
The Relative Influence of Program Signaling,
Geographic Preferences, and In-State Status in
Determining Odds of Interview Invitation in
Residency Selection
Natasha L. Romanoski , DO
Helen K. Morgan , MD
Anna Kerlek , MD
Jennifer Serfin , MD, FACS

Emily G. Teeter , MD
Lonika Sood , MBBS, MHPE
Laura Fletcher , PhD

ABSTRACT

Background Program signaling and geographic preferences are intended to give residency applicants agency in selecting
preferred training locations while allowing programs to identify interested applicants. However, how these variables compare
to in-state status (applicant’s permanent addresses in the same state as a program to which they applied) when interview
invitations are offered is unknown.

Objective To identify the relative influence of program signaling, geographic preferences, and an applicant’s in-state status in
determining the odds of receiving an interview invitation during residency recruitment.

Methods Data from programs and applicants in 9 specialties (anesthesiology, adult neurology, dermatology, general surgery,
internal medicine, neurological surgery, pediatrics, physical medicine and rehabilitation, and psychiatry) from the 2023
Supplemental Electronic Residency Application Service application (SuppApp) were included. Logistic regression was used to
determine odds ratios for all predictor variables. Results were aggregated across programs within each specialty.

Results Between 51% and 81% of programs that participated in SuppApp within each specialty met inclusion criteria.
Applicants were 2.71 to 9.07 times more likely to receive interview invitations when they signaled a program. When an
applicant indicated a geographic preference that aligned with a program’s location, or no geographic preference, the odds of
receiving an interview were 1.83 to 2.75 and 1.19 to 2.16 times more likely, respectively. In-state applicants were 2.45 to 5.14
times more likely to receive an interview.

Conclusions Use of a program signal, an aligned geographic preference, no geographic preference, and in-state status all
individually increase the likelihood of an applicant receiving an interview invitation.

Introduction

To enhance the residency application and selection
process, the Association of American Medical Col-
leges (AAMC) first piloted program signaling and
geographic preferences in a supplemental application
(SuppApp) of the Electronic Residency Application
Service (ERAS) with 3 specialties during the 2022
recruitment cycle and expanded to 16 specialties in
the 2023 cycle.1 The use of program signals and
geographic preferences was intended to provide appli-
cants agency and transparency in self-selecting indi-
vidual program and geographic preferences in their
application, while also allowing programs to identify
applicants who selected their program or region as
one of interest. With the addition of these variables,
data from numerous specialties show an increased

likelihood of an applicant being selected to interview
when a program signal is received.2-8

Data from Match cycles prior to the implementa-
tion of program signals and geographic preferences
have also shown that a high rate of applicants match
in locations with geographic proximity to their medi-
cal school.9,10 Geographic bias has been previously
reported in residency recruitment as applicants having
a higher likelihood of matching at a program within
close geographic proximity. A report of National Res-
ident Matching Program (NRMP) data for allopathic
seniors from 2011 to 2015 revealed 51% of appli-
cants matched in the same divisions as their medical
school.9 Similarly, an analysis from 2018 to 2020
revealed that applicants who came from allopathic state
schools with a higher percentage of in-state matricu-
lants were more likely to match in a geographically
closer program.10 As the application process has adopted
the use of self-selected geographic preferences, it is
unknown if the same kind of geographic bias remains
for in-state applicants. Furthermore, it is unclear how

DOI: http://dx.doi.org/10.4300/JGME-D-24-00215.1

Editor’s Note: The online supplementary data contains further data
from the study.

