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Abstract

Background and objectives Outcome-based medical education is the latest focus in the past decade, and
Entrustable Professional Activities(EPAs) have emerged as efficient vehicles to assess physicians. However, few studies
have discussed the use of EPAs for residency training in pediatric medicine and its subspecialties. We conducted

a pilot study to examine the feasibility of EPAs as a component of the clinical program of assessment in pediatric
standardized residency training.

Methods We conducted a cross-sectional study for standardized residency training in different subspecialties

within pediatric medicine at Qilu Hospital of Shandong University. Totally 65 residents and 35 directors joined in

this study. An electronic EPA survey using 8 scales composed of 15 categories was distributed among residents and
directors. Kruskal-Wallis test and Mann-Whitney U test were applied for comparing the self-assessments and director-
assessments. Generalized estimated equation (GEE) was used to analyze the effect of postgraduate year(PGY), gender,
and position on the EPA scores of director assessments.

Results A total of 401 director-assessment and 65 residents’self-assessment ( response rate 100%) questionnaires
were collected, both demonstrating rising trends in scores across PGYs. Significant differences were found between
PGY1 and PGY2 (p<0.01) and between PGY1 and PGY3 (p<0.01), but not between PGY2 and PGY3 (p>0.01). With
an effect analysis of PGY, gender, and position on EPA scores performed, PGY had a significant effect on 13 out of 15
EPA scores, while gender affected only four EPA scores significantly, and position affected only three EPA categories.
Meanwhile, some EPA categories revealed significant differences across various pediatric subspecialties (p <0.01).

Conclusions The study findings suggest that EPA assessments is feasible among different PGYs in standardized
Chinese residency training in pediatric medicine and its subspecialties. Postgraduate year had a significant impact
on EPA scores, while gender and resident position also affected EPA scores to a certain extent. Improved stratified
teaching programs are required for better subspecialty consistency.
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Article Summary

An EPAs survey was conducted to assess the clini-
cal performance of residents and directors of Chinese
pediatric standardized residency training in different
subspecialties.
What’s Known on This Subject

EPA assessments have a certain discriminating capa-
bility among different PGYs in Chinese standardized
residency training in pediatric medicine and its subspe-
cialties. Postgraduate year, gender and resident position
affected EPA scores to a certain extent. Well feedback
program is needed greatly.
What This Study Adds

Few studies have discussed the use of EPAs in pediat-
ric residency training. We conducted a pilot study of the
EPA for pediatric medicine and its subspecialties to eval-
uate the use of EPAs for residency training in pediatric
medicine.

Introduction

Outcome-based medical education has been the focus of
research in recent decades. A challenge faced by univer-
sities and other educational institutions when working
within competency frameworks lies in the assessment of
performance, particularly in specific workplace settings.
Hence Entrustable Professional Activities(EPAs) have
emerged as efficient vehicles for assessing physicians [1,
2, 3]. EPAs are defined as “units of professional practice,
defined as tasks or responsibilities to be entrusted to
unsupervised execution by a trainee once he or she has
attained sufficient specific competence” [4]. The con-
cept of “entrustable” refers to the ability of a physician
to perform medical activities safely and effectively with-
out supervisions [5]. EPAs are now widely used for the
assessment of physicians in numerous training programs
and curriculum development worldwide [6, 7, 8, 9, 10,
11]. Despite the seemingly universal affinity for EPAs, it
is still not completely integrated into the assessment of
resident progress and readiness for independent practice,
especially in pediatric residency training.

The EPA concept has been rapidly adopted in different
specialties in postgraduate medical education, including,
but not limited to, psychiatry, radiology, gastroenterol-
ogy, pathology, pediatrics and palliative medicine [12, 13,
14, 15, 16, 17, 18, 19, 20]. In recent years, there has been
a growing body of research on the application of EPA in
pediatric professional training and demonstrated that
EPA assessment was both valid and reliable [21]. How-
ever, the vast majority of studies focused on fellowship
rather than residency [22, 23, 24, 25, 26, 27]. Further-
more, there is still little research of the EPA for pediatric
residency training in China and the study lacked compar-
isons between subspecialties [28]. In China, Peking Uni-
versity First Hospital evaluated a formative assessment
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Table 1 EPAs categories
Number Category
Admit a patient

Select and interpret auxiliary examinations

Diagnose and make the differential diagnosis

Make therapeutic decision

Compose medical documents

Report a case

Recognize and manage general clinical conditions
Recognize and manage emergent and critical conditions
Transfer and hand over a patient

O 00 N O L AN W N —

Perform informed consent

- O

Perform basic operation

12 Perform health education

13 Inform bad news

14 Perform clinical education

15 Manage public health events

Table 2 Eight entrustable levels of each EPA

Scale Details

1 Can not perform certain professional activities as a resident
under the direct supervision of a superior physician

2 Perform certain professional activities with a superior physi-
cian together

3 Perform certain professional activities under the supervision
and guidance of a superior physician

4 Perform certain professional activities without the presence

of a superior physician; when help is needed, need the pres-
ence of a superior physician to recheck all performances.

5 Perform certain professional activities without the pres-
ence of a superior physician; when help is needed, need
the presence of a superior physician to recheck important
performances.

6 Perform certain professional activities without the presence
of the superior physician; when help is needed, need the
guidance and recheck of superior physician over the phone.

7 Perform certain professional activities without the need for
supervision and guidance from a superior physician.
8 Can provide supervision and guidance for others in certain

professional activities.

system based on EPAs in pediatric residency training,
proposing an EPA system to assess postgraduate medi-
cal education (PGME) that was made up of 15 EPA cat-
egories in eight scales(translated as Tables 1 and 2). This
highlights the complementary advantage of EPAs that
could be integrated with the ongoing competency-based
medical education(CBME) formative assessment pro-
gram. CBME is an outcomes-based education approach
that involves identifying the abilities needed by the physi-
cian and designing the curriculum to both support and
assess the attainment of these predetermined competen-
cies. It includes mini-clinical-evaluation exercises (Mini-
CEX), direct observation of procedural skills (DOPS),
subjective-objective-assessment-plan ~ (SOAP), and
360-degree assessment. Hence, we began to push forward
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an EPA assessment program in the Pediatric Department
at Qilu Hospital in Shandong University based on the
CBME system for standardized residency training at the
Peking University First Hospital.

