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BACKGROUND: The Association of American Medical Colleges described 13 Core Entrustable Professional 
Activities (EPAs) that graduating students should be prepared to perform under indirect 
supervision on day one of residency. Surgery program directors recently recommended 
entrustability in these Core EPAs for incoming surgery interns. We sought to determine if 
graduating students intending to enter surgery agreed they had the skills to perform these 
Core EPAs.

STUDY DESIGN: Using de-identified, individual-level data collected from and about 2019 Association of Amer-
ican Medical Colleges Graduation Questionnaire respondents, latent profile analysis was used 
to group respondents based on their self-assessed Core EPAs skills’ response patterns. Asso-
ciations between intended specialty, among other variables, and latent profile analysis group 
were assessed using independent sample t-tests and chi-square tests and multivariable logistic 
regression methods.

RESULTS: Among 12,308 Graduation Questionnaire respondents, latent profile analysis identified 2 
respondent groups: 7,863 (63.9%) in a high skill acquisition agreement (SAA) group and 
4,445 (36.1%) in a moderate SAA group. Specialty was associated with SAA group mem-
bership (p < 0.001), with general surgery, orthopaedic surgery, and emergency medicine 
respondents (among others) overrepresented in the high SAA group. In the multivariable 
logistic regression models, each of anesthesiology, ophthalmology, pediatrics, psychiatry, and 
radiology (vs general surgery) specialty intention was associated with a lower odds of high 
SAA group membership.

CONCLUSION: Graduating students’ self-assessed Core EPAs skills were higher for those intending general 
surgery than for those intending some other specialties. Our findings can inform collaborative 
efforts to ensure graduates’ acquisition of the skills expected of them at the start of residency. 
(J Am Coll Surg 2022;235:940–951. © 2022 The Author(s). Published by Wolters Kluwer 
Health, Inc. on behalf of the American College of Surgeons. This is an open-access article 
distributed under the terms of the Creative Commons Attribution-Non Commercial-No 
Derivatives License 4.0 [CCBY-NC-ND], where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in any way or used commer-
cially without permission from the journal.)
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In 2014, the Association of American Medical Colleges 
(AAMC) released a list of 13 Core Entrustable Professional 
Activities (EPAs; see Table 1) for entering residency as a 
set of tasks that all graduating medical students should be 
prepared to perform under indirect supervision on day 
one of residency, regardless of specialty.1 At that time, a 
national survey of members of the Association of Program 
Directors in Surgery (APDS) was conducted to determine 
the extent to which APDS members agreed that they had 
confidence that their entering interns were competent to 

perform each of the 13 Core EPAs without direct super-
vision.2 Results indicated that, although respondents gen-
erally endorsed all 13 Core EPAs as being important for 
a trustworthy physician, there were only 3 of the EPAs 
(EPA1: Gather a history and perform a physical examina-
tion; EPA5: Document a clinical encounter in the patient 
record; and EPA9: Collaborate as a member of an inter-
professional team) for which > 50% of respondents agreed 
or strongly agreed that they were confident their enter-
ing interns were competent to perform under indirect 
supervision.2

Amid growing concerns regarding the preparedness 
of incoming surgery interns for the responsibilities they 
assume at the start of PGY-1 of training, the American 
Board of Surgery, the American College of Surgeons 
(ACS), the APDS, and the Association for Surgical 
Education (ASE) released a joint consensus statement 
regarding a national surgery residency preparation cur-
riculum,3 and the ACS, APDS, and ASE collaborated to 
develop a standardized national curriculum (the ACS/
APDS/ASE Resident Prep Curriculum).4 This curriculum, 
administered by the ACS, includes 11 scenarios that map 
to many of the Core EPAs for Entering Residency; >100 
institutions in the US are included on a list of pilot institu-
tions.5,6 In the 2020 Consensus statement released by the 
APDS regarding ideal medical student experiences in pre-
paring for the PGY-1 year of training in general surgery, 
recommendations include readiness for entrustment in all 
13 Core EPAs.5

As the undergraduate medical education (UME) and 
graduate medical education (GME) communities work 
toward more effective and safe transitions to residency, 
understanding differences in preparedness for residency 
training in relation to intended specialty is an integral first 
step in addressing training gaps.7 Although studies have 
investigated learners’ preparedness for residency training 
from the perspective of the learner,8,9 medical school,10,11 
and residency program,12,13 few have focused on special-
ty-specific aspects of preparedness.14 Given the heter-
ogeneous nature of educational experiences during the 
final (“fourth”) year of medical school15,16 (during which 
students can tailor much of their fourth year curriculum 
depending on their intended specialty), students may be 
differentially prepared to perform Core EPA tasks depend-
ing on their planned specialty. Medical students generally 
seek the advice and direction of program directors in their 
chosen specialty regarding how to optimally prepare for the 
start of residency training in the specialty. In the context 
of recommending readiness for entrustment in all 13 Core 
EPAs for their entering PGY-1 residents among surgery 
program directors, we hypothesized that students’ self-as-
sessed skills in the Core EPAs would differ at graduation 

Abbreviations and Acronyms
AAMC  =  Association of American Medical Colleges
ACS  =  American College of Surgeons
AOR  =  Adjusted odds ratio
APDS  =  Association of Program Directors in Surgery
ASE  =  Association for Surgical Education
CK  =  Clinical knowledge
CS  =  Clinical skills
EPAC  =  Education in Pediatrics Across the Continuum
EPAs  =  Entrustable Professional Activities
GME  =  Graduate medical education
IM  =  Internal medicine
LCME  =  Liaison Committee for Medical Education
LPA  =  Latent profile analysis
OBGYN  =  Obstetrics and gynecology
SAA  =  Skill acquisition agreement
SRS  =  Student Records System
UME  =  Undergraduate medical education