56 Journal of Graduate Medical Education, February 2025

ORIGINAL RESEARCH

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-27 via free access

https://orcid.org/0000-0001-8188-5725
https://orcid.org/0000-0002-6674-5377
https://orcid.org/0000-0003-4748-7023
https://orcid.org/0000-0001-8930-5510
https://orcid.org/0000-0002-8984-700X
https://orcid.org/0000-0001-8542-6921
https://orcid.org/0009-0007-5476-1840


programs use geographic preferences and in-state sta-
tus in their selection process when most applicants
send signals to programs in a preferred geographic
division or the same geographic division as their per-
manent address or their medical school.11 In seeking
to understand how geographic variables and program
signals are used together in interview selection, a gap
remains in investigating the relative influence of pro-
gram signals and geographic preferences when appli-
cants also have geographic ties to the same state as a
program to which they applied.

Understanding the relative influence of these 3 vari-
ables would allow those involved in the residency
recruitment and application processes to consider how
self-selected and fixed geographic factors may be used
when considering what is important for residency
selection. The aim of this study is to identify the rela-
tive influence of program signaling, geographic prefer-
ences, and an applicant’s in-state status in determining
the odds of receiving an interview invitation during
residency recruitment.

Methods

Applicant and program data were accessed by AAMC
staff through the ERAS and Program Director’s Work-
Station (PDWS) databases.

Participants

Program Samples: Sixteen specialties required appli-
cants to provide program signals and geographic
preferences for the 2023 ERAS application cycle.
This study focused on those specialties that met the
following inclusion rules: (1) fewer than 10 signals
were provided per applicant; (2) no tiered signals
were offered (ie, gold and silver); (3) signals were
inclusive of only one specialty (ie, diagnostic and
interventional radiology shared signals and were
therefore excluded); and (4) at least 10 programs
participated per specialty. This resulted in the inclu-
sion of 9 specialties: adult neurology, anesthesiology,
dermatology, general surgery, internal medicine, neu-
rological surgery, pediatrics, physical medicine and
rehabilitation, and psychiatry.

Programs using the PDWS were eligible partici-
pants and provided consent for data to be used for
research upon registration. To be included in the
final analytic sample for each specialty represented,
individual programs met the following inclusion cri-
teria: (1) programs provided number of approved
year 1 positions in the 2021 GME Track Resident
Survey; (2) programs provided interview offer infor-
mation in the PDWS by March 15, 2023; (3) pro-
grams met the required interview selection ratio

reported in the PDWS per available residency posi-
tions (each specialty defined the required interview
selection ratio that was used as the upper limit of
applicants selected to interview per available residency
position; this ratio was identified to mitigate risk of
including programs with incomplete interview selec-
tion data in the PDWS); (4) programs received at least
90 applications for enough power to run the model
(ie, 30 cases for each of the 3 independent variables)
to meet minimum sample size requirements12; and (5)
programs sent at least one interview invitation within
each predictor variable (ie, sent an interview invitation
to at least one applicant who signaled their program
and at least one applicant who did not send a signal,
sent at least one interview invitation to each geographic
preference variable including aligned, not aligned, and
no preference, and sent at least one interview invitation
to one in-state and one out-of-state applicant).

Applicant Sample: Applicants from US medical schools
who submitted an application to one of the participat-
ing programs in the 2023 cycle were included. Par-
ticipants provided consent for their data to be used
in research when they submitted their applications
using ERAS.

Predictor Data

We collected data for program signals and geographic
preferences from all applicants who submitted the

KEY POINTS

What Is Known
Program signals and geographic preferences allow
program directors to identify the most interested
applicants, but the role of an applicant’s in-state status
(permanent address) relative to signaling and geographic
preferences in securing an interview invitation is not well
understood.

What Is New
Data from 9 specialties in the 2023 Supplemental ERAS
application (SuppApp) were analyzed to compare the
impact of program signaling, geographic preferences, and
in-state status on interview invitations. Although there was
variation across specialties and within programs of the
same specialty, a program signal, aligned geographic
presence, no stated geographic preference, and in-state
status all increased the likelihood of receiving an interview
invitation.