Our previous study indicated that EPA assessments
have a certain discriminating capability among differ-
ent PGYs in Chinese standardized residency training in
pediatric intensive care medicine, and postgraduate year,
gender, and resident position affected EPA scores to a
certain extent [29]. A research from the United States
also indicated that EPA scores in pediatric residents were
correlated with PGY [30]. To further explore the effec-
tiveness of EPAs and deficiencies in residency training
in the entire pediatric department, we performed a pilot
study of 65 residents within the Chinese standardized
residency training program in eight subspecialties of the
Pediatric Department at Qilu Hospital of Shandong Uni-
versity and solicited both resident self-assessment and
director-assessment of this training model.

Based on previous research and the different spectrum
of diseases between Pediatric Department subspecial-
ties, we hypothesized that: 1)EPA assessments can be
effectively applied to various PGYs in standardized Chi-
nese residency training in pediatric medicine and its
subspecialties. 2)EPA scores were significantly impacted
by postgraduate year, while gender and resident position
also affected EPA scores to a certain extent. 3)EPA scores
showed differences across different subspecialties in the
same PGYs.

Materials and methods

Setting

Like many other Chinese standardized training residency
programs, Qilu Hospital of Shandong University has a
CBME evaluation course that spans residents’ training
after graduation from medical school and includes Mini-
CEX, DOPS, SOAP, and 360-degree assessment. Accord-
ing to the national guidelines for standardized residency
training, every pediatric resident is supposed to rotate
through all pediatric subspecialties(Pediatric Hematology
and Oncology, Urology, Neurology, Respiratory, Neona-
tology, Cardiology, Gastroenterology, Infectious Diseases,
Intensive Care Medicine, Endocrinology, Genetic Metab-
olism Diseases, Rheumatology, Immunology and Child
Healthcare) within a 3-year training phase. We have cer-
tain subspecialties united into one department because
of the structure of departmental administrative divisions.
The departmental rotation examination is administered
at the end of each rotation phase and is composed of all
of the above-mentioned skill tests and formative assess-
ments. The directors in charge of each subspecialty were
pediatric physicians well trained by national or provincial
director courses for Chinese standardized training resi-
dency programs who obtained qualification certifications
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from the Chinese Health Commission or Shandong Pro-
vincial Health Commission.

Sample

This study enrolled 65 residents who were trained in a
standardized residency training program from August
2019 to July 2022 at the Qilu Hospital of Shandong Uni-
versity. Meanwhile, 35 directors in charge of each pedi-
atric department over the same period were recruited
for this study. All enrolled residents were categorized as
postgraduate year 1 (PGY1) to PGY3, according to their
seniority. Resident positions were categorized into four
types(professional master, entrusted training residents,
permanent staff at our hospital, and social training resi-
dents) according to their affiliations. Professional mas-
ters referred to graduate students who were concurrently
enrolled in standardized residency training while pur-
suing a master’s degree in clinical medicine. Entrusted
training residents were those who were commissioned
by the employing organization, so they generally pos-
sessed clinical experience. Permanent staff referred to
new employees of our hospital who were undergoing
standardized residency training. They had the highest
educational background. Social training residents were
those who were recruited through social recruitment into
our training base. This study was approved by the Qilu
Hospital of Shandong University’s Institutional Review
Board. This study has obtained the consent of all the
participants and passed the review of the Qilu Hospital
of Shandong University’s ethics committee. Clinical trial
number: not applicable.

Procedure

This cross-sectional study was conducted at the end of
July, 2022. EPA resident self-assessments and director-
assessments were used at the time of the research to
evaluate resident performance and competency from
both points of view in this moment. An electronic ques-
tionnaire composed of EPAs with 15 categories on eight
scales was administered to solicit both resident self-
assessment and director-assessment, in addition to the
ongoing evaluation program (Mini-CEX, DOPS, SOAP,
and 360-degree assessment). The director-assessment
of each resident was performed by several directors,
whereas the self-assessment of each resident was per-
formed by the resident. Each questionnaire included
general information (director name, resident name,
resident gender, seniority, and position, such as profes-
sional masters, entrusted training residents from junior
hospitals, residents of permanent staff at Qilu Hospital
of Shandong University, and social training residents)
and EPA evaluation. The 15 categories of EPA evalua-
tion were established using the guidelines of Peking Uni-
versity First Hospital (translated as Table 1). Based on
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previous literature, each EPA was set using eight scales
(translated as in Table 2). All EPA assessments were per-
formed until the participating residents or directors were
well informed about the details of the questionnaire. All
questionnaires were electronically administered using
mobile software. Multiple reminders and phone follow-
ups by data collection staff were set up to ensure that all
required responses were collected in time. Each enrolled
questionnaire indicated that all included questions were
completed.

Statistical analysis

All questionnaires were administered using the Wen-
juanwang APP 2.7.0(Zhongyan Network Technology Co.,
Ltd., Shanghai, China). Data were collected using Excel
(Microsoft, Redwood, WA, USA), and statistical analy-
sis and figure creation were performed using SPSS 23.0.0
(IBM, Armonk, NY, USA). Comparisons of self-assess-
ments and director-assessments for every EPA across
different PGYs were statistically analyzed using the
Kruskal-Wallis test. Statistical significance was defined
as a two-sided p-value of <0.05. Comparisons between
self-assessments and director-assessments for every EPA
between every two PGY levels were statistically ana-
lyzed using the Mann-Whitney U test, with significance
defined as a corrected p-value of 0.017 using the Bonfer-
roni correction three times the Mann-Whitney U test for
the same EPA. The effect of PGY, gender, and position
on the EPA scores of director assessments was analyzed
using the generalized estimated equation (GEE), with
p<0.05, considered statistically significant.

