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ABSTRACT

Background: Developmental trajectories of clinical skills in training physicians vary among
tasks and show interindividual differences. This study examined the predictors of medical
internship performance and residency entrance and found subtypes of performance
trajectory in training physicians.

Methods: This retrospective cohort study involved 888 training physicians who completed a
medical internship between 2015 and 2019. After the internship, 627 physicians applied for
residency training between 2016 and 2020. Finally, 160 of them completed their first-year
residency in internal medicine, surgery, pediatrics, and psychiatry departments between 2016
and 2020. Pearson’s correlation coefficients of internship performance and first year-residency
performance (n = 160) were calculated. Latent profile analysis identified performance
trajectory subtypes according to medical school grade point average (GPA), internship
performance, English proficiency, and residency selection procedures. Multivariate logistic
regression models of residency acceptance (n = 627) and performance in the top 30%/lower
10% in the first year of residency were also constructed.

Results: Medical internship performance showed a significant positive correlation with the
medical school GPA (r= 0.194) and the written score for the medical licensing examination
(r=0.125). Higher scores in the interview (adjusted odds ratio [aOR], 2.57) and written
examination (aOR, 1.45) of residency selection procedures and higher medical internship
performance (aOR, 1.19) were associated with a higher chance of residency acceptance. The
latent profile analyses identified three training physician subgroups: average performance,
consistently high performance (top 30%), and adaptation to changes (lowest 10%). Higher
scores in the interview for residency selection (aOR, 1.35) and lower scores for medical
internship performance (aOR, 0.79) were associated with a higher chance of performing in
the top 30% or lowest 10% in the first year of residency, respectively.

Conclusion: Performance in the interview and medical internship predicted being among
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the top 30% and lowest 10% of performers in the first year of residency training, respectively.
Individualized educational programs to enhance the prospect of trainees becoming high-
functioning physicians are needed.

Keywords: Graduate Medical Education Training; Medical Internship;
First Year of Medical Residency; Workplace-Based Assessment; Latent Profile Analysis;
Multivariate Logistic Regression

INTRODUCTION

The transition from being a medical student to a training physician can be complex and
stressful, especially given uncertainties regarding how to enter and pursue a postgraduate
training program for a specific specialty.! While training physicians might share similarities
during residency training,2 the developmental trajectories of clinical skills could also

vary among the different tasks (indicated by curvilinear slopes for history-taking, clinical
reasoning, diagnostics, documentation, and presentation [linear slope for teamwork]), and
there are also interindividual differences.3 Competence in practice-based learning follows a
curvilinear growth curve in the early stages of residency training,4 and the accuracy of self-
evaluation tends to improve in the later stages of residency training.5 Of note, approximately
10-15% of training physicians in residency programs may not achieve a sufficient level of
proficiency for at least one sub-competency at any time during their residency.20 Positive
predictors of success in the residency training of family medicine include having a higher
level of clinical knowledge, professionalism, proficient communication skills, a positive
attitude, the ability to accept and integrate feedback, and high emotional intelligence.”
Moreover, a lower likelihood of burnout in medical residents of internal medicine, surgery,
and emergency medicine is associated with higher self-efficacy, professional development,
meaningful work, and hospital support.8 To enhance the accuracy of predictions and

aid preparation for residency applications and training, program directors and training
physicians should strive to identify more dependable indicators of residency performance in
both the undergraduate and postgraduate periods.

Among other factors, the level of academic achievement in medical school may be associated
with that in residency training. Failing the American Board of Internal Medicine Certification
Exam on the first attempt is associated with older age on entering residency among medical
residents of internal medicine; a lower percentile rank on the Internal Medicine In-Training
Examination in each of the first, second, and third years of training; and lower scores on
United States Medical Licensing Examination (USMLE) Steps 1, 2 (Clinical Knowledge), and
3.9 In fact, the level of medical knowledge in medical residents measured via the in-training
examination is positively correlated with the examination scores for USMLE Steps 1 and

2.6 Moreover, sufficient medical knowledge in residency training might be a prerequisite

for professionalism as a certified physician. Previous studies on training physicians in the
United States have shown that higher levels of medical knowledge reduce diagnostic errors
and the likelihood of severe disciplinary actions, while also being associated with superior
performance in leadership and other areas.10-13

