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ABSTRACT

Background Program signaling is an innovation that allows applicants to express interest in specific programs while providing
programs the opportunity to review genuinely interested applicants during the interview selection process.

Objective To examine the influence of program signaling on “selected to interview” status across specialties in the 2022
Electronic Residency Application Service (ERAS) application cycle.

Methods Dermatology, general surgery-categorical (GS), and internal medicine-categorical (IM-C) programs that participated in
the signaling section of the 2022 supplemental ERAS application (SuppApp) were included. Applicant signal data was collected
from SuppApp, applicant self-reported characteristics collected from the MyERAS Application for Residency Applicants, and
2020 program characteristics collected from the 2020 GME Track Survey. Applicant probability of being selected for interview
was analyzed using logistic regression, determined by the selected to interview status in the ERAS Program Director’s
WorkStation.

Results Dermatology had a 62% participation rate (73 of 117 programs), GS a 75% participation rate (174 of 232 programs),
and IM-C an 86% participation rate (309 of 361 programs). In all 3 specialties examined, on average, signaling increased the
likelihood of being selected to interview compared to applicants who did not signal. This finding held across gender and
underrepresented in medicine (UIM) groups in all 3 specialties, across applicant types (MDs, DOs, international medical
graduates) for GS and IM-C, and after controlling for United States Medical Licensing Examination Step 1 scores.

Conclusions Although there was variability by program, signaling increased likelihood of being selected for interview without
negatively affecting any specific gender or UIM group.

Introduction

A steadily increasing number of applications to US
residency programs over the last decade represents a
critical challenge to the resident selection system.1

Programs with limited resources available to review
increasingly large numbers of applications frequently
overemphasize academic metrics in the screening
process over a holistic review of applications to iden-
tify a better prepared and more diverse class of
residents.2 Program directors seeking to identify pre-
pared applicants who are genuinely interested in
their programs at the screening stage are met with a
lack of sufficient tools to meaningfully review the large
volume of applications, so program signaling was intro-
duced in 2020 to help address this challenge.

The idea of signaling in the residency application
process has been raised by a number of specialties, with
some recognizing the potential benefit by identifying

applicants who are truly interested in a program, and
others acknowledging the potential stress that this
type of system may put on an applicant to determine
which programs to signal.3-6 The appeal of signaling
is that it may be more equitable and transparent than
other informal ways to “signal” programs, such as
visiting rotations, faculty/mentors, or self-advocacy,
because it doesn’t have a financial cost and is accessi-
ble to all applicants.

Otolaryngology piloted preference signaling dur-
ing the 2021 residency application cycle.6 Applicants
and program directors had positive reactions to the
pilot in terms of perceived utility and satisfaction.7

Results showed the rate of receiving an interview
offer was significantly higher from signaled programs
(58%) compared with non-signaled programs (14%),
a significant finding across all competitiveness quar-
tiles.8 Although these initial results are promising for
preference signaling, there are 2 main shortcomings.
First, otolaryngology is a small, highly competitive
specialty with few osteopathic and international appli-
cants,9,10 and therefore there are questions about the
generalizability of their findings to other specialties.
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Second, signals have not yet been evaluated for equity
or fairness across different demographic groups.

This study explores the relationship between program
signals and likelihood of being selected for interview
with 3 specialties: dermatology, general surgery-
categorical (GS), and internal medicine-categorical
(IM-C). Furthermore, we investigated whether this
process is equitable among applicants based on gen-
der, underrepresented in medicine (UIM) status, and
type of applicant (ie, allopathic [MD], osteopathic
[DO], or international medical graduate [IMG]).

Methods

Coauthors who were Association of American Medi-
cal Colleges (AAMC) employees were able to access
and analyze all data as admissions and selection
research and development research team members.
Members of the author team who were not AAMC
employees did not have access to data files but were
able to review results.