Table 1. The Association of American Medical Colleges’ 
Core Entrustable Professional Activities for Entering 
Residency44

The 13 Core Entrustable Professional Activities for entering 
residency 

1: Gather a history and perform a physical examination
2: Prioritize a differential diagnosis following a clinical encounter
3: Recommend and interpret common diagnostic and screening tests
4: Enter and discuss orders and prescriptions
5: Document a clinical encounter in the patient record
6: Provide an oral presentation of a clinical encounter
7: Form clinical questions and retrieve evidence to advance patient care
8: Give or receive a patient handover to transition care 

responsibility
9: Collaborate as a member of an interprofessional team
10: Recognize a patient requiring urgent/emergent care and initiate 

evaluation/management
11: Obtain informed consent for tests and/or procedures
12: Perform general procedures of a physician
13: Identify system failures and contribute to a culture of safety 

and improvement
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based on specialty, with students planning to enter surgery 
self-assessing their skills in the Core EPAs more highly 
than students planning to enter various other specialties. 
To examine the relationship between intended specialty 
and self-assessed skills in the Core EPAs, we used nation-
al-level data from several sources, collected from and about 
students who completed the AAMC’s annual Graduation 
Questionnaire (GQ),17 to determine the extent to which 
there was an independent relationship between graduating 
students’ intended specialties and self-assessed skills in the 
Core EPAs.

METHODS
Setting and participants 
Our study-eligible population included all US medical 
students at Liaison Committee for Medical Education 
(LCME)-accredited schools who had matriculated in 2015 
or later and graduated in academic year 2018 to 2019. We 
included selected items from the 2019 GQ and AAMC 
Student Records System (SRS), and students’ first-attempt 
results on the National Board of Medical Examiners US 
Medical Licensing Examination Step 2 Clinical Skills (CS) 
and Step 2 Clinical Knowledge (CK), released with per-
mission from the National Board of Medical Examiners. 
We also included 2 school-level indicators derived from 
data collected on the LCME Annual Medical School 
Questionnaire Part II 2018 to 2019.

Association of American Medical Colleges 
Graduation Questionnaire items

The GQ is administered for program evaluation pur-
poses on a confidential and voluntary basis to all 
graduating students at US LCME-accredited medi-
cal schools.17 Items included on the GQ evolve some-
what on an annual basis but include a broad array of 
experiential and career plan items. The EPA-related 
items we examined were newly added to the 2019 GQ. 
We derived our outcome variable from the following 
self-assessed skill item: “Indicate whether you agree or 
disagree with the following statements about your pre-
paredness for beginning a residency program: I have the 
skills to...” For each of the 13 activities described as the 
Core EPAs, respondents could select strongly disagree, 
disagree, neutral, agree, or strongly agree. It should be 
noted that the 13 activities described as Core EPAs were 
not identified as “Core EPAs” on the GQ. For exam-
ple, the GQ item pertaining to “EPA1: Gather a history 
and perform a physical examination” appeared on the 
GQ as “Gather a history and perform a physical exam-
ination” (ie, the respondent was asked to indicate their 

agreement with the statement that, “I have the skills to 
gather a history and perform a physical examination”). 
Based on responses for the 13 activities, we computed 
our outcome measure, “skill acquisition agreement” 
(SAA) group, which assigns respondents to groups based 
on their patterns of agreement to having the skill to per-
form each of the 13 activities (described in more detail 
in Data Analysis).

We derived specialty, our primary explanatory varia-
ble, from responses to the item: “When thinking about 
your career, what is your intended area of practice?” We 
grouped respondents into one of the following 13 spe-
cialty categories: “anesthesiology,” “emergency medicine,” 
“family medicine”, “general surgery” (including choices of 
surgery, vascular surgery, and thoracic surgery), “internal 
medicine” (IM), “obstetrics and gynecology” (OBGYN), 
“ophthalmology,” “orthopaedic surgery,” “other surgical 
specialties” (including choices of neurological surgery, 
otolaryngology, plastic surgery, and urology), “pediat-
rics,” “psychiatry,” “radiology,” and “all other specialties” 
(including choices of dermatology, neurology, child neu-
rology, pathology, physical medicine and rehabilitation, 
preventive medicine, radiation oncology, and medical 
genetics).

Because frequency of observation/feedback in prac-
ticing a skill is associated with self-assessed skill acqui-
sition,18 we included responses to the item: “In the 
workplace (clinical setting), how often during medical 
school have supervising residents or faculty members 
directly observed you performing the following activity 
and also provided you with immediate (within 24 hours) 
verbal or written feedback on your performance of the 
activity?” For each activity, response options were: never, 
once, 2 to 5 times, or >5 times. These activities included 
EPAs 1 to 11, EPA13, and 6 procedural skills: perform 
basic cardiopulmonary resuscitation, perform bag and 
mask ventilation, perform sterile technique, perform 
venipuncture, insert an intravenous line, and place a 
urinary catheter (ie, instead of a single item for EPA12, 
“Perform general procedures of a physician,” respond-
ents were asked about each of these 6 specific procedural 
skills). We also computed an “Extent of observation and 
feedback across the 13 skills” variable as the number of 
activities (of 13 possible, using “insert an intravenous 
line” for EPA12) for which the respondent reported “>5 
times.”