However, little information is available regarding the various subtypes of performance
growth curves among training physicians after graduation from medical school. Moreover,
few studies have subtyped training physicians according to their performance trajectory.
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Therefore, in the current study, we subtyped training physicians in terms of their
performance trajectory and examined predictors of residency entrance and performance
during the internship and first-year residency. For this purpose, we determined to what
extent performance in a medical internship, where medical interns work in multiple diverse
departments for 1 year, has predictive power for future performance as a resident. We

also explored whether the grade point average (GPA) during medical school can serve as

a predictor of performance as a resident, considering its role as an indicator of cognitive
function, conscientiousness, and self-management ability.

METHODS

Study design and participants

This retrospective cohort study involved 888 medical interns (Table 1) who completed an
internship certified by the Accreditation Council of the Korean Hospital Association from
2015 to 2019 with monthly evaluation by program directors at Seoul National University
Hospital (SNUH), a university-affiliated tertiary general hospital with 1,950 physicians

and 1,782 beds (http://www.snuh.org). The interns’ mean age at the start of the medical
internship was 26.8 * 2.3 years, and the male:female ratio was 0.56:0.44. We collected various
data regarding the interns, including their demographics, GPA during medical school, scores
on the written medical licensing examination, and scores on language proficiency tests such
as the Test of English for International Communication (TOEIC), Test of English as a Foreign
Language (TOEFL), and Test of English Proficiency developed by Seoul National University
(TEPS). Additionally, we obtained average performance scores during the medical internship,
focusing on patient care, communication, clinical skills (including cardiopulmonary
resuscitation), self-directed learning ability, patient safety, and professionalism. Medical
internship performance was scored monthly by the training director of each department
according to the trainee’s allocation in the monthly rotation schedule. The reliability of the
score was assessed through annual determination of the Cronbach’s a coefficient, which
ranged from 0.915 to 0.960.

Statistical analysis: prediction of medical internship performance

Among the 888 training physicians who completed a medical internship between 2015 and
2019 (Table 1), 627 applied for a residency training program at SNUH between 2016 and 2020
for specialties where there was competition for residency entrance during the study period
(such as internal medicine, pediatrics, psychiatry, neurology, rehabilitation medicine, family
medicine, ophthalmology, or orthopedic surgery). Pearson’s correlation coefficients were
calculated to examine the associations between internship performance and performance in
other areas including medical school GPA, written exams (focusing on proper clinical case
management in the fields of internal medicine, general surgery, obstetrics and gynecology,
and pediatrics), semi-structured interviews (assessing clinical competencies, interpersonal

Table 1. Demographic characteristics of training physicians who completed a medical internship between 2015
and 2019 (N = 888)

Year No. of internship No. of male:female No. of drop-outs
2015 186 98:88 4
2016 181 95:86 4
2017 180 90:90 0
2018 180 109:71 3
2019 182 121:61 11
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Table 2. Pearson correlation coefficients of medical internship performance with other performance metrics in training physicians who completed a medical
internship between 2015 and 2019 and applied for a residency between 2016 and 2020 (N = 627)

Subtyping of Training Physician Performance

Performances Written part of medical GPA of medical Written exam for Interview for English Additional
licensing exam school® residency selection® residency selection proficiency point®
GPA of medical school®
r 0.523"
P <0.001
Written exam for residency selection®
r 0.267"" 0.339"
P <0.001 <0.001
Interview for residency selection
r -0.085" -0.023 0.322"
P 0.011 0.496 <0.001
English proficiency
r 0.002 0.058 0.150" 0.065
[P 0.952 0.083 <0.001 0.052
Additional point®
r 0.036 0.080" 0.027 0.073" 0.052
P 0.281 0.016 0.419 0.029 0.118
Medical internship performance®
r 0.125™ 0.194"™ 0.058 -0.036 0.062 0.079"
P <0.001 <0.001 0.083 0.278 0.066 0.019

GPA = grade point average.

2GPA at medical school graduation.

PWritten test score for internship applicant selection.

°Additional point for applicant with a special achievement, such as research output or a career in community service.
dInternship performance score for 1year.