Results

General information

This study included 65 residents (see Table 3) and 35
directors. The results included 65 resident self-assess-
ment questionnaires and 401 director-assessment ques-
tionnaires, with a 100% response rate. The characteristics
of the enrolled participants are shown in Table 3. Of the
65 residents, 53 (81.5%) were female. PGY1 to PGY3
respectively accounted for 36.9%(24/65), 40.0%(26/65)
and 23.1%(15/65). A line graph was created to show the

Table 3 Characteristics of residents

Characteristics PGY1 PGY2 PGY3 p-value
Number of residents,  24(36.9%) 26(40.0%) 15(23.1%)

n(%)

Male, n(%) 5(20.8%) 5(19.2%) 2(13.3%) 0.83
Number of 43+24° 64+2.6° 8.7+13° 0.00'
director-assessments,

mean+SD

" Kruskal-Wallis test; 2Mann-Whitney U test revealed a significant difference
(p=0.011, p<0.17) between PGY1 and PGY2; bMann—Whitney U test revealed
a significant difference (p=0.000, p<0.17) between PGY2 and PGY3; ‘Mann-
Whitney U test revealed a significant difference (p=0.000, p<0.17) between
PGY1 and PGY3
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trends in director and self-assessment EPA scores over
progressive PGY levels (Fig. 1). A rising trend in director-
assessment scores across all EPAs by PGY increase was
noted, especially between PGY1 vs. PGY2 and PGY1 vs.
PGY3. Whereas self-assessment scores showed a non-
distinctive trend across different PGYs. The categories of
the PGYs, genders, positions, and directors’ subspecial-
ties in the director-assessment questionnaires are sum-
marized in Table 4.

Comparison of director-assessment scores across different

PGYs, genders and positions

The Kruskal-Wallis test revealed significant differences
between the EPA director-assessment scores across dif-
ferent PGYs (Table 5). The higher the PGY year in which
the residents were in, the higher their scores in each EPA
category. When univariate PGY years were compared,
there were significant differences between PGY1 and
PGY?2, and between PGY1 and PGY3 (p<0.017), whereas
there were no obvious differences between PGY2 and
PGY3 in any EPA category. As to comparison between
genders, there were no significant differences between
genders except for EPA13(Inform bad news) (p=0.024),
EPA15(Manage public health events)(p =0.042)(Fig. 2) by
Mann-Whitney U test, with male residents scoring higher
than those of the female. When comparing the director-
assessment scores across different positions, there were
significant differences in all EPAs( EPA1: p=0.09, EPA3:
p=0.01, EPA4:p=0.020, EPA5: p=0.007, EPA6: p=0.009,
EPA7: p=0.002, EPA8: p=0.002, EPA9: p=0.006, EPA10:
p=0.000, EPA11: p=0.002, EPA12: p=0.000, EPA13:
p=0.000, EPA14: p=0.012, EPA15: p=0.026, p<0.05)
except for EPA2( select and interpret auxiliary examina-
tions) ( p=0.050) using the Kruskal-Wallis test.

Effect analysis of PGY, gender, and position on director-
assessment scores

To analyze the effect of residents’ PGY, gender, and posi-
tion on EPA scores, a generalized estimated equation
(GEE) model analysis was performed (Table 6). PGY had
a significant effect on all EPA scores (p<0.05), except
for EPA5 (p=0.066,>0.05) and EPA7 (p=0.128,>0.05),
whereas the resident’s position significantly affected
only EPAI0 (p=0.003,<0.05), EPA13 (p=0.000,<0.05),
and EPAl14 (p=0.001,<0.05). Residents’ gender was
only correlated with EPA8 (p=0.014,<0.05), EPA10
(p=0.023,<0.05), EPA13 (p=0.036,<0.05), and EPA14
(p=0.010,<0.05)(Table 6).

The scores of all 13 significantly correlated EPA cat-
egories rose as PGY grew except for EPA2 (Select and
interpret auxiliary examinations, set PGY1 as zero;
PGY2:B=0.711, p=0.040, <0.05, PGY3:B=0.552,
p=0.524, >0.05), EPA6 (Report a case, PGY2:B=1.079
p=0.029, <0.05, PGY3:B=0.813, p=0.000, <0.05),
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Fig. 1 Line graph of scores of director- and self-assessment in each EPA”

"Each point represents the mean score of a certain subgroup, with bars representing the 95% Cl of the mean of each subgroup

EPA1l4(Perform clinical education, PGY2:B=0.900,
p=0.000, <0.05, PGY3:B=0.693, p=0.000, <0.05) and
EPA15(Manage public health events, PGY2:B=0.913,
p=0.000, <0.05, PGY3:B=0.850, p=0.000, <0.05), with
higher mean scores for PGY2s than PGY3s and the low-
est mean score at PGY1.

Regarding the scores of the four EPAs with significant
gender gap, EPAS8 (recognize and manage emergent and
critical conditions, set Female as zero; Male: B=0.271,
p=0.014, <0.05), EPA10 (Perform informed consent,
Male: B=0.343, p=0.023, <0.05), EPA13 (inform bad
news, Male: B=0.337, p=0.036, <0.05), and EPA14

(Perform clinical education, Male: B=1.040, p=0.010,
<0.05) showed that male residents scored significantly
higher than female residents.