Association of American Medical Colleges Student 
Records System items

The AAMC’s SRS “houses secure, centralized enrollment 
information on the national medical student population.”19 
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Based on SRS data, we created a dichotomous variable for 
gender that we included given the substantial differences 
in association with gender of specialty.20 We also used SRS 
data for medical school of enrollment, which we included 
given school differences in the extent to which curricu-
lar content and assessment related to the Core EPAs may 
have been incorporated in the curriculum (eg, in required 
clinical clerkships, in school-specific use of the ACS/
APDS/ASE Resident Prep Curriculum, and/or in other 
school-specific required or elective residency preparation 
courses).21

National Board of Medical Examiners 

The National Board of Medical Examiners released 
first-attempt US Medical Licensing Examination Step 2 
CS (since discontinued) and Step 2 CK results for our 
study,22,23 which we included because these measures, 
which are not self-reported, align with several Core EPAs’ 
content and may vary substantially among graduates by 
specialty.24

Liaison Committee for Medical Education Annual 
Questionnaire Part II 

From the 2018 to 2019 LCME Questionnaire, we created 
2 school-level measures (not mutually exclusive meas-
ures)—for attendance at a school which indicated that 
selected training topics were covered within a one-course-
for-all-students required fourth-year transition to resi-
dency curriculum (“Attendance at a medical school with 
required fourth-year transition to residency course for all 
students”), and attendance at a school which indicated 
that selected training topics were covered within required 
specialty-specific fourth-year transition to residency cur-
riculum (“Attendance at a medical school with required 
specialty-specific fourth-year transition to residency 
course[s]”).

Data analysis

The merged database of individual-level linked data for 
all variables was de-identified for analysis. This study used 
latent profile analysis (LPA)25-28 to generate latent profiles, 
or groups, of respondents based on patterns of responses 
across the 13 EPA-SAA items. LPA is a probabilistic tech-
nique that assigns respondents an estimated probability 
of belonging to a latent group. The optimal number of 
groups was identified by assessing model-fit statistics—
Bayesian Information Criterion values and average within- 
and between-group estimated probabilities—from a series 
of LPA models. From the best fitting model, respondents 

are assigned probabilities of belonging to each group and 
each respondent is then assigned to the group for which 
they have the highest probability.

We used chi-square tests, ANOVA, and t-tests for the 
difference between means to assess univariate associations 
between variables. Cohen’s d was used to estimate the effect 
size for the difference between 2 means; in general, an 
effect size is considered small if Cohen’s d is ≥0.2 but <0.5, 
medium if Cohen’s d is ≥0.5 but <0.8, and large if Cohen’s 
d is ≥0.8.29 Our dataset has a multilevel structure with stu-
dents nested in 142 US LCME-accredited medical schools. 
Because shared similarities (eg, exposure to school-specific 
required and elective curricula or school-specific program-
matic objectives for the MD-degree program), can char-
acterize students within a given learning environment, 
nested data violate the assumption of independence of 
observations, potentially resulting in incorrect estimates 
of standard errors. We therefore used multilevel logistic 
regression to examine the extent to which each measure 
described in preceding text was independently associated 
with group membership. Only measures statistically sig-
nificant in the univariate analysis were included in the 
regression model. We assessed model fit via the receiver 
operator characteristic (area under the curve); an area 
under the curve value >0.7 is generally considered a rea-
sonable model fit.30 We performed all quantitative anal-
yses using Stata 15 (StataCorp, College Station, TX). 
The AAMC Human Subjects Protection Program staff 
reviewed this study and determined that it was exempt 
from further institutional review board review because no 
human subjects were involved.

RESULTS
Study sample derivation 
Of 16,047 students who matriculated to a US LCME-
accredited medical school in 2015 or later and gradu-
ated in academic year 2018 to 2019, there were 13,813 
(86.1% of 16,047) who responded to the 2019 GQ, at 
least in part. Of these 13,813 GQ respondents, there 
were 12,308 respondents (89.1% of all 13,813 GQ 
respondents; 76.7% of all 16,047 study-eligible class 
of 2019 graduates) with complete data for all variables 
of interest in our study. Table  2 shows the characteris-
tics of the 16,047 study-eligible class of 2019 gradu-
ates, grouped by final study sample inclusion status. As 
shown, compared with the 3,739 graduates (23.3% of all 
16,047 eligible graduates) excluded from our final sam-
ple, the 12,308 graduates (76.7% of all 16,047 eligible 
graduates) included were disproportionately women, had 
passed Step 2 CS, and had higher mean Step 2 CK scores 
(each p < 0.001).
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Outcome derivation 

After assessing model fit statistics, LPA results showed that 
a 2-group model was the best fit for the data (for detail, 
see Supplemental Digital Content 1, http://links.lww.
com/JACS/A136). After each respondent was assigned 
to the group for which they had the highest probability, 
one group comprised 7,863 (63.9%) respondents with an 
average within-group probability of 0.99 and the other 
group comprised 4,445 (36.1%) respondents with an 
average within-group probability of 0.98. Figure 1 shows 
the mean value (0 = “strongly disagree” to 4 = “strongly 
agree”) for each of the 13 activities by group. For each 

of the 13 Core EPAs, the mean difference between the 2 
groups was significant (p < 0.001) and the effect size was 
large (Cohen’s d >0.8).