"P<0.05; "P<0.01.

competencies, and self-management), English proficiency, and special achievements during
medical school (n = 627; Table 2). The threshold for statistical significance was set at P < 0.05/5
(where 5 represents the number of medical intern selection criteria) (i.e., P < 0.01).

Statistical analysis: prediction of acceptance in residency program

A receiver operating characteristic (ROC) curve was drawn, and the area under the curve

(AUC) was derived to evaluate the diagnostic ability of each of these six items in discriminating
between the accepted and unaccepted applicants (Fig. 1). For three items that showed high
performance according to the ROC curves, the adjusted odds ratio (aOR) of acceptance

into the residency was calculated with adjustment for other variables including sex,
application year, GPA during medical school, TOEIC/TOEFL/TEPS scores, medical internship
performance score, and scores for the residency selection procedures (written examination,
practical test, and interview) (upper rows in Table 3).

Statistical analysis: subgrouping of trainees and prediction of first-year
residency performance

For 211 training physicians (including 160 who completed their medical internship from
2015 to 2019) who completed their first year of residency training in internal medicine,
surgery, pediatrics, and psychiatry departments at SNUH between 2016 and 2020, the
average residency performance score was obtained. Residency performance in the first year
of residency in terms of patient care, communication, clinical skills, self-directed learning
ability, patient safety, system-based practice, and professionalism was scored monthly by
the training director of each department according to the trainee’s position in the monthly
rotation schedule. The reliability of this score was assessed through annual determination
of the Cronbach’s o coefficient, which ranged from 0.891 to 0.960. Multivariate logistic
regression analyses were performed to examine the utility of using medical school GPA,
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Fig. 1. Receiver operating curves predicting residency acceptance in 627 training physicians who completed a
medical internship between 2015 and 2019 and applied for the medical residency program between 2016 and
2020 based on medical school GPA, medical internship performance, English proficiency tests (TOEIC/TOEFL/
TEPS), and written exam/practical exam/interview for residency selection.

GPA = grade point average, TOEIC = Test of English for International Communication, TOEFL = Test of English as a
Foreign Language, TEPS = Test of English Proficiency developed by Seoul National University.

English proficiency test scores, medical internship performance, and written exams, practical
exams, and semi-structured interviews for predicting the average performance in the first
year of residency, classified as being within the top 30%, lower 30%, or lowest 10% (lower
rows in Table 3). Further, for items with the highest explanatory power for the top 30%, lower
30%, or lowest 10% performance class in each department, we calculated the aORs of falling
into these strata in the first year of residency. This calculation involved adjusting for other

Table 3. Multivariate logistic regression analysis of residency acceptance and first-year residency performance

Dependent variables Outcomes Explanatory variables aOR (95% CI)  Pvalue
Residency acceptance in training physicians who completed a medical Pass Medical internship performance score 1.19 0.005
internship and applied for medical residency program between 2016 and (1.05-1.33)
2020 (n = 627). Adjusted for sex, year, medical school GPA, TOEIC/TOEFL/ Pass Written exam for residency selection 1.45 <0.001
TEPS scores, medical internship performance, written exam/practical test/ (internal medicine, general surgery, (1.22-1.792)
interview for residency selection. obstetrics and gynecology, pediatrics)
Pass Interview for residency selection 2.57 <0.001
(2.17-3.04)
First-year residency performance in training physicians who completed Top 30% Interview for residency selection 1.35 0.027
the first year of residency between 2016 and 2020 (n = 211; 160 of these (1.03-1.76)
training physicians also completed a medical internship between 2015 Lower 30% Medical internship performance score 0.76 0.001
and 2019). Adjusted for medical school GPA, TOEIC/TOEFL/TEPS scores, (0.64-0.90)
medical internship performance, written exam/practical test/interview for | gest 109% Medical internship performance score 0.79 0.013
residency selection. (0.66-0.95)

aOR = adjusted odds ratio, CI = confidence interval, GPA = grade point average, TOEIC = Test of English for International Communication, TOEFL = Test of English
as a Foreign Language, TEPS = Test of English Proficiency developed by Seoul National University.
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variables, including medical school GPA, medical internship performance score, English
proficiency test scores, and scores from residency selection procedures (written examination,
practical test, and interview).