Meanwhile, for the significant resident position effect
on the three EPAs, permanent staff scored highest in
EPA10 (Perform informed consent, set professional mas-
ter as zero; Permanent staff B=0.500, p=0.042, <0.05;
entrusted training residents B=0.426, p=0.001, <0.05,
social training residents B=0.113, p=0.428, >0.05) and
EPA13 (Inform bad news, set professional master as zero;
Permanent staff B=0.411, p=0.000, <0.05, Entrusted
training residents B=0.321, p=0.010, <0.05, Social
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Table 4 Categorical variable information of director-assessment
questionnaires

Factor N Percent
PGY PGY1 104 25.9%
PGY2 166 414%
PGY3 131 31.7%
Gender Female 323 80.5%
Male 78 19.5%
Position Professional master 204 50.9%
Entrusted training residents 159 39.7%
Permanent staff 18 4.5%
Social training residents 20 5.0%
Subspecialty Pediatric Neurology 22 5.5%
Pediatric Hematology 44 11.0%
Pediatric Respiratory 29 7.2%
Pediatric Gastroenterology 24 6.0%
Pediatric Cardiology 28 7.0%
Pediatric Urology 26 6.5%
Pediatric Intensive Care Unit 113 28.2%
Neonatal Intensive Care Unit 88 21.9%
Child Healthcare 27 6.7%
Table 5 Scores of director-assessment in different PGYs
EPAs PGY1 PGY2 PGY3 Chi-square*  P-value
EPA1 58+14"  66+10 67+12° 37037 0.000
EPA2  56+13" 65+10 67+1.1 44055 0.000
EPA3  56+13" 65+10 66+1.17 46339 0.000
EPA4  55+13" 63410 64117 36348 0.000
EPA5 60+137 67+10 69+10° 29547 0.000
EPA6  59+12° 67+10 68+11" 34835 0.000
EPA7  58+13" 65+10 66+1.17 28940 0.000
EPA8  54+137 61+10 62+10 30324 0.000
EPA9  59+13" 67410 67+117 33957 0.000
EPA10  63+13" 70+10 70+107 22939 0.000
EPA11  57+14° 66+10 67+117 40616 0.000
EPA12 604127 68+10 68107 34307 0.000
EPA13  58+13" 65+10 65+10° 26417 0.000
EPA14 54+15 61+11 62+117 23002 0.000
EPA15 574147 65+11 65+1.17 27237 0.000

“Kruskal Wallis test; “‘Mann-Whitney U test revealed a significant difference (all
P-values=0.000)between PGY1 and PGY2; “"Mann-Whitney U test revealed a
significant difference (all P-values=0.000) between PGY1 and PGY3

training residents B=-0.030, p=0.903, >0.05). Entrusted
training residents obtained the highest scores in EPA14
(Perform clinical education, set professional master as
zero; entrusted training residents B=0.622, p=0.004,
<0.05; Permanent staff B=0.576, p=0.009, <0.05; social
training residents B=-0.112, p =0.443, >0.05).

Comparison of director-assessment scores across different
subspecialties

The comparison of director-assessment scores across dif-
ferent subspecialties showed significant differences in all
EPAs(all p=0.000,<0.05). For each PGY, the scores from
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different director subspecialties showed significant differ-
ences within PGY1 in all EPAs except for EPA11(Perform
basic operation, p=0.074, >0.05), within PGY2 in all
EPAs except for EPA 8(Recognize and manage emergent
and critical conditions, p=0.052, >0.05), EPA10(Perform
informed consent, p=0.050, >0.05), and EPA12(Perform
health education, p=0.072, >0.05), within PGY3 in
EPA1(Admit a patient, p=0.166, >0.05), EPA2(Select
and interpret auxiliary examinations, p=0.050, >0.05),
and EPA10(Perform informed consent, p=0.053, >0.05)
(Fig. 3).

Comparison of director-assessment scores from pediatric
intensive care medicine and neonatology

Among all the subspecialties of directors enrolled in
this research, the number of recruited questionnaires
from Pediatric Intensive Care Medicine and Neonatol-
ogy ranked the top two among all subspecialties. In the
comparison of the scores from these two intensive care
medicines, within all PGYs there were no significant
differences except for EPA9(transfer and hand over a
patient, p=0.033, <0.05), EPA11(Perform basic opera-
tion, p=0.044, <0.05), and EPA15(manage public health
events, p=0.037, <0.05) with scores from Pediatric Inten-
sive Care Medicine higher than those from neonatology.
However, within each single PGY, there were no obvi-
ous differences between the two subspecialties(p >0.05)
(Fig. 4).

Comparison of self-assessment scales across different PGYs
For the self-assessment EPA scores of all enrolled resi-
dents, there were significant differences only within
EPA2 (select and interpret auxiliary examinations), EPA4
(make therapeutic decisions), EPA7 (recognize and man-
age general clinical conditions), EPA8 (recognize and
manage emergent and critical conditions), EPA11 (per-
form basic operations), and EPA15 (manage public health
events) across the different PGYs, with higher levels of
PGY residents scoring better (Table 7). As for the com-
parisons between the two PGYs, there were no significant
differences in any EPA scores between PGY1 and PGY2
and PGY2 and PGY3(all p>0.017). However, signifi-
cant differences in EPA7 (recognition and management
of general clinical conditions, p=0.010,<0.017), EPAS8
(recognizing and managing emergent and critical condi-
tions, p=0.001,<0.017), EPA11 (Perform basic operation,
p=0.003,<0.017), and EPA15 (managing public health
events, p=0.015,<0.017) were observed between PGY1
and PGY3 (p<0.017)(Fig. 1).

Comparison of EPAs scores of self-assessment between
genders

There were no significant differences in EPA between the
self-assessment scores of male and female residents.
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"The edges of each bar represent the 95% Cl of the scores in the subgroups. **EPA13: p=0.024, p <0.05; EPA15: p=0.042, p <0.05.