Program Samples

To be included in the final analytic sample, programs
met the following inclusion criteria: (1) programs
had to participate in the supplemental Electronic
Residency Application Service (ERAS) application
(SuppApp) pilot in the 2022 ERAS cycle; (2) one or
more applicants signaled their program; and (3) they
met at least a 7:1 ratio of interview selections
reported in the ERAS Program Director’s Work-
Station (PDWS) per available residency positions.
The 7:1 selected to interview per available residency
position inclusion rule was created based on feed-
back from program directors to reflect realistic aver-
age behavior across programs in order to mitigate
risk of including programs with incomplete interview
selection data in the PDWS. The number of pro-
grams and applicants who met inclusion criteria for
each sample are included in the FIGURE, including the
analytic samples for gender, UIM, and applicant
type. For these analytic samples, programs were
excluded if a logistic regression model was unable to
be fit for that program (based on returning an error
code if there was an insufficient number of both signal-
ing and non-signaling applicants in each category).The
final analytic samples for applicant type included MD,
DO, and IMG graduates, except for dermatology,
where the number of DO and IMG applicants was
too small to analyze.

Predictor Data

All predictor and outcome data were accessed by
internal AAMC research data stewards.

Program (Preference) Signals: Program signals were
binary indicators of an applicant’s interest in a pro-
gram at the time of application. Program signals were
collected via the SuppApp for the 2022 application
cycle from September 1 through 30, 2021. IM-C and
GS applicants had the opportunity to send up to 5
program signals; dermatology applicants could send 3.
All applicants were instructed not to send signals to
their home program or a program where they com-
pleted an in-person away rotation or subinternship.

Applicant Characteristics: Applicants’ gender, race/
ethnicity, applicant type, and most recent United
States Medical Licensing Examination (USMLE) Step 1
score were collected from the MyERAS application.
Due to small sample sizes for some racial/ethnic groups,
race/ethnicity was collapsed into 2 groups for analysis:
UIM and non-UIM.11 UIM was defined as anyone in
the sample who self-identified as one or more of the
following racial and ethnic categories: American Indian
or Alaska Native; Black or African American; Hispanic,
Latino, or of Spanish Origin; or Native Hawaiian or
Other Pacific Islander. Non-UIM was defined as any-
one in the sample who self-identified as only White
or Asian. Those who self-identified as “Other” alone
were not included in these analyses.

Program Characteristics: The number of entering resi-
dents in 2020, geographic region, and average Step 1
score were used to describe programs in the sample. These
data were collected from the 2020 GME Track Survey.

Outcome Data

Selected to Interview Status: The chief outcome of
interest was “selected to interview” status, a binary
indicator provided by each participating program

KEY POINTS

What Is Known
Program signaling holds promise for communicating
applicants’ genuine interest in specific programs. As this
has been a novel innovation in the past 2 years, data
around outcome measures is still emerging.

What Is New
In the 3 pilot specialties of internal medicine, general
surgery, and dermatology, analysis of the Association of
American Medical Colleges signaling data demonstrated
that signaling was associated with an increased likelihood
of being invited to interview without negatively affecting
any specific gender or underrepresented in medicine group.

Bottom Line
These findings provide pilot data around signaling,
allowing program directors to make better-informed
decisions about how to use signaling information.
Applicants will benefit from understanding this data as
they plan their application strategy as well.
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indicating whether the applicant was selected for
interview at that program. Selected to interview sta-
tus was collected in the PDWS and does not include
data from programs that use a third-party interview
scheduling tool.

Analyses

All analyses were conducted using R (The R Founda-
tion). A series of logistic regression analyses were
conducted separately for each program and by appli-
cant group because programs differed greatly in how
signals were incorporated into their selection process
and into the differing qualifications of each applicant
group.

Model 1 explored the relationship between appli-
cants’ signal status and whether they were selected to
interview for each program. Signal status and selected
to interview were treated as binary variables.

