save money.

d There are definitely pros and cons to the virtual interview format

Pro virtual

d I felt the virtual rotations provided insight to candidates about a given program.

d I think virtual interviews offer a lot of benefits that I believe will continue even after the pandemic.

d I would implore the leadership to keep interviews virtual in subsequent years. A strong application cap would limit the total number of applications
crossing the desks of selection committees.
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for improving the process of future application cycles. They
should therefore be interpreted in the context of current
health guidelines and safe practices, as well as with more
comprehensive survey studies. Moreover, the ability for can-
didates to assess programs and for PDs to assess candidates
during interviews is inherently error prone, and accuracy of fit
can only be determined after several years of residency. Thus,
the data presented here on abilities to assess candidates and
programs are specific to the a priori context of the interview
process and should not be interpreted as post hoc evaluations
of candidate-program fit.

Limitations aside, this is to the best of our knowledge
the first study to assess the immediate expectations and per-
ceptions of candidates and PDs regarding virtual interviews
in the 2020/2021 orthopaedic surgery residency application
cycle. PDs reported diminished ability to assess fit in the
virtual context across most categories. Highlighting a large
mismatch of perceptions, candidates tended to overvalue
noninterview portions of the application process relative to
PDs across all domains. Despite reported cost savings, can-
didates and PDs stated an overall preference for in-person
interviews.
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