Comparisons between director and self-assessment scores
across EPAs within the same PGY

The comparisons between director and self-assessment
scores across EPAs are presented in Fig. 5. The direc-
tor and self-assessment scores of PGY1s were mostly
consistent, except for EPA4 (make therapeutic decision,
p=0.007, p<0.05), EPA8 (recognize and manage emer-
gent and critical conditions, p=0.000, p<0.05), EPA11
(Perform basic operation form, p =0.015, p <0.05), EPA14
(Perform clinical education, p=0.002, p<0.05), and

EPA15 (manage public health events, p=0.000, p <0.05),
which directors awarded higher scores. There were signif-
icant differences between the self-assessment and direc-
tor-assessment scores for every EPA for PGY2s, except
for EPA5 (composed medical documents, p=0.762,
p>0.05). For PGY3s, the director and self-assessment
scores of PGY1s were consistent, except for EPA2 (select
and interpret auxiliary examinations, p=0.031, p<0.05),
EPA3 (diagnose and make the differential diagnosis,
p=0.022, p<0.05), EPA4 (make therapeutic decision,
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Table 6 Generalized estimated equation analysis of director-assessment questionnaires
EPAs Factor  Tests Of Model Effects Parameter B 95% Wald Confidence Interval Hypothesis Test
Ward Chi-Square P-value Lower Upper Wald Chi-Square P-value
EPA1 PGY 14.066 0.001 PGY1 0®
PGY2 0920 0425 1414 5424 0.020
PGY3 1195 0189 2202  1329% 0.000
Gender 3.079 0.079 Female 0°
Male 0329 -0.038 0696 3.079 0.079
Position 5.341 0.148 Professional master 0°
Entrusted training residents  0.182 -0397 0.761 0.761 0378
Social training residents -0304 -0966 0359  0.806 0.369
Permanent staff -0.086 -0.833 0.660 0.051 0.821
EPA2 PGY 9.183 0.010 PGY1 0®
PGY2 0711 0033 1390 4221 0.040
PGY3 0552 -1.148 2253 0.405 0.524
Gender 1825 0177 Female 0°
Male 0421 -0.190 1.033 0992 0.177
Position 2279 0.517 Professional master 0°
Entrusted training residents 0473 -0458 1405 0992 0.319
Social training residents 0058 -0910 1026 0014 0.907
Permanent staff 0578 -0.823 1.980 0.654 0419
EPA3  PGY 19.936 0.000 PGY1 0°
PGY2 0.732 0392 1.072 17.811 0.000
PGY3 0913 0450 1376 14964 0.000
Gender 0001 0.979 Male 0°
Female -0.005 -0397 0.387 0.001 0.979
Position 6.792 0.079 Professional master 0°
Entrusted training residents 0246 -0092 0584 2038 0.153
Social training residents -0.068 -0.535 0398  0.082 0.775
Permanent staff 0467 0.051 0.884 4848 0.028
EPA4 PGY 14.689 0.001 PGY1 0®
PGY2 0651 0280 1.022 11.841 0.001
PGY3 0.776 0350 1.202 12.767 0.000
Gender 0680 0410 Female 0°
Male -0211 -0586 0.164 1219 0.270
Position 3.271 0.352 Professional master 0°
Entrusted training residents 0277 -0054 0608 2683 0.101
Social training residents 0238 -0218 0694  1.045 0.307
Permanent staff 0341 -0.133 0814 1.989 0.158
EPA5  PGY 5421 0.066 PGY1 0°
PGY2 0314 -0602 1.230 0452 0.501
PGY3 0.756 0.117 1.396 5.370 0.020
Gender 0237 0.626 Female 0°
Male -0.571 -2870 1.728 0.237 0.626
Position 0.187 0.980 Professional master 0°
Entrusted training residents  -0.001 -1.099 1.097  0.000 0.999
Social training residents -0.008 -0478 0461 0461 0.001
Permanent staff 0.154 -0661 0968  0.968 0.137
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EPAs Factor  Tests Of Model Effects Parameter B 95% Wald Confidence Interval Hypothesis Test
Ward Chi-Square P-value Lower Upper Wald Chi-Square P-value
EPA6 PGY 20.678 0.000 PGY1 0°
PGY2 1079 0111 2.046 4.776 0.029
PGY3 0813 0450 1177 19.224 0.000
Gender 0803 0.370 Female 0°
Male 1203 -1429 3834 0.803 0.370
Position 1.239 0.744 Professional master 0°
Entrusted training residents 0.662 -0.580 1.903 1.092 0.296
Social training residents 0047 -0415 0508  0.040 0.842
Permanent staff 0312 -0367 0991 0.809 0.368
EPA7 PGY 4113 0.128 PGY1 0°
PGY2 0596 0.015 1177 4.049 0.044
PGY3 0647 -0224 1519 2122 0.145
Gender 0.092 0.761 Female 0°
Male 0171 -0934 1.277 1.858 0.173
Position 1.626 0.654 Professional master 0°
Entrusted training residents 0409 -0.296 1.113 1.292 0.256
Social training residents 0037 -0501 0574 0018 0.894
Permanent staff 0269 -0384 0922 0653 0419
EPA8 PGY 34.619 0.000 PGY1 0°
PGY2 0668 0655 1313 18042 0.000
PGY3 0.984 0360 0.977 34.378 0.000
Gender 5978 0.014  Female 0°
Male 0271 0054 0488 5978 0.014
Position 6.891 0.075 Professional master 0°
Entrusted training residents 0286 0027 0545 4676 0.031
Social training residents 0234 -0762 0035 0.704 0401
Permanent staff 0.186 -0.330 0.701 0.499 0.480
EPA9  PGY 41.883 0.000 PGY1 0°
PGY2 0.846 0.468 1224 19.211 0.000
PGY3 1014 0.701 1.327 40.338 0.000
Gender 0218 0.641 Female 0°
Male 0.185 -0.591  0.960 0218 0.641
Position 1.758 0.624 Professional master 0°
Entrusted training residents  0.144 -0276 0564  0.564 0451
Social training residents -0204 -0.717 0309 0607 0436
Permanent staff -0.069 -0377 0239 0191 0.662
EPA10 PGY 16.163 0.000 PGY1 0°
PGY2 0578 0.242 0915 11.348 0.001
PGY3 0689 0352 1027 16.039 0.000
Gender 5.163 0.023  Female 0°
Male 0343 0047 0640  5.163 0.023
Position 13.772 0.003 Professional master 0°
Entrusted training residents 0426 0.176 0676  11.128 0.001
Social training residents 0.113 -0167 0393 0627 0428
Permanent staff 0500 0.017 0987 4.123 0.042
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EPAs Factor  Tests Of Model Effects Parameter B 95% Wald Confidence Interval Hypothesis Test
Ward Chi-Square P-value Lower Upper Wald Chi-Square P-value
EPA11 PGY 32.099 0.000 PGY1 0°
PGY2 0813 0432 1193 17528 0.000
PGY3 1.043 0675 1410 30923 0.000
Gender 0036 0.849 Female 0°
Male 0.065 -0.608 0.739 0.036 0.849
Position 2255 0.521 Professional master 0°
Entrusted training residents 0281 -0.112 0675 1.967 0.161
Social training residents -0.064 -0.605 0477 0054 0816
Permanent staff 0.157 -0.180 0494 0936 0.361
EPA12 PGY 10.033 0.007  PGY1 0°
PGY2 0355 -0.278 0988 1.207 0.272
PGY3 0645 0246  1.045 10032 0.002
Gender 0.190 0.663 Female 0°
Male -0.349 -1915 1218 0.190 0.663
Position 1.346 0.718 Professional master 0°
Entrusted training residents  0.103 -0656 0863  0.071 0.790
Social training residents 0.153 -0.180 0487 0811 0.368
Permanent staff 0027 -0288 0343 0028 0.866
EPA13 PGY 16.484 0.005 PGY1 0°
PGY2 0612 0277 0.947 12.814 0.000
PGY3 0.718 0366 1.070 15.960 0.000
Gender 4409 0.036 Female 0°
Male 0337 0022 0652 4409 0.036
Position 18602 0.000  Professional master 0°
Entrusted training residents 0321 0073 0569 6418 0.070
Social training residents -0.030 -0517 0457 0015 0.903
Permanent staff 0411 0209 0612 15.964 0.000
EPA14 PGY 20.351 0.000 PGY1 0°
PGY2 0900 0470 1.331 16.797 0.000
PGY3 0.693 0340 1.045 14.857 0.000
Gender 6.566 0.010  Female 0°
Male 1.040 0.245 1.836 6.566 0.010
Position 16.719 0.001 Professional master 0°
Entrusted training residents 0622 0203 1042 8461 0.004
Social training residents -0.112 -0397 0.173 0590 0443
Permanent staff 0576 0.143 1009 6.786 0.009
EPA15 PGY 26.290 0.000 PGY1 0°
PGY2 0913 0514 1.312 20.101 0.000
PGY3 0850 0516  1.184 24871 0.000
Gender 3.170 0.075 Female 0°
Male 0567 -0057 1192  3.170 0.075
Position 4.930 0.177 Professional master 0°
Entrusted training residents 0315 -0047 0677 2910 0.088
Social training residents -0.208 -0.598 0.182 1.091 0.296
Permanent staff 0.095 -0.234 0425 0322 0.570