Model 2 explored the relationship between appli-
cants’ signal status and whether they were selected
to interview, while accounting for the most recent
USMLE Step 1 score. For the regression analyses in
model 2, USMLE Step 1 scores were treated as a
continuous covariate. However, for simplicity of pre-
sentation, probability results are displayed for 3
USMLE Step 1 score tercile categories, with each ter-
cile corresponding to a range of scores that divides the

applicant pool roughly into the bottom third, middle
third, and top third of scores for each specialty.

Results were aggregated across programs by comput-
ing the median probability of receiving an interview,
the median 95% confidence interval across programs,
and the minimum and maximum predicted probabilities.

This study was reviewed by the AAMC Human
Subjects Research Protection Program, and data was
approved for publication by the institutional review
board of the American Institutes for Research. Par-
ticipants provided consent for their data to be used
in research as part of submitting their applications
using the ERAS and interview data using the PDWS.

Results

As shown in online supplementary data TABLE 1, ana-
lytic samples were generally representative of each
specialty’s program population. TABLE 1 summarizes
the overall analytic sample for each specialty by
applicant demographic groups.

TABLE 2 summarizes the mean, standard deviation,
and range for key variables in the overall analytic
sample for dermatology, IM-C, and GS. In all 3 spe-
cialties examined, on average, signaling was associ-
ated with a statistically significant increase in the
likelihood of being selected to interview compared to
applicants who did not signal (TABLE 3).

FIGURE 1
Inclusion Rule Flowchart for Dermatology, Internal Medicine-Categorical, and General Surgery Analytic samples
a Applicants were excluded from the final analytic sample if they only sent program signals to programs that did not meet the study’s program inclusion
criteria.

Abbreviations; IM-C, internal medicine-categorical; GS, general surgery; SuppApp, supplemental Electronic Residency Application Service application;
UIM, underrepresented in medicine.
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TABLE 1
Demographics, Mean Number of Applications, Signals, and Selected to Interview Status for Applicants in the Overall
Analytic Sample of Each Specialty

Demographic
Samples

Applicants,
n (%)

Applications,
mean (SD)

Signals Sent,
mean (SD)

Interview Offers
Received, mean (SD)

Dermatology

Total 831 (100) 52 (23) 2 (1) 4 (3)

Gender

Female 503 (61) 53 (22) 2 (1) 4 (3)

Male 327 (39) 51 (24) 2 (1) 3 (3)

Missinga 1 (<.01)

UIM

Non-UIM 604 (73) 52 (22) 2 (1) 4 (3)

UIM 120 (14) 48 (24) 2 (1) 5 (4)

Missinga 107 (13)

Applicant type

DO 117 (14) 33 (23) 2 (1) 2 (2)

IMG 82 (10) 35 (28) 2 (1) 1 (1)

MD 632 (76) 57 (19) 2 (1) 5 (3)

Internal medicine

Total 14 125 (100) 56 (42) 4 (1) 6 (6)

Gender

Female 6530 (46) 54 (42) 4 (1) 6 (7)

Male 7587 (54) 57 (41) 4 (1) 6 (6)

Missinga 8 (<1)

UIM

Non-UIM 10 074 (71) 57 (42) 4 (1) 6 (6)

UIM 2645 (19) 50 (35) 4 (1) 5 (7)

Missinga 1406 (10)

Applicant type

DO 2065 (15) 45 (28) 4 (1) 9 (6)

IMG 7895 (56) 72 (45) 4 (1) 3 (4)

MD 4165 (29) 31 (23) 4 (1) 11 (6)

Surgery

Total 3279 (100) 48 (33) 3 (1) 6 (6)

Gender

Female 1562 (48) 49 (33) 3 (1) 6 (6)

Male 1716 (52) 47 (33) 3 (1) 5 (5)

Missinga 1 (<.001)

UIM

Non-UIM 2293 (70) 48 (32) 3 (1) 6 (6)