We described the group of respondents with mean 
values for most of the 13 Core EPAs roughly equiva-
lent to “strongly agree” (and none below “agree”) as the 
“high SAA” group (n = 7,863). We described the group 
of respondents with mean values for the 13 Core EPAs 
roughly equivalent to “agree” (including means of 7 of the 
13 Core EPAs below “agree”) as the “moderate SAA” group 
(n = 4,445). Within each SAA group (ie, both within 
the high SAA group only and within the moderate SAA 
group only), there were 6 EPAs (EPA4: Enter and discuss 
orders/prescriptions; EPA8: Patient handover; EPA10: 
Urgent/emergent care; EPA11: Informed consent; EPA12: 
Procedures; and EPA13: Patient safety) that had uni-
formly significantly lower mean values compared with the 
remaining 7 EPAs (EPA1: History/physical examination; 
EPA2: Differential diagnosis; EPA3: Diagnostic/screen-
ing tests; EPA5: Oral presentation; EPA6: Written doc-
umentation; EPA7: Evidence-based medicine; and EPA9: 
Interprofessional collaboration).

Table  3 presents the associations between explanatory 
variables and the SAA group outcome measure. As shown, 
specialty was associated with SAA group distribution 
(p < 0.001). Respondents in general surgery, other surgical 
specialties (including neurological surgery, otolaryngology, 
plastic surgery, and urology), orthopaedic surgery, IM, 
and emergency medicine specialty categories were slightly 
overrepresented in the high SAA group, whereas respond-
ents in most other specialty categories (including OBGYN 
and ophthalmology, among others) were underrepresented 
in the high SAA group; respondents in the “all other spe-
cialties” group (dermatology, neurology, child neurology, 

Table 2. Characteristics of All Eligible 2019 Graduates, Grouped by Study Sample Inclusion Status

Characteristic 
Total

(n = 16,047) In study sample Not in study sample p Value 

All eligible 2019 graduates, n (%) 16,047 12,308 (76.7)* 3,739 (23.3)*  
Gender, n (%) 16,044 (100.0) 12,308 (76.7)* 3,736 (23.3)* <0.001
  Men 8,307 (51.8)† 6,215 (50.5)† 2,092 (56.0)†  
  Women 7,737 (48.2)† 6,093 (49.5)† 1,644 (44.0)†  
USMLE Step 2 CS, n (%) 16,037 (100.0) 12,308 (76.7)* 3,729 (23.3)* <0.001
  Fail, 1st attempt 637 (4.0)† 437 (3.6)† 200 (5.4)†  
  Pass, 1st attempt 15,400 (96.0)† 11,871 (96.4)† 3,529 (94.6)†  
USMLE Step 2 CK    <0.001
  n (%) 16,042 (100.0) 12,308 (76.7)* 3,734 (23.3)*  
  Mean ± SD 246.3 ± 14.5 247.1 ± 14.2 243.5 ± 15.0  
* Percentage shown is percentage of row total.
† Percentage shown is percentage of column total within the characteristic category.
CK, clinical knowledge; CS, clinical skills; GQ, graduation questionnaire; USMLE, US Medical Licensing Examination.

Figure 1. Mean value for each of the 13 entrustable professional 
activities (EPAs) by high (63.9%) vs moderate (36.1%) skills acquisi-
tion agreement (SAA) group membership. 

http://links.lww.com/JACS/A136
http://links.lww.com/JACS/A136
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pathology, physical medicine and rehabilitation, preventive 
medicine, radiation oncology, and medical genetics) were 
similarly represented in both the high SAA and moderate 
SAA groups. Also shown, men and women respondents 
who had passed Step 2 CS were more highly represented 
in the high SAA group (p < 0.001), as were respondents 
with higher Step 2 CK scores (high SAA group mean score 
± SD = 248.0 ± 14.0, moderate SAA group mean score ± 
SD = 245.7 ± 14.4; p < 0.001), although the effect size was 
small (Cohen’s d = 0.16). Respondents who attended a 
medical school with required specialty-specific fourth-year 

transition to residency course(s) were more highly repre-
sented in the high SAA group (p < 0.001), and respond-
ents who attended a medical school with a required 
fourth-year transition to residency course for all students 
were similarly represented in both the high SAA and mod-
erate SAA groups. The mean number of EPAs for which 
respondents reported more frequent observation/feedback 
(>5 times) was greater among the high SAA group than 
among the moderate SAA group (mean ± SD: 9.1 ± 2.7) 
vs mean ± SD: 6.6 ± 3.4, respectively; p < 0.001) and the 
effect size was large (Cohen’s d = 0.87). Also, not shown in 

Table 3. Univariate Associations with Skills Acquisition Agreement Outcome

Variable 
Total*

(N = 12,308) 
Moderate SAA group

(n = 4,445*) 
High SAA group

(n = 7,863*) 
p 

Value 

Specialty, n (%)    <0.001
  Anesthesiology 777 (6.3) 314 (7.1) 463 (5.9)  
  Emergency medicine 1,236 (10.0) 388 (8.7) 848 (10.8)  
  Family medicine 1,039 (8.4) 413 (9.3) 626 (8.0)  
  General surgery† 943 (7.7) 316 (7.1) 627 (8.0)  
  Internal medicine 2,613 (21.2) 914 (20.6) 1,699 (21.6)  
  Obstetrics and gynecology 875 (7.1) 327 (7.4) 548 (7.0)  
  Ophthalmology 277 (2.3) 107 (2.4) 170 (2.2)  
  Orthopaedic surgery 521 (4.2) 155 (3.5) 366 (4.7)  
  Other surgical specialties‡ 667 (5.4) 195 (4.4) 472 (6.0)  
  Pediatrics 1,228 (10.0) 472 (10.6) 756 (9.6)  
  Psychiatry 676 (5.5) 276 (6.2) 400 (5.1)  
  Radiology 558 (4.5) 245 (5.5) 313 (4.0)  
  All other specialties§ 898 (7.3) 323 (7.3) 575 (7.3)  
Gender, n (%)    0.017
  Men 6,215 (50.5) 2,181 (49.1) 4,034 (51.3)  
  Women 6,093 (49.5) 2,264 (50.9) 3,829 (48.7)  
USMLE Step 2 CS, n (%)    <0.001
  Fail, 1st attempt 437 (3.6) 207 (4.7) 230 (2.9)  
  Pass, 1st attempt 11,871 (96.4) 4,238 (95.3) 7,633 (97.1)  
Attendance at a medical school with required fourth-year 