Bottom Line
This research suggests various factors applicants can
consider that may increase their odds of receiving an
interview invitation. Programs should consider how they
wish to utilize these variables when structuring their
recruitment strategies to optimize applicant-program
alignment. Advisors and applicants should consider this
information when considering likelihood of interview
invitation.
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SuppApp as part of their residency application pro-
cess from August 1 to September 16, 2022, when
SuppApp closed. All questions in the SuppApp were
optional for applicants. An applicant’s in-state status
was identified and pulled from geographic informa-
tion listed on their ERAS application.

Program Signals: Program signals were binary indi-
cators of an applicant’s interest in a program at the
time of application. Each specialty determined the
maximum number of signals applicants could send
to programs in their specialty.

Geographic Preferences: Geographic preferences indi-
cated an applicant’s interest in a geographic region
at the time of application. Applicants could select up
to 3 (of 9 possible) US Census Divisions. They could
alternatively indicate “no preference” or decline to
participate in the geographic preference selection. In
this analysis, applicants were defined as being in 1
of 3 categories: “aligned” if one of their preferred
regions was the same as an applied program; “no
preference” if the “no preference” option was selected;
or “not aligned” if any of their preferred regions were
not the same as an applied program. This last category
was used as the main comparison group for analyses
with the other 2 categories.

Applicant In-State Status: This was a generated vari-
able indicating whether applicants’ permanent address
was located in the same (or different) state as a sig-
naled program’s state. All applicants from interna-
tional medical schools were excluded.

Outcome Data

Selected to Interview Status: This variable is a binary
indicator from each participating program indicating
whether an applicant was selected for an interview
in the PDWS. To help improve data quality, all pro-
grams were asked during interview season to document
their interview selections in the PDWS for research pur-
poses only. Interview status was collected from the
PDWS on March 15, 2023.

Analysis

All analyses were conducted using R version 4.2.2
(R Project). Each model explored the predicted prob-
ability of interview invitation based on either pro-
gram signaling, geographic preference signaling, or
in-state status predicting interview invitation. Results
were first analyzed separately at the program level
because each program likely uses slightly different
selection criteria, and it is important the data reflect
those differences. Area Under the Curve Receiver

Operating Characteristic (AUC-ROC) results were
calculated to estimate how well each predictor vari-
able discriminates between applicants who received
an interview invitation and those who did not.13,14

Programs were included in results based on meeting
a minimum threshold for model fit (ie, the lower-
bound 95% confidence interval of the AUC-ROC
was 0.50 or greater),15 as this value indicates the
model is no better than predicting outcomes at ran-
dom and provides a less biased reporting of the data
distribution.16,17 Results were then aggregated across
programs within each specialty by computing the
median odds ratios (ORs). The proportion of pro-
grams included with significant (P<.05) ORs is also
reported.

This study was reviewed by the AAMC Human
Subjects Research Protection Program, and data were
approved for publication by the institutional review
board of the American Institutes for Research.

Results

Analytic samples were generally representative of
each specialty’s total ERAS population with respect
to program size and region, but some programs within
several specialties in our sample had lower than aver-
age numbers of applications (ie, adult neurology, inter-
nal medicine, pediatrics, psychiatry, and surgery; see
online supplementary data). More than half (51% to
81%) of the programs that participated in SuppApp
from each specialty met inclusion criteria, and their
data were included in the final sample. TABLE 1 shows
the breakdown of programs meeting inclusion criteria
by specialty.

TABLE 2 shows the distribution of ORs for all pro-
grams within the specialty, using the median as well
as upper and lower OR ranges for each predictor
variable (excluding outliers). Across specialties, appli-
cants who signaled programs were 2.71 to 9.07 times
more likely to receive interview invitations at those
programs than applicants who did not send signals.
The proportion of programs with significant ORs
ranged widely—from 58% to 94%—within and
across specialties. In specialties having a higher pro-
portion of programs with significant ORs, the odds
of being invited to interview between the 2 compari-
son groups (eg, those who signaled and those who
did not) are significantly different. Therefore, the
higher the proportion of programs with significant
ORs, the more confident one can be in the reported
values being more generalizable to programs within
that specialty.