Subtyping of Training Physician Performance

Of note, for a subgroup of 160 training physicians who completed both a medical internship
between 2015 and 2019 and their first year of residency between 2016 and 2020 at SNUH,

we performed a latent profile analysis!4 to identify subgroups with differential performance
trajectories (Fig. 2A), including the medical school GPA, score for the written part of the
medical licensing examination, medical internship performance score, English proficiency
test scores, scores for the residency selection procedures, and first-year residency
performance score. A latent profile analysis is a branch of Gaussian finite mixture modeling;
it models the probability of each case belonging to a profile and identifies distinct subgroups
within the data. In this study, the R package “mclust”15 was used to perform the latent
profile analysis based on the z-transformed mean and standard deviation scores for each

of the eight above-mentioned variables. Additionally, Pearson’s correlation coefficients
among these eight variables were calculated (n = 160) (Fig. 2B). Further, for each separate
department, i.e., internal medicine (n = 66, blue dots), surgery (n = 25, pink dots), pediatrics
(n =46, yellow dots), and psychiatry (n = 23, purple dots), scatterplots with marginal
histograms (Fig. 3) illustrated the distributions and associations of the performance score in
the first year of residency (y-axis) with the medical school GPA, written examination score in
the medical licensing examination, medical internship performance, and residency selection
procedures of the written examination (focusing on the proper clinical case management

in the subjects of internal medicine, general surgery, obstetrics and gynecology, and
pediatrics) and semi-structured interviews (assessing clinical competencies, interpersonal
competencies, and self-management).
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Fig. 2. Subtypes of performance trajectory in training physicians. (A) Latent profile analysis divided 160 training physicians who completed both a medical internship
between 2015 and 2019 and the first year of residency training between 2016 and 2020 into three subgroups: average (n =106), consistently high achiever (n = 37),
and adapting to challenges (n =17). (B) Correlation matrix (Pearson’s correlation coefficients are shown and are marked with red rims when P < 0.05; n = 160) among
the zGPA, zLICENSE, zINTERN, zENG, scores for residency selection procedures including the written examination (zIGOP), zZINTERVIEW, and zPRACTICE, and zR1raw.
zGPA = z-score-transformed medical school GPA, zLICENSE = z-score-transformed medical licensing examination score, zZINTERN = z-score-transformed medical
internship performance score, ZENG = z-score-transformed TOEIC/TOEFL/TEPS scores, zIGOP = z-score-transformed internal medicine, general surgery, obstetrics
and gynecology, and pediatrics, zZINTERVIEW = z-score-transformed interview, zPRACTICE = z-score-transformed practical test, zR1raw = z-score-transformed
first-year residency performance score.
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The Cronbach’s alpha coefficient was calculated to determine the reliability of the
performance score of the medical internship and first year of residency. Statistical analyses
were performed using SPSS software (version 23.0; IBM Corp., Armonk, NY, USA).

Ethics statement

The SNUH Institutional Review Board (IRB) reviewed and approved protocol of this study
(IRB No. 2007-019-1139). The requirement for written informed consent was waived because
of the study’s retrospective cohort design and use of anonymous data. All study procedures
were performed in accordance with the principles stated in the Declaration of Helsinki.

RESULTS

Predictors of medical internship performance

Table 2 shows Pearson’s correlation coefficients among the medical internship performance
score, medical school GPA, score in the written part of the medical licensing examination,
English proficiency test scores, and interview during medical internship selection (n = 888;
training physicians who completed a medical internship between 2015 and 2019). Notably,
the medical internship performance score showed a significant positive correlation with

the medical school GPA (r=0.194, P < 0.001) and score for the written part of the medical
licensing examination (7= 0.125, P < 0.001). On the contrary, scores for TOEIC/TOEFL

and residency selection procedures did not have significant associations with internship
performance (all P> 0.05).

Predictors of acceptance into residency program

Fig. 1 shows the AUC values derived from the ROC curves of training physicians who
completed their internship and applied for the medical residency program at SNUH from
2016 to 2020 (n = 627). The residency selection interview (AUC = 0.899), residency selection
practical test (AUC = 0.766), and medical internship performance score (AUC = 0.739)
showed good discrimination ability (AUC of > 0.7 for all) between accepted and unaccepted
training physicians. The aORs derived from the multivariate logistic regression models
(Table 3) demonstrated higher odds of acceptance into the residency program with higher
scores in the interview (aOR, 2.57) and written examination (aOR, 1.45) of the residency
selection procedures, in addition to the medical internship performance score (aOR, 1.19),
after adjustment for sex, residency application year, medical school GPA, TOEIC/TOEFL
scores, medical internship performance score, and residency selection procedures (written
examination, practical test, and interview).