transition to residency course for all students, n (%)
   0.402

  No 4,201 (34.1) 1,496 (33.7) 2,705 (34.4)  
  Yes 8,107 (65.9) 2,949 (66.3) 5,158 (65.6)  
Attendance at a medical school with required specialty-spe-

cific fourth-year transition to residency course(s), n (%)
   <0.001

  No 6,859 (55.7) 2,567 (57.8) 4,292 (54.6)  
  Yes 5,449 (44.3) 1,878 (42.2) 3,571 (45.4)  
USMLE Step 2 CK, mean (SD) 247.1 (14.2) 245.7 (14.4) 248.0 (14.0) <0.001
Extent of observation and feedback across the 13 activities, 

mean ± SD
8.2 ± 3.2 6.6 ± 3.4 9.1 ± 2.7 <0.001

* Percentages shown are percentages within the column for each variable.
† “General surgery” includes surgery, vascular surgery, and thoracic surgery.
‡ “Other surgical specialties” includes neurological surgery, otolaryngology, plastic surgery, and urology.
§ “All other specialties” includes dermatology, neurology, child neurology, pathology, physical medicine and rehabilitation, preventive medicine, radiation oncology, and medical 
genetics.
CK, clinical knowledge; CS, clinical skills; USMLE, US Medical Licensing Examination.
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Table 3, school attended by the respondent was associated 
with SAA group distribution (school mean for percent 
of respondents in high SAA group = 64%; SD = 11%; 
range = 16% to 94%; p < 0.001) and with the frequency of 
observations/feedback (school mean for percent of EPAs 
reported as receiving 5 or more observations/feedback = 
63%; SD = 6%; range = 43% to 85%; p < 0.001).

Supplemental Digital Content 2 through 5 (http://
links.lww.com/JACS/A136) present additional findings. 
Supplemental Digital Content 2 and 3 present a heat 
map of the percentage of respondents reporting “>5 times” 
observations/feedback by specialty for each EPA (for 
EPA12, “Perform general procedures of a physician,” data 
are shown for each of 6 specific procedural skills). As shown 
in Supplemental Digital Content 2 for EPAs 1 through 
11 and EPA13, the percentage of all GQ respondents who 
reported observations/feedback >5 times varied widely on 
an EPA-specific basis, ranging from 9% (1,112 of 12,308) 
for EPA13 (Patient safety) to 93% (11,440 of 12,308) for 
EPA6 (Oral presentation). There were also significant dif-
ferences in observations/feedback frequency by specialty 
for EPAs 1, 2, 4, 7, 8, 10, 11, and 13. For instance, for 
EPA4 (Enter and discuss orders/prescriptions), the per-
centage of respondents reporting observations/feedback 
>5 times ranged from 54% (475 of 875) for OBGYN to 
70% (1,822 of 2,613) for IM. As shown in Supplemental 
Digital Content 3 for the 6 procedural skills, the propor-
tions of respondents who reported observation/feedback 
>5 times in each of these 6 procedural skills varied widely 
across the 6 skills and also by specialty for each procedural 
skill. Although 85% (10,499 of 12,308) of all respondents 
reported observation/feedback >5 times for “Perform ster-
ile technique,” <50% of all respondents reported observa-
tion/feedback >5 times for each of the other 5 procedural 
skills shown.

Supplemental Digital Content 4 (http://links.lww.
com/JACS/A136) presents a heat map of the mean value 
for SAA by specialty for each EPA. Consistent with 
Figure 1, EPAs 1, 5, 6, and 9 generally had the highest 
means; EPAs 2, 3, and 7 had intermediate means; and 
EPAs 4, 8, and 10 to 13 had the lowest means. On an EPA-
specific basis, means varied for EPAs from 2.71 for EPA13 
(Patient Safety) to 3.76 for EPA1 (History/Physical exami-
nation). There were significant differences in mean SAA by 
specialty across all EPAs. Supplemental Digital Content 5 
(http://links.lww.com/JACS/A136) presents a heat map of 
the mean value for SAA by all “surgical specialties” (gen-
eral surgery, neurological surgery, OBGYN, ophthalmol-
ogy, orthopaedic surgery, otolaryngology, plastic surgery, 
thoracic surgery, urology, vascular surgery) vs “all nonsur-
gical specialties” (all remaining specialties not included 
in the “surgical specialties” group) for each EPA. Results 

showed significantly higher means among “surgical spe-
cialties” respondents for EPAs 1 to 3, 6, 7, 10, 12, and 13. 
For EPA4, “surgical specialties” respondents had a signifi-
cantly lower mean than “nonsurgical specialties” respond-
ents (2.88 vs 3.00, respectively; p < 0.001). The mean SAA 
did not significantly differ between the 2 groups for the 4 
remaining EPAs: 5, 8, 9, and 11 (p > 0.05).