2Set to zero because this parameter is redundant

p=0.012, p<0.05), EPA8 (recognize and manage emer-
gent and critical conditions, p=0.004, p<0.05), EPA13

(form bad news, p=0.026, p <0.05), EPA14 (Perform clin-
ical education, p=0.011, p<0.05), and EPA15 (manage

public health events, p=0.001, p<0.05), in which direc-
tors awarded higher scores(Fig. 5).
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Discussion

Entrustable professional activities(EPAs) are designed
to be real-life activities, and as such, can be understood
and applied more easily than prior concepts within com-
petency-based medical education(CBME), such as mile-
stones [31]. Each EPA combines the knowledge, skills,
and attitudes necessary to perform a medical task, and
acts as a means of bridging the gap between these theo-
retical competencies and the assessment of competence.
Moreover, it is an important tool for evaluating the
completion of tasks and responsibilities unsupervised.
EPAs provide a framework to make explicit judgments of
trainee ability, which is important at all stages of medical
education [32]. A review article indicated that in recent
years, there has been a notable shift from descriptions
of EPA development processes toward aspects beyond
development, such as implementation, feasibility, accep-
tance/perception, and assessment [33]. Notably, there
are few studies on EPAs in pediatric postgraduate edu-
cation, let al.one the related subspecialties of pediatrics.
Furthermore, studies on EPAs are mostly conducted in
the United States, Australia, Germany and Canada [34,

35, 36, 37, 38], rather than Asia. Our study aimed to sup-
plement the implementation and feasibility of EPAs and
deficiencies in standardized Chinese residency training
in pediatric medicine and its subspecialties.

This cross-sectional study evaluated pediatric residents
trained in Chinese standardized residency training at the
Qilu Hospital of Shandong University in July 2022. The
sample size of this study was large, including 65 residents
and 35 directors, and there was satisfying consistency
among questionnaires. We focused on the implementa-
tion and feasibility of entrustable professional activi-
ties within multiple pediatric subspecialties and within
the entire pediatric specialty. Similar to our previous
study on EPAs in pediatric intensive care medicine [29],
this study suggested that the director-assessment scores
of residents in every EPAs increased significantly over
3-year training, with significant differences between
PGY1 vs. PGY2 and PGY1 vs. PGY3 but not PGY2 vs.
PGY3. These findings are nearly consistent with previ-
ous studies that utilized residency training programs [39]
and fellows using the American Board of Pediatrics sub-
specialty EPAs [16]. The significant differences between
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PGY1 and PGY2 demonstrated residents become more
experienced and skillful after one year of rotation. How-
ever, there was no noticeable improvement after the sec-
ond year of training, which indicated that there was not
enough upgraded training aimed at enhancing residents
in PGY2. As upgraded elevation is emphasized in the
CBME program, residents are expected to develop their
professional medical skills in all EPA categories as their

training experience accumulating [40, 41]. It indicates
that the curriculum for training residents in these areas
requires notable improvement, and directors and regula-
tory staff should reinforce the idea of upgrading profes-
sional teaching in residents between PGY2 and PGY3
years [42, 43]. Residents are expected to meet the stan-
dards for unsupervised practice after training in all 15
EPA categories. To achieve it, directors should formulate
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Table 7 Scores of self-assessment in different PGYs