Subgrouping of training physicians and prediction of first-year residency
performance

In the subgroup of training physicians who completed both a medical internship between
2015 and 2019 and their first year of residency in internal medicine, surgery, pediatrics,

and psychiatry departments between 2016 and 2019 at SNUH (n = 160), the latent profile
analysis identified subgroups with differential performance trajectories (Fig. 2A). Among
the models of subgroups 1-5, the lower Bayesian information criterion in the 3-, 4-, and
5-class models than in the 1- and 2-class models suggested that the 3-, 4-, and 5-class models
(Bayesian information criterion = -3,487.147, -3,510.343, and -3,510.434, respectively) fit the
data better. The Lo—Mendell-Rubin test and bootstrap likelihood ratio test of the 3-, 4-, and
5-class models indicated that the 4-class model was more effective than the 3-class model
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(P=0.001) and comparable to the 5-class model (P=0.055). To ensure adequate participant
representation in each subgroup (n > 10), we ultimately selected the 3-class model. This
model included subgroups representing average performance (n = 106), consistently high
achievers (n =37, top 30%), and those adapting to challenges (n = 17, lowest 10%).

Considering all of these 160 training physicians combined, performance in the first

year of residency was significantly associated with the scores of both medical internship
performance (r=0.179, P < 0.05) and the written part of the medical licensing examination
(r=0.176, P < 0.05) (Fig. 2B, 3B and C) but not with the medical school GPA or residency
selection procedures (Figs. 2B, 3A, B, and E; all P> 0.05). On the contrary, and supporting the
suitability of the subgroups of performance trajectory distinguished in this study (Fig. 2A), the
aOR derived from the multivariate logistic regression models (lower rows in Table 3) showed
that training physicians who completed their first year of residency training between 2016
and 2020 at SNUH (n = 211), regardless of whether they completed a medical internship
between 2015 and 2019 at SNUH, had higher odds of achieving performance in the top 30%
if they had higher scores in the residency selection interview (aOR, 1.35); a lower medical
internship performance score was associated with increased odds of performance within the
lowest 10% in the first year of residency (aOR, 0.79).

DISCUSSION

To the best of our knowledge, this study is the first to subtype the performance trajectory of
training physicians across medical school, medical internship, and the first year of residency
training. In this study, training physicians who completed their medical internship and

first year of residency (n = 160) could be categorized into three subtypes (Fig. 2A): average
performance (n =106), consistently high performance (n = 37, top 30%), and adaptation to
changes (n =17, lowest 10%). This finding is consistent with previous studies of medical
students. During the final 2 years of preclinical education, medical students demonstrate
heterogeneity of learning trajectories and coursework performance, which are associated
with their Medical School Admission Test scores and USMLE Step 1 scores.16 Upon medical
school graduation, medical students could be divided into higher achievement and
moderate achievement subgroups based on their self-assessed core professional skills.17
Further, during residency, training physicians need to reach the practicing member stage,
where they enhance their independent clinical and team management skills, refine their
decision-making abilities, and develop team leadership skills.18 However, the diversity of
both individual and workplace-related factors might affect the developmental trajectory

of physician performance. First, distinctions arise among training physician subgroups

in terms of prioritizing work-related factors within the team, the acknowledgment of
individual efforts in the workplace, and proficiency in stress management skills, all of
which contribute to global well-being.19 Second, there is potential discordance in the
evaluation of clinical skills when comparing self- and supervisor assessments,20 possibly
hindering the feedback-related clinical development of training physicians. Third, learning
environments differ according to the teaching facilities of the hospital, the average teaching
performance, and the percentage of time spent on educational activities by the faculty