Regression analysis 

Table 4 presents results from the multilevel logistic regres-
sion model. Model fit was reasonable (area under the curve = 
0.76; 95% CI, 0.75–0.76). To assess our hypothesis that stu-
dents intending general surgery self-assessed their skills more 
highly than students intending various other specialties, we 
treated general surgery as the reference category to which 
each remaining specialty category was compared. The odds 
of high SAA group membership were lower for respondents 
in each of the anesthesiology (adjusted odds ratio [AOR] = 
0.61, p < 0.001), ophthalmology (AOR = 0.65; p = 0.006), 
pediatrics (AOR = 0.82; p = 0.047), psychiatry (AOR = 
0.67, p < 0.001), and radiology (AOR = 0.62, p < 0.001) 
categories compared with those in the general surgery cate-
gory. The odds of high SAA group membership were similar 
for respondents in each of the emergency medicine, family 
medicine, OBGYN, orthopedics surgery, other surgical spe-
cialties, internal medicine, and all other specialtiescategories 
compared with those in the general surgery category.

Results also showed that passing Step 2 CS (AOR = 
1.36, p = 0.007), higher Step 2 CK score (per unit increase, 
AOR = 1.12, p < 0.001), and higher EPA observation/
feedback frequency (AOR = 2.41, p < 0.001) were each 
associated with a greater odds of high SAA group mem-
bership. The odds of high SAA group membership were 
similar for women (compared with men, AOR = 1.01, p 
= 0.84) and for attendance at a medical school with (com-
pared to without) required specialty-specific fourth-year 
transition to residency course or courses (AOR = 1.14, p 
= 0.08). Finally, if data for EPA12: Perform general pro-
cedures (example: intravenous line placement) of a physi-
cian were excluded from analyses, LPA produced the same 
2-group solution and all regression results were essentially 
unchanged (data not shown).

DISCUSSION
The APDS has recently recommended readiness 
for entrustment in all 13 Core EPAs (ie, ready to be 
entrusted to perform the activity under indirect super-
vision) for graduating students entering general surgery 
training.5 Our findings represent a first step in provid-
ing national-level data regarding the extent to which US 
LCME-accredited medical school graduates planning to 

http://links.lww.com/JACS/A136
http://links.lww.com/JACS/A136
http://links.lww.com/JACS/A136
http://links.lww.com/JACS/A136
http://links.lww.com/JACS/A136
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enter surgery training have acquired the skills to perform 
these activities. Our results suggest that, on the basis of 
self-assessment data only, those intending general sur-
gery may be relatively more well prepared to perform the 
Core EPAs compared with their peers intending various 
other specialties. Findings for each of orthopaedic sur-
gery, “other surgical specialties” (of neurosurgery, plastic 
surgery, urology, and otolaryngology), OB/GYN, and 
ophthalmology shared some similarities with findings 
for general surgery, but there were some specialty-spe-
cific differences. However, our findings also highlight 
“systemic” gaps at a national level in graduating medical 
students’ self-assessed skills for certain EPAs across all 
specialties.

Although all 13 EPAs are considered by program direc-
tors to be relevant activities for graduates entering general 
surgical training,2,5 this may not necessarily be so for pro-
gram directors in other specialties—there may be special-
ty-specific differences in program directors’ expectations 
for their entering PGY-1 residents. According to results 
of a national survey of IM program directors regard-
ing their perspectives on the 13 Core EPAs,31 although 
most respondents indicated that it was not necessary for 
incoming interns in IM to be prepared to perform EPA12 
(Procedures) under indirect supervision at the start of res-
idency, most respondents indicated that incoming interns 
must or should be ready to perform all the other Core 
EPAs under indirect supervision.31 In a separate study 

Table 4. Multilevel Logistic Regression Results

Variable AOR 95% CI p Value 

Specialty    
  Anesthesiology 0.61 0.49-0.77 <0.001
  Emergency medicine 0.94 0.77-1.15 0.568
  Family medicine 0.82 0.67-1.01 0.062
  General surgery*    
  Internal medicine 0.88 0.74-1.05 0.157
  Obstetrics and gynecology 0.84 0.68-1.04 0.114
  Ophthalmology 0.65 0.48-0.89 0.006
  Orthopaedic surgery 1.06 0.82-1.37 0.678
  Other surgical specialties† 1.21 0.96 -1.54 0.112
  Pediatrics 0.82 0.67-1.00 0.047
  Psychiatry 0.67 0.53-0.84 <0.001
  Radiology 0.62 0.49-0.79 <0.001
  All other specialties‡ 0.84 0.68-1.04 0.118
Gender    
  Men Ref Ref  
  Women 1.01 0.93-1.10 0.839
USMLE Step 2 CS    
  Fail, 1st attempt Ref Ref  
  Pass, 1st attempt 1.36 1.09-1.69 0.007
Attendance at a medical school with required specialty-specific fourth-

year transition to residency course(s)
   

  No Ref Ref  
  Yes 1.14 0.98-1.31 0.084
USMLE Step 2 CK, per unit increase§ 1.12 1.07-1.69 <0.001
Extent of observation and feedback across the 13 skills, per unit 