EPAs PGY1 PGY2 PGY3 Chi-square”  P-value
EPA1 55416 57+15 62+13 1951 0377
EPA2 51412 55+12 61409 6.060 0.048
EPA3 50413 52412 59+10 5365 0.068
EPA4 46+13  48+13  57+10 6.591 0.037
EPA5 61413  65+15 67+12 3.187 0.203
EPA6 58+15 61+14 65+12 1973 0373
EPA7 52412  56+12  63+10 6.974 0.031
EPA8 40412  48+12 54+09° 11516 0.003
EPA9 53413  54+14 61+12 7.734 0.155
EPA10  65+11 62+13 66+1.1 1314 0518
EPA1T  50+13 55413  63+11" 10622 0.005
EPA12  62+12 62+14 63+1.1 0.050 0975
EPA13  54+16 53+14 59410 1102 0576
EPA14  42+17 47+14 54410 5924 0.052
EPA15  40+15 49+15 54+1.1 6.949 0.031

#*Kruskal Wallis test. Significant differences are shown in bold(p<0.05) and
italicized

"Mann-Whitney U test revealed a significant difference between PGY1 and
PGY3. The Mann-Whitney U test revealed no significant differences between
PGY1 and PGY2, PGY2 and PGY3

specific target EPA scores of each PGY. Besides, more
specialized trainings such as Mini-CEX.

and more assessments of clinical skills are necessary to
implemented in PGY2.

Meanwhile, there were differences across the four resi-
dents’ positions, except for EPA2(select and interpret
auxiliary examinations). Consistent with our previous
study on pediatric intensive care medicine, residents of
different 4 position varied significantly in most EPA cat-
egories. Professional masters, one of the most common
positions of these four, had just graduated with a bache-
lor’s degree from a medical school, while permanent staff
with doctoral degrees usually had a prolonged research
period or more professional knowledge in certain aca-
demic fields. In contrast, entrusted training residents
and social training residents were more experienced in
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clinical work and usually had worked for a few years prior
to attending standardized residency training, generally
with a lesser educational background. Different educa-
tional backgrounds and clinical work experience led to
different advantages in professional activities, which is
urgent for clinical directors to reinforce the personal-
ized training plan for residents in different positions to
play to everyone is strengths. The same is the situation
in the comparison of EPAs between genders, consistent
with previous studies, the minor differences only existed
in EPA13(Inform bad news) and EPA15(Manage pub-
lic health events), in which male residents scored higher
than female residents. There were fewer male doctors
than female doctors in the pediatric department in most
Chinese hospitals, as in our study. The limited number of
male residents enrolled in this study, which might lead
to inconsistencies between different genders’ scores. A
further large cohort of residents is required to produce
more reliable results. In fact, in daily work, there were no
distinct differences between genders in clinical thinking
and most medical skills, except for certain medical work
requiring great physical strength.

In the GEE model analysis of PGY, gender, and posi-
tion on EPA scores, all three factors affected the EPA
scores to various degrees. PGY had a significant effect on
13 out of 15 EPA scores, while gender affected only four
EPA scores significantly, and position affected only three
EPA categories. Remarkably, among all the EPAs affected
by PGYs, in EPA2(Select and interpret auxiliary exami-
nations), EPA6(Report a case), EPA14(Perform clinical
education), and EPA15(Manage public health events),
PGY2 ranked the highest with PGY1 ranking the low-
est. Residents in PGY2 seemed more skillful and proven
than those in PGY1, yet more earnestly and devoted
than those in PGY3(the last training year) to some pro-
fessional activities. As for the four EPAs with a gender
gap, the male residents did better than the female ones in
EPAS8 (recognizing and managing emergent and critical
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Fig. 5 Error bar chart of director-assessment versus self-assessment within each PGY
"Mann-Whitney U test revealed a significant difference in this EPA category between director-assessment scores and self-assessment scores within this
PGY.The edges of each bar represent the 95% confidence interval (Cl) of the scores in the subgroups
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conditions), EPA10 (Perform informed consent), EPA13
(Inform bad news), and EPA14 (Perform clinical educa-
tion), with EPA14 having the largest score gap(B=1.040,
p=0.010, <0.05). However, daily medical work related
to other EPAs does not show a distinct gender gap. The
gender-based difference in outcomes may be due to
difference in performance between male and female
residents. Male residents may perform better in commu-
nicating and presenting with EPA14. Given the current
literature and knowledge on bias in evaluation in medi-
cal education, we cannot deny that this outcomes may
be due to disparity in how faculty assess resident perfor-
mance [44]. Among the residents with the highest edu-
cational background, those in permanent staff positions
scored highest in EPA10(Perform informed consent) and
EPA13(Inform bad news). Prolonged educational experi-
ence helped them preserve more relevant medical knowl-
edge and awareness of the law. Therefore, they could
undertake more initiatives to complete medical legal pro-
cedures. As the most experienced residents, entrusted
training residents had more knowledge from medical
practice and were more willing to share with younger
physicians, which may be the reason that they did best in
EPA14(Perform clinical education).