in each department.1® Therefore, there is a need for postgraduate medical educational
programs that are specifically tailored to the diverse trajectories of performance. Such
programs should aim not only to promote excellence but also to address and rectify the
specific shortcomings identified in training physicians.2!
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We also found a positive correlation between medical internship performance and first-year
medical residency performance (r= 0.179; Fig. 2). In other words, a lower medical internship
performance score was associated with increased odds of exhibiting performance within

the lowest 10% during the first year of residency training (aOR, 0.79; Table 3). Because of
the low amount of variance attributed to the learner (< 10%), in addition to the effects of
confounders such as the developmental stage of faculty members as educators and raters,22
scale selection, and perceived differences in faculty grading stringency,?3 a larger number

of observations (median of 60) might be required for reasonable reliability of workplace-
based assessments based on the Core Entrustable Professional Activities for Entering
Residency.1%22 Collectively, our results highlight the potential significance of averaging
medical internship performance scores across 1 year of monthly evaluations within each
department. This approach may be valuable for achieving a comprehensive understanding of
clinical performance across diverse working conditions.

Regarding the factors that could potentially explain the variance in medical internship
performance among training physicians, we found a positive correlation between medical
internship performance and medical school GPA. This is in accordance with previous studies
that have predicted academic performance based on training performance. In one study,
medical residents with higher performance in medical school along with higher USMLE
Step 1 and 2 scores demonstrated significantly higher residency performance scores in four
domains (clinical, surgical, academic, and global performance) and were more likely to
pass the board examination on their first attempt.24 In another study, higher USMLE Step

2 Clinical Knowledge scores were associated with lower odds of overcoming performance-
related difficulties arising during residency.?5 These findings align with the hypothesis put
forth by program directors in medical schools, suggesting that core clerkship performance
serves as a reliable indicator of an applicant’s readiness for residency. This is particularly
evident in Accreditation Council for Graduate Medical Education domains such as Medical
Knowledge, Patient Care, and Procedural Skills.26

The current study also demonstrated higher odds of achieving top 30% performance in the
first year of residency among training physicians who scored high in the residency selection
interview (aOR, 1.35). This aligns with earlier research emphasizing the predictive value of
structured interviews, where standardized job-related questions applied uniformly to all
applicants were able to forecast residents’ performance, including in-training examination
scores,?’ clinical?8:29 and academic?? performance, placement in the top third in the final
evaluation of the residency,30 successful completion of the residency,2? and pursuit of
academic jobs following residency.2” A 1-point increase in the overall interview score given

by general faculty during residency selection correlated with reduced odds of encountering
performance-related challenges during residency.25 However, training physicians with “quiet,”
“shy,” or “reserved” behavioral traits might be overlooked in terms of both interviews and
residency performance compared to their more extroverted peers.3! With support from natural
language processing in deciphering the semi-structured interview,32 more comprehensive
assessment of core values linked to resident success—such as intellectual curiosity,
compassion, communication, work ethic, teamwork, self-awareness, professionalism, and
adaptability33—could be achieved. This enhanced evaluation would be applicable to both the
residency selection interview and the assessment of residency performance.

This study had three main limitations. First, it involved medical interns affiliated to only a
single institution. Additional studies encompassing multiple training hospitals worldwide
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variability in factors related to the performance of the training physicians among the diverse
medical specialties and different stages of residency was not examined. Future studies
involving sufficient numbers of training physicians engaged in diverse medical specialties
would help to address this issue. Third, this study had no information regarding the self-
efficacy or subjective well-being of the training physicians. If the viewpoints of the training
directors and trainee themselves are simultaneously considered, a deeper understanding and
more accurate prediction of training physicians’ performance trajectories might be possible.

This study examined predictors of medical internship performance and residency entrance
and identified subtypes of performance trajectory in training physicians. Training physicians
who completed the first year of residency were divided into average, consistently high achiever,
and adapting to challenge subgroups. Medical internship performance was associated

with medical school GPA. Acceptance into a residency was related to medical internship
performance in addition to the residency selection procedures of interviews and written
exams (internal medicine, general surgery, obstetrics and gynecology, and pediatrics). Both
medical internship performance and interviews served as predictors for achieving top 30% or
lowest 10% performance in the first year of medical residency. In light of these findings, there
is a need for educational programs tailored to these potential predictors, aiming to achieve
excellence and address the identified shortcomings in training physicians.2!
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