increase§
2.41 2.30-2.52 <0.001

N = 12,308. Because the data consist of 12,308 respondents nested in 142 US LCME-accredited medical schools, we used multilevel logistic regression to examine the extent to which 
each measure in the model was independently associated with group membership.
* “General surgery” includes surgery, vascular surgery, and thoracic surgery.
† “Other surgical specialties” includes neurological surgery, otolaryngology, plastic surgery, and urology.
‡ “All other specialties” includes dermatology, neurology, child neurology, pathology, physical medicine and rehabilitation, preventive medicine, radiation oncology, and medical 
genetics.
§ Units are in standard deviations.
AOR, adjusted odds ratio; CK, clinical knowledge; CS, clinical skills; USMLE, US Medical Licensing Examination.
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focused on competency-based, time-variable education 
in pediatrics (the Education in Pediatrics Across the 
Continuum [EPAC] study), readiness to perform all the 
Core EPAs, except EPA12, under indirect supervision 
was among the criteria for advancement from UME to 
GME.32 Thus, although there is likely a role for special-
ty-specific curricula in UME for select Core EPAs (eg, 
EPA12), many of the Core EPAs may be broadly applica-
ble across numerous specialties and for substantial propor-
tions of all graduating medical students. Although only 2 
national program director organizations (surgery program 
directors and internal medicine program directors) have 
taken positions on their expectations for incoming res-
idents regarding the Core EPAs, it is worth noting that 
program directors in these 2 specialties alone had respon-
sibility for the incoming residents who filled 42% (13,506 
of 32,194) of all PGY-1 positions offered in the National 
Resident Matching Program in 2019.33

Based on response patterns across all 13 EPA-SAA 
items, our LPA identified 2 groups of respondents: about 
one-third of respondents in a moderate SAA group and 
two-thirds in a high SAA group. Across the 13 activities, 
we observed a common within-group profile of agreement 
with highest levels of self-assessed skill for EPAs 1, 5, 6, 
and 9; intermediate levels for EPAs 2, 3, and 7; and rel-
atively low levels for EPAs 4, 8, and 10 to 13. Our study 
included cross-sectional data collected from students at 
only one point in time—in spring of the respondents’ 
final year in medical school—so we do not have informa-
tion regarding when in the course of their undergradu-
ate education the respondents in our study may have felt 
that they had acquired skills in these activities. However, 
insights about when in the course of their medical school 
education students may acquire the skills to perform vari-
ous EPAs have emerged from the work of the EPAC con-
sortium.32 In brief, at the 4 institutions that participated 
in the EPAC study, small numbers of selected students (~4 
per year at each school) committed to careers in pediat-
rics were advanced in a time-variable competency-based 
program of progression through UME, into GME, and 
through GME. Readiness for entrustment to perform the 
Core EPAs (except EPA12) under indirect supervision, as 
determined by the Clinical Competency Committee, was 
among the criteria that students had to meet to advance 
to GME (students also had to meet all other gradua-
tion requirements for the MD-degree program at their 
respective medical schools).32,34 For these students, the 
Core EPAs were implemented in an EPA framework.35 
Assessment data for students from all 4 schools partici-
pating in EPAC were pooled to create growth curves pre-
dicting students’ achievement of level 3a (as specified by 

the EPAC investigators, “Allowed to practice EPA only 
under reactive/on-demand supervision, with supervisor 
immediately available; all findings double checked”) for 
each EPA.32 Students were predicted to reach level 3a early 
in the third year of medical school for EPAs 1, 5, and 6.32 
These findings are consistent with the reporter-interpret-
er-manager-educator model regarding identification of 
these 3 EPAs as “reporter-level,”36 which are foundational 
activities well ingrained in the medical education curricu-
lum starting in the preclerkship years. EPAC students were 
predicted to reach level 3a for EPAs 2 to 4, 7 to 11, and 
13 later in the third year and well into the fourth year of 
medical school. For EPA12, level 3a was predicted not to 
be reachable by students in EPAC at any point in medical 
school, which the study authors suggested was due to a lack 
of procedural practice opportunities for their students.32

We speculate that there may be greater variation in the 
extent to which medical schools have integrated curricu-
lum content and assessment of the various non-Reporter 
level activities in the required curriculum for all students. 
Students may have fewer opportunities to perform and 
get feedback on these more advanced level EPAs in the 
clinical workplace, entering residency with relatively 
lower levels of self-assessed skills in these activities that 
they may be expected to perform under indirect super-
vision as new interns. Our findings suggest that EPAs 4, 
8, and 10 through 13 may warrant particular attention of 
medical educators across the UME-GME continuum for 
joint efforts to optimally prepare graduates for the start of 
residency.

Our specialty findings may be of interest to surgery 
program directors and other GME leadership offering 
not only categorical, but also preliminary PGY-1 posi-
tions that may be filled by trainees subsequently entering 
advanced positions in specialties such as anesthesiology 
or ophthalmology. Our results suggest that there may be 
differences in skills at the start of GME training between 
categorical and preliminary position residents, depending 
on their ultimate specialty intentions. Therefore, certain 
trainees may need additional support and supervision at 
the start of the PGY-1 year. In addition, this information 
may be helpful for medical educators in UME regarding 
the need to communicate to students the expectations 
regarding the Core EPAs if they may enter a PGY-1 year 
in surgery, regardless of their ultimate specialty. Specific 
curricular experiences in the fourth year (eg, surgery act-
ing internships/subinternships, the ACS/APDS/ASE 
Residency Preparation Curriculum), including opportuni-
ties to perform Core EPAs (among other aspects) might 
be particularly useful for their preparedness for the PGY-1 
year of surgical training.
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We did not have information at the school level regard-
ing approaches taken to the integration of all or some of 
the Core EPAs in the curriculum, for all of their students 
or for a selected subset of their students (such as students 
participating in EPAC32). Thus, although the skills items 
we analyzed in our study are the skills that have been 
described as Core EPAs, we cannot make any inferences 
about how the respondents in our study may have acquired 
the skills. We speculate that variations in the extent to 
which the skills described as Core EPAs were integrated 
into required and elective UME curricula, and approaches 
taken to do so at the schools attended by students in our 
study, may have contributed to differences we observed 
across schools in SAA group membership. We describe a 
few such examples of different schools’ approaches here. 
At one school, readiness to perform Core EPAs 1 to 3, 5, 
and 6 under indirect supervision at the completion of the 
required clerkships’ curriculum is being piloted as a crite-
rion for advancement to acting internships/subinternships 
in the final year of medical school.37 Some schools have 
used targeted approaches for a subset of Core EPAs dur-
ing subinternships to increase students’ opportunities to 
perform and get feedback in more advanced, non–report-
er-level Core EPAs38 (of note, a single-institution study 
of entering residents across numerous specialties reported 
independent associations between acting internship/sub-
internship participation and self-assessed readiness to per-
form some Core EPAs8). Finally, some schools have used, 
in whole or in part, the ACS/APDS/ASE Resident Prep 
Curriculum that involves 11 scenarios that map to 7 of the 
Core EPAs.5,6

