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ABSTRACT

Background The shift from in-person to virtual residency interviews may impact greenhouse gas emissions (GHGE) and costs but
the direction and amount of this change is not yet clear.
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Objective To estimate GHGE and financial impacts of virtual interviews among applicants and programs.

Methods In 2020-2021 we sent a postinterview survey to 1429 applicants from 7 residency programs and 1 clinical psychology
program at 1 institution. The survey collected origin of travel and transit type if in-person interviews had been held and
excluded responses if the applicant would not have participated in an in-person interview, or if travel type or original city was
missing. We used the International Civil Aviation Organization calculator to estimate flight-related GHGE in metric tons of
carbon dioxide equivalent (MTCO2e) and Google Maps to estimate ground travel, with a standard CO2e per mile. Flight, hotel,
and airport taxi costs were estimated using Expedia.com, Hotels.com, Uber, and Lyft. We aggregated these data and calculated

interview budgets.

season.

programs, compared with in-person interviews.

median and interquartile ranges (IQRs) for applicant GHGE and cost savings, and assumed no cost or GHGE from virtual
interviews. We used Wilcoxon signed rank sum tests to compare in-person 2019-2020 and virtual 2020-2021 GME program

Results The survey response rate was 565, or 40% of applicants; 543 remained after the exclusion criteria were applied.
Reduction in applicant travel due to virtual interviews led to median estimated GHGE savings of 0.47 (IQR 0.30-0.61) MTCO2e
and $490 (IQR $392-$544) per applicant, per interview. Programs savings ranged from $7,615 to $33,670 for the interview

Conclusions Virtual interviews in 8 GME programs were associated with lower estimated GHGE and costs, for applicants and

Introduction

The World Health Organization has named climate
change “the greatest threat to human health in the
21st century.”' Greenhouse gas emissions (GHGE)
are the primary driver of climate change, and it is
estimated that 8.5% of US national GHGE come
from the US health care system.> With more than
40000 US residency applicants annually, and many
travelling extensively to interview, virtual residency
interviews have the potential to significantly reduce
GHGE and costs.>* However, little is known about
these impacts.

Several studies have shown reduced GHGE due to
virtual residency interviews.’® Few included financial
analyses for applicants and programs.”'' While
results were generally favorable, varying
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Editor’s Note: The online version of this article contains the survey
used in the study and the geographic distribution of survey
respondents and US medical school graduates.
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methodology and a limited number of included
programs or geographic regions limit generalizability.
No studies have been conducted in the Pacific
Northwest.

In this study, we evaluated the impact of virtual
interviews on GHGE and cost for applicants from 7
residency programs and 1 clinical psychology pro-
gram in the 2020-2021 virtual interview cycle at a
single institution in the Pacific Northwest.

Methods

In 2020-2021, applicants to anesthesiology, emergen-
cy medicine, family medicine, general surgery, obstet-
rics and gynecology, pediatrics, and psychiatry
residency programs as well as clinical psychology
internship and PhD programs at one large academic
medical center in the Pacific Northwest were surveyed
following their virtual interviews.

The survey was developed by a multidisciplinary
group using expert opinion and literature review for
content validity. The instrument contains 3 items used
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to estimate carbon emissions savings, including (1)
estimated origin of travel (free text field for city, drop
down menus for state and country); (2) mode of
transport (multiselect with write-in other field); and (3)
if the participant would have interviewed at our
institution if interviews had been in-person (select yes/
no). The survey contained additional items assessing
virtual interview format acceptability.'> We piloted the
survey among a group of 10 people including medical
students, residents, and faculty to ensure clarity (see
online supplementary data). We excluded applicants
who did not indicate origin of travel or transit type or
reported they would not have interviewed at our
institution had interviews been in-person.

GHGE Estimation

For flight transit, we selected the most direct route
from origin city to Portland using Expedia.com and
obtained GHGE in metric tons of carbon dioxide
equivalent (MTCO2e) for each route from the
International Civil Aviation Organization online
calculator.>'* We allotted 30 miles for airport
ground travel for applicants selecting flight transit.
For applicants who selected exclusively ground travel,
we used Google Maps to estimate the most direct
travel distances."® For alternative transit including
biking, walking, light rail, and bus we assigned zero
GHGE. For passenger vehicle travel we applied the
Environmental Protection Agency estimate for a
typical vehicle of 404 grams CO2 equivalent GHGE
per mile.'® We aggregated these data and calculated
medians and interquartile ranges (IQRs) of flight and
ground transit GHGE savings (compared with as-
sumed zero GHGE for virtual interview) in MTCO2e
per interviewee.

Applicant Cost Estimation

For flight transit we assigned the most economical
roundtrip flight (regardless of route or time of day) of
those available on Expedia.com in early November
2021. For passenger vehicle airport travel, we
assigned the average cost of rides available at 3
different times on Uber and Lyft rideshare services.
Non-local applicants were assigned the average cost
of available accommodations on Hotels.com in
downtown Portland during the same November
dates. For applicants reporting passenger vehicle
transit, quickest route mileage was collected from
Google Maps and multiplied by $0.18 per mile.'” No
cost was included for alternative transit methods. We
aggregated these data and calculated median and IQR
cost savings (compared with assumed zero cost of
virtual interview) per interviewee.
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Program Cost Calculation

We collected program-specific data on numbers of
applications received, interviews performed, learners
matched, and actual budgets for interviews conducted
in the 2019-2020 and 2020-2021 application cycles.
Budget data include direct costs such as interview day
meals and materials but not indirect costs (eg, faculty
salary). Annual medians by program were compared
using Wilcoxon signed rank sum tests.

Statistical tests were conducted using SAS 9.4
software (SAS Institute Inc). This study was declared
exempt by the Oregon Health & Science University
Institutional Review Board.