Applicants who reported a geographic preference that
aligned with a program to which they applied were
slightly more likely to receive an interview invitation
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than those applicants who reported a geographic prefer-
ence that did not align with a program’s geographic
region (median ORs between 1.83 and 2.75). These
results were significant for 14% to 78% of programs.
Applicants who reported no geographic preference were

slightly more likely to receive an interview invitation
than those applicants who reported a geographic pref-
erence that did not align with a program’s geographic
region (median ORs between 1.19 and 2.16). These
results were significant for 10% to 39% of programs.

TABLE 1
Number and Proportion of Programs and Applicants in the 2023 ERAS Cycle Meeting Sample Inclusion Criteria by
Specialtya

Specialty

No. of
Programs

Participating
in SuppApp

(1) No. of
Programs

That Did Not
Provide
Approved
Year 1

Positions
Information

in GME
Trackb

(2) No. of
Programs

That Did Not
Provide
Interview
Offer by
March 15,

2023 Entered
Into PDWS

(3) No. of
Programs
That Did
Not Meet
Specialty

Interview-to-
Year 1
Position
Ratioc

(4) No. of
Programs
Without
Minimum
of 90

Applicants

(5) No. of
Programs

That Did Not
Have One
Applicant
in Each

Condition
or Had LL
CI <.05
AUC-ROC
Curved

No. of
Programs in

Final
Analytic
Sample,
n (%)

Adult neurology 155 8 6 9 4 43 85 (55)

Anesthesiology 154 5 4 35 0 5 105 (68)

Dermatology 123 4 20 13 0 19 67 (54)

Internal medicine 510 24 14 138 0 42 292 (57)

Neurological surgery 110 6 9 4 0 34 57 (52)

Pediatrics 200 3 4 7 2 22 162 (81)

Physical medicine and
rehabilitation

95 5 4 1 0 9 76 (80)

Psychiatry 255 10 10 14 0 26 195 (76)

Surgery 282 8 19 89 0 22 144 (51)
a Internal medicine-psychiatry and public health and general preventive medicine are not included because of insufficient sample sizes.
b GME track data were from the 2022 cycle.
c Adult neurology is equal or larger than 7:12; anesthesiology is between 7:1 and 20:1; dermatology is equal to or larger than 7:1; surgery is equal or larger
than 16:12; internal medicine is between 8:1 and 20:12; neurological surgery is equal or larger than 7:12; pediatrics is equal or larger than 7:12; physical
medicine and rehabilitation is equal or larger than 7:12 (inclusive of advanced and categorical positions); psychiatry is equal or larger than 7:12.
d Due to some programs overlapping or being removed due to not meeting these 2 criteria, the counts were combined for ease of interpretation.
Abbreviations: ERAS, Electronic Residency Application Service; SuppApp, supplemental ERAS application; GME, graduate medical education; PDWS, program
director workstation; PGY, postgraduate year; LL, lower limit; CI, confidence interval; AUC-ROC, area under the curve receiver operating characteristic.

TABLE 2
Median and Proportion of Significant Odds Ratios of Being Selected to Interview Based on Program Signal,
Geographic Preference, and In-State Status by Specialty

Specialty

No. of
Programs
in Analytic
Sample

Sent a Program Signal
Geographic Preference
Aligned With Program

No Geographic Preference In-State Status

Median OR
(LL, UL)

n (%)
Programs
With OR
P value
<.05

Median OR
(LL, UL)

n (%)
Programs
With OR
P value
<.05

Median OR
(LL, UL)

n (%)
Programs
With OR
P value
<.05

Median OR
(LL, UL)

n (%)
Programs
With OR
P value
<.05

Adult neurology 85 4.25 (0, 16.21) 51 (60) 2.46 (0.42, 7.28) 49 (58) 1.36 (0.15, 3.52) 14 (16) 3.79 (0.54, 18.08) 50 (59)