We did have limited information at the school level 
regarding required transition to residency courses and 
observed an association in univariate analysis only between 
attendance at a school with specialty-specific transition to 
residency course(s) and SAA group membership. However, 
we did not have any information about the specialties in 
which these specialty-specific courses were offered and 
which, if any, such specialty-specific courses were taken 
by students at those schools that offered them. We did 
not observe an association in univariate analysis between 
attendance at a school with a required transition to resi-
dency course for all students and SAA group membership. 
This may be due, at least in part, to the wide variation 
across medical schools in the content and duration of these 
required transition to residency courses for all students.39

In considering our self-assessment data for the skills 
described as Core EPAs in the context of students’ prepa-
ration for the transition to residency, it is very important 
to note that the clinical skills required to begin a residency 
program extend well beyond those described as the Core 

EPAs; this caveat equally applies to those specialties for 
which program directors have endorsed the Core EPAs 
for their entering residents.5,31 LaFemina and colleagues5 
described entrustability in the 13 Core EPAs as only one of 
a number of recommendations for senior students prepar-
ing for general surgery training. Similarly, in their report 
of the results of a national survey of internal medicine 
residents regarding important skills for internship, Pereira 
and colleagues40 observed that, of the 10 skills identified 
as being very important, only 4 overlapped with the skills 
described in the AAMC Core EPAs. Thus, skills in Core 
EPAs can be regarded as, potentially, a subset of all the 
skills needed in preparing to enter GME, but should not 
be considered as an exhaustive list encompassing all the 
skills required for the start of residency in any specialty.

Our study has numerous additional limitations. 
Because of the relatively small numbers of GQ respond-
ents intending some surgical specialties (each of neuro-
surgery, urology, otolaryngology, and plastic surgery), we 
created a single “other surgical specialties” category for 
these 4 surgical specialties combined. The data included 
in our study regarding frequency of observation/feedback 
were subject to recall bias. We note that our outcome of 
interest was based on self-assessment data only; it is possi-
ble that specialty-specific differences in respondents’ over-
all self-confidence may have contributed to differences in 
self-assessed skills. Although meta-analysis of 35 published 
articles of medical student self-assessment suggests that 
students may be more accurate nearer the end of med-
ical school,41 as were the GQ respondents in our study, 
these self-assessments of skill may be overestimates; pro-
gram directors’ assessments of PGY-1 residents generally 
regarding readiness to perform EPAs may differ from those 
of graduate cohorts themselves.2,42 Despite limitations of 
self-assessment data, we do note that studies have shown 
similarities in patterns across various EPAs—to patterns 
we observed across EPAs in self-assessed skills in both high 
SAA and moderate SAA groups—in assessments by oth-
ers of students’ readiness to perform EPAs under indirect 
supervision.32,42,43

Although we used a national dataset, there was selection 
bias in the final sample toward women and graduates who 
performed more highly on Step 2 CK and passed Step 2 
CS. Because these Step results were independently associ-
ated with our study outcome, it is likely the distribution 
of moderate and high SAA is skewed toward the high SAA 
group in our study sample compared with all US LCME 
medical school graduates, in general. Finally, because our 
sample comprised only US LCME-accredited medical 
school graduates, our findings may not generalize to oste-
opathic or international medical school graduates.
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CONCLUSIONS
In a national sample of sufficient size to examine 13 differ-
ent specialty categories, we observed that graduating stu-
dents’ self-assessed Core EPAs skills were higher for those 
intending general surgery, as well as those intending ortho-
paedic surgery, and “other” surgical specialties (plastic sur-
gery, neurosurgery, otolaryngology, and urology, combined 
as a single group for analysis) compared with those intend-
ing various nonsurgical specialties. We identified some spe-
cialty-specific differences in graduates’ self-assessed skills 
in Core EPAs both among surgical specialty categories 
and among all specialty categories included in the study. 
We also observed similar patterns across all specialties in 
a group of Core EPAs that graduating medical students 
(regardless of specialty), in general, felt more well-prepared 
to perform, based on the self-assessment data we examined 
(EPAs 1, 5, 6, and 9) and in a group of Core EPAs that 
graduating medical students (regardless of specialty) gen-
erally felt less well prepared, based on the self-assessment 
data we examined, to perform (EPAs 4, 8, and 10 to 13). 
These results can inform collaborative efforts across the 
UME-GME continuum, catalyzed by the recent release of 
the Coalition for Physician Accountability Undergraduate 
to Graduate Review Committee report,7 to more explic-
itly define the skills that will be expected of graduates at 
the start of PGY-1 training in each specialty and to ensure 
graduates’ acquisition of these expected skills for the spe-
cialties they enter as PGY-1 residents
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