UIM 706 (22) 46 (31) 3 (1) 5 (6)

Missinga 280 (8)

Applicant type

DO 505 (16) 50 (31) 4 (1) 4 (4)

IMG 897 (27) 59 (43) 3 (1) 1 (2)

MD 1877 (57) 42 (26) 3 (1) 8 (6)
a Data for gender and race/ethnicity is self-reported and thus data is missing for a proportion of applicants in the sample.
Abbreviations: UIM, underrepresented in medicine; DO, doctor of osteopathic medicine; IMG, international medical graduate; MD, doctor of medicine.
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In all 3 specialties, there was considerable variability
in the effect of signaling by program, with the median
predicted probabilities ranging from .05 to .80 for der-
matology, .06 to .99 for IM-C, and .03 to .70 for GS,
suggesting that programs used signals differently, and
thus the “value” of a signal differed by program.

Additionally, for all 3 specialties examined, the
finding that signaling increases rates of being selected
to interview did not vary by gender (see TABLE 3 and
FIGURE, online supplementary data FIGURES 2, 5, 9) or

UIM status (see TABLE 3 and FIGURE, online supple-
mentary data FIGURES 3, 6, 10), with no statistically
significant differences in the average probabilities for
each group except for UIM status for IM-C.

However, the relationship between signaling and
being selected to interview did vary by applicant
type for IM-C and GS applicants (see FIGURE, online
supplementary data FIGURES 7, 11).

For all 3 specialties, signaling increases rates of
being selected to interview, even after accounting for

TABLE 2
Descriptive Statistics for Each Specialty Using the Overall Analytic Sample

Program Characteristics Mean (SD) Minimum Maximum

Dermatology

Applications received 600 (80) 399 718

Signals receiveda 20 (12) 2 61

Selected to interviewa 45 (17) 16 89

Non-UIM applicantsb 432 (55) 280 515

UIM applicantsb 89 (17) 46 118

Female applicants 371 (55) 231 461

Male applicants 229 (28) 149 276

MD applicants 503 (84) 283 633

DO applicants 54 (20) 30 120

IMG applicants 44 (9) 25 73

Internal medicine

Applications received 2629 (1260) 428 6564

Signals receiveda 184 (143) 16 744

Selected to interviewa 283 (184) 47 1732

Non-UIM applicantsb 1892 (892) 342 4615

UIM applicantsb 436 (232) 47 1245

Female applicants 1184 (563) 190 3033

Male applicants 1444 (701) 237 3525

MD applicants 642 (666) 9 3173

DO applicants 387 (183) 53 1100

IMG applicants 2236 (1468) 159 6406

General surgery

Applications received 1108 (382) 441 1966

Signals receiveda 64 (44) 9 201

Selected to interviewa 117 (56) 14 385

Non-UIM applicantsb 765 (259) 331 1363

UIM applicantsb 235 (98) 68 498

Female applicants 507 (176) 197 963

Male applicants 600 (210) 244 1140

MD applicants 524 (278) 37 1251

DO applicants 174 (55) 82 362

IMG applicants 410 (183) 63 984
a These averages are based on the restricted sample using data inclusion rules.
b UIM status is calculated by the applicant’s self-report race and ethnicity information. Applicants are not required to provide race, ethnicity, nor gender data
on their application.
Abbreviations: UIM, underrepresented inmedicine; MD, doctor of medicine; DO, doctor of osteopathic medicine; IMG, international medical graduate.
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TABLE 3
Predicted Probability of Being Selected to Interview for Each Specialty

Sample
Type

Probability of Being
Selected

Dermatology Internal Medicine General Surgery

Did Not
Signal

Signaled
Did Not
Signal

Signaled
Did Not
Signal

Signaled

Total
sample

Sample size
(no. of programs)

911 (73) 14 632 (309) 3385 (174)