Anesthesiology 105 9.07 (0.45, 30.42) 99 (94) 2.75 (0.58, 8.99) 82 (78) 1.62 (0.56, 3.7) 41 (39) 4.86 (0.51, 17.93) 89 (85)

Dermatology 67 5.60 (0.55, 25.61) 44 (66) 2.72 (0.33, 8.87) 23 (34) 2.16 (0.23, 6.93) 19 (28) 5.14 (0.28, 21.45) 48 (72)

Internal medicine 292 3.44 (0.17, 12.15) 185 (63) 2.29 (0.37, 6.57) 166 (57) 1.33 (0.09, 3.71) 71 (24) 3.79 (0.49, 13.94) 244 (84)

Neurological
surgery

57 3.11 (0.11, 11.54) 33 (58) 2.00 (0.46, 5.86) 8 (14) 1.77 (0.37, 4.41) 8 (14) 2.45 (0.40, 9.75) 15 (26)

Pediatrics 162 3.74 (0.28, 14.27) 115 (71) 2.28 (0, 7.23) 114 (70) 1.51 (0.51, 3.41) 50 (31) 3.17 (0.64, 14.78) 117 (72)

Physical
medicine and
rehabilitation

76 6.26 (0.32, 24.16) 59 (78) 2.13 (0.55, 8.46) 36 (47) 1.71 (0.49, 4.45) 20 (26) 2.53 (0.38, 8.67) 41 (54)

Psychiatry 195 6.70 (0.43, 32.28) 155 (79) 2.54 (0.26, 8.76) 114 (58) 1.56 (0.33, 4.62) 32 (16) 4.70 (0.33, 18.50) 156 (80)

Surgery 144 2.71 (0.31, 9.56) 83 (58) 1.83 (0.48, 5.66) 64 (44) 1.19 (0.44, 3.12) 15 (10) 2.57 (0.44, 8.29) 97 (67)

Abbreviations: LL, lower limit; UL, upper limit.

ORIGINAL RESEARCH

Journal of Graduate Medical Education, February 2025 59

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-27 via free access



Applicants with in-state status (permanent addresses
in the same state as a program to which they applied)
were 2.45 to 5.14 times more likely to receive an
interview invitation from those programs than appli-
cants who were out of state. These results were signifi-
cant in 26% to 85% of programs.

For 7 specialties, the odds of receiving an inter-
view invitation were similar for applicants who sent
a signal or had in-state status (adult neurology, der-
matology, internal medicine, neurological surgery,
pediatrics, psychiatry, and surgery). For anesthesiol-
ogy, sending a signal was almost twice as likely to
increase likelihood of receiving an interview invita-
tion than being in-state. For physical medicine and
rehabilitation, sending a signal was over twice as
likely to increase the chances of receiving an inter-
view invitation than in-state status. For all 9 special-
ties, the median odds of receiving an interview

related to geographic preference (for both alignment
and no preference) was lower than for applicants
who sent a signal or had in-state status.

FIGURE 1 shows the large positive skew across spe-
cialties and the wide range of values for the impact
of program signaling and in-state status on receiving
an interview invitation. FIGURE 2 shows a similar
positive skew across specialties and the range of val-
ues for the impact of different geographic preferences
on receiving an interview invitation, but to a much
lesser degree than program signals or in-state status.