Results

Interview response rate was 40% (565 of 1429).
Twenty-two respondents were excluded from anal-
ysis (14 for missing travel type, 7 for missing origin
city, and 1 for unwilling to interview in-person).
Previously reported demographic data'* demonstrat-
ed that more applicants were located in the West
(224 of 565, 40%), and few were from international
locations (5 of 565, <1%; see online supplementary
data).

GHGE savings estimates are shown in TABLE 1.
Almost 98% of the GHGE savings were the result of
avoided air travel. The median GHGE savings was
0.47 (IQR 0.30-0.61) MTCO2e per person. Applicant
cost savings are shown in TABLE 1. Median savings for
those travelling by air was $498 (IQR $428-$544) per
person, inclusive of flight, taxi, and hotel cost.
Applicants traveling by ground were primarily local,
thus they saved a median of $1 (IQR $1-$168),
inclusive of fuel and (if non-local) hotel costs.
Overall, applicants saved a median of $490 (IQR
$392-$544).

As shown in TABLE 2, the total number of interviews
increased by 32%. Although more interviews were
conducted, programs reported direct cost savings
ranging from $7,615 to $33,670, with a total
savings of $124,704 for all 8 programs.

Discussion

This study found that graduate medical education
(GME) applicant virtual interviews appear to reduce
travel-associated GHGE and costs for programs and
applicants. For applicants included in our analysis,
the estimated GHGE savings of 255.71 MTCO2e is
greater than the annual combined GHGE of 16
Americans'® or the annual GHG sequestration of
296 acres of forestland.' In addition, GME pro-
grams saved $7,615 to $33,670 on direct interview
costs.
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TABLE 1
Participant Carbon Emissions and Cost Savings by Mode of Transport
Estimated GHGE in MTCO2e Estimated Cost in $
Primary N Flight Ground Total Flight Hotel Ground Total
Transit (%) Median, Median, Median, Median, Median, Median, Median,
IQR?* IQR? IQR? IQR?* IQR? IQR? IQR?
(Total) (Total) (Total) (Total) (Total) (Total) (Total)
Air 476 0.49, 0.01, 0.50, 289, 136, 75, 498,
(87.7) 0.3-0.62 0.01-0.01 0.31-0.63 217-333 136-136 75-75 428-544
(244.02) (5.65) (249.67) (136,461) (64,941) (34,894) (236,296)
Ground 67 b 0.00, 0.00, b 0, 1, 1,
(12.3) 0.00-0.14 0.00-0.14 0-136 1-32 1-168
(6.04) (6.04) (3,684) (1,346) (5,030)
All transit 543 0.49, 0.01, 0.47, 289, 136, 75, 490,
(100) 0.30-0.62 0.01-0.01 0.30-0.61 217-333 136-136 75-75 392-544
(244.02) (11.69) (255.71) (136,461) (68,625) (36,240) (241,326)

Abbreviations: GHGE, greenhouse gas emissions; MTCO2e, metric tons of carbon dioxide equivalent; IQR, interquartile range.

@ 25th and 75th percentile IQR.
® Field not applicable or counted for these applicants.

Other studies have also found potential savings
from the move from in-person to virtual interviews,
although different methods have been used for
analysis.” ! Differences include varied transit and
accommodation costs, reported versus estimated
routes, and diverse geographic locations. However,
our estimate of 0.47 MTCO2e GHGE savings is
similar to other studies with estimates that ranged
from 0.18 to 0.70 MTCO2e per interview.”® Our
estimated $490 in median cost savings is similar to
other reported savings of $193 (Southwest)'® and
$566 (Midwest),” as well as $250 to $499 in a
broader survey of 759 applicants."!

This study is limited by the response rate, such that
respondents may not represent the total population of

TABLE 2

applicants. The use of 8 GME programs at one
institution limits generalizing the results to other
settings. GHGE may have been underestimated due to
our use of flights with the shortest distance and fewest
connections, and omission of emissions from non-
transit sources. Costs may have been underestimated
due to selection of flights based on the lowest price
and omission of non-transit costs. It is also not clear
whether the number of flights (or GHGE savings)
would be reduced by the absence of medical student
interview travel, or whether the number of flights
would remain the same in this time period. Finally,
our program cost data do not include indirect costs
(eg, faculty productivity), which may be increased due
to interview inflation or decreased due to fewer

Comparison of Numbers of Applicants, Interviewees, Matched Candidates, and Cost Between Virtual and Prior In-

Person Interview Seasons

Interview Season Characteristic Interview Year P value
2020-2021 2019-2020

Number of programs 8 8
Total number of applicants 8868 8271
Median number of applicants by program (IQR?) 1245 (1058-1715) 1100 (1062-1400) 13
Total number interviewed 1429 1081
Median number interviewed by program (IQR?) 186 (108-250) 126 (90-174) .008
Total number matched 96 95
Total cost of interviews in $ 39,924 164,628
Median cost of interviews by program in $ (IQR? 5463 (1,063-7,437) 17,427(12,900-25,345) .008
Median cost per intern matched by program in $ (IQR®) 464 (135-658) 1726 (1,002-3,125) .008

Abbreviation: IQR, interquartile range.
?1QR 25th and 75th percentile.
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number of interviews, per candidate, conducted
virtually.

Future research could focus on confirming
applicant carbon footprint and cost savings in
various geographic locations or examining the
impact of hybrid interview models. Further re-
search is also needed to further specify various
components of program cost savings, accounting
for direct and indirect costs as well as virtual
interview inflation.

Conclusions

Our results suggest that virtual GME interviews may
reduce GHGE while saving on financial costs for
residency applicants and programs.
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