Median 0.06a 0.38a 0.10a 0.30a 0.10a 0.25a

10th Percentile 0.04 0.13 0.03 0.15 0.06 0.10

90th Percentile 0.11 0.64 0.33 0.57 0.15 0.45

Lower Limit 95% CI 0.04 0.18 0.08 0.23 0.09 0.14

Upper Limit 95% CI 0.08 0.62 0.11 0.40 0.13 0.41

Female
sample

Sample size gender
(no. of programs)

884 (53) 14 622 (305) 3382 (160)

Median 0.06 0.44 0.10 0.31 0.11 0.25

10th Percentile 0.04 0.17 0.04 0.14 0.06 0.12

90th Percentile 0.12 0.67 0.22 0.59 0.17 0.50

Lower Limit 95% CI 0.04 0.19 0.09 0.20 0.08 0.11

Upper Limit 95% CI 0.09 0.72 0.13 0.47 0.15 0.47

Male
sample

Sample size gender
(no. of programs)

884 (53) 14 622 (305) 3382 (160)

Median 0.06 0.38 0.09 0.29 0.09 0.24

10th Percentile 0.03 0.15 0.03 0.14 0.05 0.09

90th Percentile 0.10 0.62 0.19 0.55 0.15 0.47

Lower Limit 95% CI 0.03 0.12 0.07 0.19 0.07 0.12

Upper Limit 95% CI 0.09 0.70 0.10 0.41 0.12 0.44

UIM
sample

Sample size UIM status
(no. of programs)

789 (35) 13 176 (282) 3097 (130)

Median 0.10 0.37 0.09 0.26b 0.09 0.25

10th Percentile 0.04 0.20 0.03 0.06 0.04 0.08

90th Percentile 0.18 0.67 0.22 0.57 0.16 0.50

Lower Limit 95% CI 0.06 0.06 0.06 0.12 0.06 0.08

Upper Limit 95% CI 0.18 0.83 0.13 0.50 0.14 0.57

Non-UIM
sample

Sample size UIM status
(no. of programs)

789 (35) 13 176 (282) 3097 (130)

Median 0.05 0.36 0.10 0.32b 0.11 0.28

10th Percentile 0.03 0.14 0.03 0.15 0.06 0.12

90th Percentile 0.10 0.63 0.20 0.58 0.17 0.53

Lower Limit 95% CI 0.03 0.17 0.08 0.24 0.09 0.16

Upper Limit 95% CI 0.08 0.67 0.11 0.42 0.14 0.44

MD sample Sample size student type
(no. of programs)

— 14 547 (187) 3299 (33)

Median — — 0.30 0.60c 0.17 0.44c

10th Percentile — — 0.10 0.22 0.11 0.18

90th Percentile — — 0.59 0.85 0.29 0.67

Lower Limit 95% CI — — 0.25 0.36 0.13 0.19

Upper Limit 95% CI — — 0.36 0.81 0.20 0.66

DO sample Sample size student type
(no. of programs)

— 14 547 (187) 3299 (33)

Median — — 0.14 0.43c 0.07 0.21

10th Percentile — — 0.03 0.17 0.02 0.14
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applicants’ USMLE Step 1 scores. Results also show
that signaling moderates the relationship between
USMLE Step 1 scores and being selected to interview,
with the relationship being stronger for applicants who
had higher Step 1 scores across all specialties (online
supplementary data TABLE 2 and FIGURES 12-17).

Discussion

Program signals are one of several innovations that
have been introduced into the residency recruitment
process,12-14 and the current study is the largest and
first multispecialty study investigating the impact of
program signals on the likelihood of being selected
to interview. The findings demonstrate that program
signals significantly increase the likelihood of an
applicant being selected to interview across gender,
UIM groups, and applicant type, even after account-
ing for USMLE Step 1 scores. Although MD appli-
cants who did not signal were more likely to be
selected for interview than IMGs who did signal, sig-
naling a program still increased the rate of being
selected for interview for IMG applicants.