More than ever, we enrolled pediatric directors from
all Pediatric Department subspecialties. Directors from
variable subspecialties would judge the residents’ behav-
ior in each EPA from the point of view related to their
subspecialty features. All EPA categories showed sig-
nificant differences across different subspecialties. From
the perspective of each PGY, the EPA scores of the
directors from different subspecialties varied. In PGY]1,
scores from Pediatric Neurology and Genetic Metabo-
lism Diseases, Pediatric Urology, Endocrinology ranked
the highest, while scores from Pediatric Respiratory and
Infectious Diseases, Pediatric Gastroenterology, Rheu-
matology, and Immunology were the lowest ranked. It
was presumed that residents in PGY1 had less experience
and courage in clinical work, as Neurology and Urology
with relatively narrow-spectrum diseases than Respira-
tory and Gastroenterology, and Novice residents tended
to adapt faster in the former subspecialties. It should be
noted that there were no scores from Child Healthcare,
Pediatric Outpatient, and Emergency Care in PGY1, for
the reason that residents of the first training year were
considered too young to handle the high-intensity work
in Child Healthcare, Pediatric Outpatient, and Emer-
gency Care so that they were set to rotate in this sub-
specialty until late PGY2 and even until PGY3. When
considering PGY2, almost all residents had higher scores,
except for Pediatric Gastroenterology, Rheumatology and
Immunology, and Pediatric Cardiology. In these two sub-
specialties, it would require a longer period for residents
to improve. However, to varying degrees, the clinical
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education of directors from these two subspecialties was
supposed to be refined and improved. As for PGY3, all
scores of EPAs were nearly fully marked, with scores
from Child Healthcare, Pediatric Outpatient, and Emer-
gency Care and Pediatric Cardiology ranking the high-
est and scores from Pediatric Hematology and Oncology,
Pediatric Respiratory, and Infectious Diseases ranking
the lowest. It cannot be ignored that there was no obvi-
ous improvement in the scores of each EPA from PGY1
to PGY3 in Pediatric Hematology and Oncology, Pediat-
ric Respiratory and Infectious Diseases. This warned us
to focus more on step-up teaching in clinical education in
the aforementioned subspecialties. As there are limited
studies on pediatric subspecialty implementation [45],
more samples and multi-centered studies are needed for
further verification in this field. In brief, educators and
regulatory agencies would need to implement EPA-based
assessments more broadly or efficiently in pediatric sub-
specialties, as suggested previously [46].

For the comparison of scores from Pediatric Inten-
sive Care Medicine and Neonatology, EPA9(transfer
and hand over a patient), EPAl1(perform basic opera-
tion), and EPA15(manage public health events) showed
significant differences between the two subspecialties,
with PICU ranking higher. There would be differences
in clinical skill training procedures between these two
subspecialties because of the differences in the patient
groups. Residents needed more time and skill to be quali-
fied to perform certain work independently on patients
in the Neonatology Department than in the PICU. As for
EPAll(perform basic operation), it is much more tech-
nically difficult to perform basic surgery in newborns
considering their low weight and immature organ devel-
opment. Furthermore, the puncture location the depth of
lumbar puncture and bone marrow puncture are differ-
ent in newborns and children, which may also affect the
puncture performance of residents.

Interestingly, with respect to self-assessment scores,
only some EPA scores were significantly different across
PGYs and between each of the two PGYs. There was
no obvious improvement in the self-assessment scores
between PGY1 and PGY2 and PGY2 and PGY3. Even
in PGY1 versus PGY3, only some EPAS(EPA7 (recog-
nize and manage general clinical conditions), EPAS8 (rec-
ognize and manage emergent and critical conditions),
EPA11 (perform basic operation), and EPA15 (manage
public health events) ) showed significant differences.
This situation was inconsistent with scores from the
director-assessment, especially in PGY2 and PGY3, with
director-assessment scoring higher than self-assessment.
Regarding the differences between director- and self-
assessment, we hold the view that the director-assess-
ment is more objective and reliable. Because the directors
were professors in each subspecialty and they exhibited
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a higher degree of mastery for entrustable levels of each
EPA. It can also be proved by the evidence that the vast
majority of previous EPAs studies focused on the direc-
tor-assessment. This result indicated that the residents
were not very clear about their real strength and were
not confident enough to judge themselves. Moreover,
there is an urgent need for an efficient feedback program
between directors and residents so that they can note
their advantages and disadvantages in time for continu-
ous improvement.

Our study has several strengths. It reported the imple-
mentation and feasibility of EPAs in the Chinese stan-
dardized training of residents in pediatric and different
pediatric subspecialty departments. It established sig-
nificant differences in EPA performance within resi-
dents from lower PGY to higher PGY and provided a
well-structured framework to guide residents in the
development of clinical knowledge, skills, and attitudes.
The results may have some feedback effect on the resi-
dency training. According to the unsatisfying improve-
ment between PGY2 and PGY3, more clinical trainings
in each EPA categories were urgently needed in the sec-
ond and the third years. We analyzed the effects of PGY,
gender, and resident position on EPAs scores, confirm-
ing that PGY, gender, and position were correlated with
EPA scores to various degrees. In this study, we also
analyzed EPA scores from different subspecialties, indi-
cating that some subspecialties require more efficient
step-up training procedures. Incongruity between direc-
tor-assessed and self-assessed scores indicates the need
for an efficient feedback program for residents’ continu-
ous improvement.

There are also several limitations to our study. First,
the findings reflect the experience at only a single cen-
ter. Second, this was a cross-sectional study that enrolled
residents trained in pediatrics within the last three years.
Hence this study could not show changes in EPA scores
from PGY1 to PGY3 for a single resident. A longitudinal
study may be valid and a multicenter longitudinal study
would be of great value.

In summary, our study shows that EPA assessments had
a certain discriminating efficacy in Chinese standardized
residency training across training years in the pediatric
department, with scores rising with the PGY year. PGY,
gender, and resident position affected EPA scores. Some
differences in director-assessment from different subspe-
cialties warned directors from related subspecialties to
focus on step-up clinical training. Given the incongrui-
ties between the resident-assessed and director-assessed
scores, an efficient feedback program is needed for resi-
dents’ continuous improvement.
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Conclusion

The study findings suggest that EPA assessments is fea-
sible among different PGYs in standardized Chinese
residency training in pediatric medicine and its sub-
specialties. Postgraduate year had a significant impact
on EPA scores, while gender and resident position also
affected EPA scores to a certain extent. Improved strati-
fied teaching programs are required for better subspe-
cialty consistency.
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PGME postgraduate medical education
CBME competency-based medical education
Mini-CEX  mini-clinical-evaluation exercises
DOPS direct observation of procedural skills
SOAP subjective-objective-assessment-plan
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