Discussion

The results of this study suggest that the use of pro-
gram signals, geographic preferences, and having
in-state status generally increased the likelihood of
an applicant receiving an interview invitation both
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Internal medicine

Neurological surgery

Pediatrics

Physical medicine
and rehabilitation

Psychiatry

Surgery

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Odds Ratio

A B
S

p
ec

ia
lt

y

FIGURE 1
Comparison Across 9 Specialties of the Odds Ratio Distribution by Program for Applicants Who (A) Sent a Program
Signal Compared to Those Who Did Not Send a Program Signal, and (B) Who Were From In-State Compared to Those
From Out-Of-State
Note: The boxplots show the median and interquartiles range of odds ratios for receiving an interview invitation. Individual points indicate outliers. Note
that the displayed maximum scale for the odds ratio is limited to 30 for ease of viewing.
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FIGURE 2
Comparison Across 9 Specialties of the Odds Ratio Distribution by Program for Applicants Who (A) Indicated No
Geographic Preference Compared to Those Who Did Not Have Aligned Geographic Preference, and (B) Had
Geographic Preferences That Aligned With Regions to Programs Which They Applied Compared to Those Who Did
Not Have Aligned Geographic Preference
Note: The boxplots show the median and interquartiles range of odds ratios for receiving an interview invitation. Individual points indicate outliers. Note
that the displayed maximum scale for the odds ratio is limited to 30 for ease of viewing.
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within and across specialties for the 2023 application
cycle. Despite these findings, it is important to note
that all specialties showed wide ranges for their
ORs. This likely reflects the highly variable way pro-
grams within specialties used the different pieces of
application information.

Program signals had the highest odds of interview
selection compared to the other predictor variables.
When an applicant indicated they had no geographic
preference, or when the geographic preference aligned
with a program’s location, the likelihood of receiving
an interview offer also increased when compared to
when geographic preferences did not align. However,
there was wide variability in the number of programs
where this occurred. For example, this applied to only
14% of programs in neurological surgery, which may
be due to wider variability in selection processes at the
program level or due to advising patterns for appli-
cants to apply more broadly, regardless of geography.
Another key finding was that applicants’ in-state status
had an important positive impact on their likelihood
to receive an interview invitation across specialties,
supporting previous reports of enhanced Match rates
for in-state applicants across several specialties.18 For
out-of-state applicants, these findings may encourage
applicants to use program signals and geographic pref-
erence alignment to increase their odds of receiving an
interview invitation. For programs, the increased odds
of being invited to interview for applicants with an
in-state status may indicate a geographic bias in the
selection process that may hinder efforts to recruit
applicants with the skillset and potential to be success-
ful in their programs. Alternatively, some programs
may prioritize in-state applicants based on their pro-
gram’s specific mission and values, in which case these
efforts should be transparent to potential applicants.

This study has several limitations that should be
considered. First, to ensure reasonable data quality
and confidence in results, some specialties and pro-
grams were excluded from analyses, which likely
depressed the size of the ORs. Second, despite the
wide ranges of ORs, internal specialty variability
was still depressed such that programs that did not
meet the minimum requirement for number of appli-
cants per comparison condition in the models were
excluded. Thus, the programs included in our analyses
may have considered more variables when determining
which applicants were selected for an interview. The
high proportion of programs within each specialty
that showed variation in the number of applicants
selected to interview suggests that there are additional
factors that influenced the likelihood of receiving an
interview invitation (eg, application content, examina-
tion scores), which is in line with the adoption of

holistic review with recruitment. Third, our findings
are limited to only US-granting allopathic and osteo-
pathic applicants, and so these findings may not apply
to international medical graduate applicants. Finally,
the system used to collect data on interview invitations
was voluntarily provided by programs and may vary
in accuracy. Therefore, the results presented in this
study should be interpreted cautiously; intentional,
personalized advising around the use of signals, geo-
graphic preferences, and in-state status continues to be
important.

Future studies should investigate whether there are
group differences based on applicant demographics
in how program signals, geographic preferences, and
in-state status influence residency recruitment. The
variability within specialties also suggests future work
should look at program-specific characteristics (eg,
mission, values) that might influence the relative
weight of these variables on interview invitations,
and ultimately, Match outcomes, in order to better
align applicants and programs.

Conclusions

Despite the variation both within and across special-
ties, an applicant’s use of a program signal, an aligned
geographic preference, no geographic preference, and
in-state status all individually increase the likelihood
of an applicant receiving an interview invitation.
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