Program signaling may be an attractive option to
reduce ballooning application numbers and cost as
well as barriers to holistic review. Signals are not
intended, however, to be a sole determinant of an
interview invitation or rank order; they should always
be used in the context of a holistic, comprehensive
review of an applicant’s unique attributes and how
they intersect with program values.

As with all studies, some limitations exist. These
findings represent results for a single year of selec-
tion that need to be replicated in future cycles, and

programs can and do use platforms outside of
PDWS for interview invitations. The inclusion rule
chosen to mitigate this limitation also may not apply
to all programs. However, the majority of programs
in the included specialties used PDWS to indicate
applicants selected for interview at least once during
the 2022 ERAS cycle (97%, 94%, and 77% of pro-
grams in IM-C, GS and dermatology respectively),
and the characteristics of the programs in the study
samples are largely representative of population char-
acteristics, pointing to generalizability. Additionally,
this is a retrospective study that makes use of data
from a previous cycle. USMLE Step 1 scores were
included to provide a complete and accurate picture of
the selection process at the time (with residency pro-
gram directors potentially making use of scores rather
than pass/fail status to make selection decisions); inclu-
sion of this data does not endorse use of USMLE scores
for admissions and selection decisions by programs.
Finally, the current study does not assess how program
characteristics impact an applicant’s signal distribution,
which represents an avenue for future research.

Though program signaling increased interview selec-
tion rates overall, the 3 specialties vary considerably
on a number of factors, including the number of resi-
dency positions and corresponding number of applica-
tions received, the percentage of matched applicants
and programs, and percentage of applicant types. The
same can be said for individual programs within
specialties, suggesting that programs may use signals
differently in deciding who to select for interview.
The current study does not investigate how programs
individually incorporate a program signal into their
interview processes, and further investigation may reveal

TABLE 3
Predicted Probability of Being Selected to Interview for Each Specialty (continued)

Sample
Type

Probability of Being
Selected

Dermatology Internal Medicine General Surgery

Did Not
Signal

Signaled
Did Not
Signal

Signaled
Did Not
Signal

Signaled

90th Percentile — — 0.39 0.73 0.20 0.63

Lower Limit 95% CI — — 0.11 0.26 0.04 0.07

Upper Limit 95% CI — — 0.19 0.64 0.12 0.58

IMG
sample

Sample size student type
(no. of programs)

— 14 547 (187) 3299 (33)

Median — — 0.02 0.14c 0.02 0.13c

10th Percentile — — 0.00 0.05 0.00 0.04

90th Percentile — — 0.06 0.29 0.08 0.26

Lower Limit 95% CI — — 0.01 0.08 0.01 0.04

Upper Limit 95% CI — — 0.03 0.26 0.03 0.37

Abbreviations: UIM, underrepresented inmedicine; MD, doctor of medicine; DO, doctor of osteopathic medicine, IMG, international medical graduate.
a Statistically significant difference between signaled and did not signal median probabilities for the total sample (P<.01).
b Statistically significant difference between signaled UIM and non-UIM applicants (P<.01).
c Statistically significant difference between MDs and DO and IMG samples (P<.01).
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differential trends based on program characteristics,
such as application volume, number of signals received,
or the importance of other tools in the selection pro-
cess. Within applicant types, program signaling had the
greatest impact for MD applicants followed by DOs;
therefore, more research is needed to understand why
signaling confers less value to IMGs and DOs than
MDs, after controlling for USMLE Step 1 scores.

Conclusions

Overall, these findings demonstrate that signaling
can increase interview selection rates at signaled pro-
grams for applicants, on average, across 3 specialties,
building upon previous similar findings for appli-
cants in otolaryngology.10 These findings hold across
Step 1 score ranges and also across differing gender
and ethnic groups, demonstrating that signaling does
not appear to function differentially for varying sub-
groups in the 2021 applicant samples.
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