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Abstract

Background: In recent years, a national curriculum reform was implemented in undergraduate medical education
in Taiwan to reduce clinical rotation training from 3 years to 2 years. The last generation of the old curriculum and the
first generation of the new curriculum both graduated in 2019. This study aimed to compare the learning outcomes
of the medical students in these two curriculum groups in terms of preparedness for practice during the transition
from undergraduate to postgraduate study.

Methods: This was a 3-year prospective, longitudinal, comparative cohort study between 2017 and 2020. Medical
students from both the 7-year and 6-year curriculum groups received biannual questionnaire surveys starting 18
months before graduation and running until 11 months after graduation. The measurement tools were the Prepared-
ness for Hospital Practice Questionnaire (PHPQ) and Copenhagen Burnout Inventory (CBI). Personal demographic
information was also collected. Linear mixed models were used to determine the effect of curriculum change on
learners’ preparedness and burnout levels.

Results: A total of 130 medical students from the two cohorts provided 563 measurements during the study period.
Compared to their counterparts following the old curriculum, the participants following the new curriculum showed
a lower level of preparedness when first entering clinical rotation (p =0.027) and just after graduating (p =0.049),
especially in the domains of clinical confidence (p =0.021) and patient management p=0.015). The multivariate lin-
ear mixed model revealed gradual increases in preparedness and burnout in serial measurements in both curriculum
groups. Students following the new curriculum, which involved a shortened clinical rotation, showed a slightly lower
overall preparedness (p=0.035) and the same level of burnout (p =0.692) after adjustment. The factor of year of
change did not show a significant effect on either preparedness (p=0.258) or burnout (p =0.457).

Conclusion: Shortened clinical rotation training for medical undergraduates is associated with a decrease in prepar-
edness for practice during the transition from undergraduate to postgraduate study. Clinical confidence and patient
management are the main domains affected.
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Introduction

Medical education is a continuing and life-long profes-
sional development process. The goal of such education
is to build an adequate level of core competencies and
prepare learners for independent clinical practice [1].
Curricula are created with prespecified educational out-
comes, and corresponding learning content, teaching
methods, assessment tools, and evaluation processes are
designed [2, 3]. According to a survey by Wijnen-Mei-
jer, the diverse medical education structure around the
world can be described by six models and mainly three
stages: the medical school stage, the postgraduate gen-
eral practice (the ‘in between phase’), and the residency
specialty training. Some countries accept medical stu-
dents direct from secondary schools, and others require
a bachelor’s degree. For postgraduate general practice, it
may consist of postgraduate internship, mandatory ser-
vice, both, or none [4]. From time to time, curriculum
reforms are undertaken to improve learner experience,
enhance learning outcomes, cultivate renewed target
competencies, or adapt to altered national regulations
[5-10]. Some reforms comprise major changes involv-
ing education systems for health care professionals [5, 6],
while others may include changes only within individual
schools, faculties, or even courses [10—-13].

In 2012, a national curriculum reform was imple-
mented in undergraduate medical education in Taiwan
to reduce clinical rotation training from 3 years to 2
years. Traditionally, Taiwanese medical school educa-
tion has consisted of a seven-year curriculum, including
four years of premedical and basic medical programs
and three years of clinical rotation learning courses
[14]. The 3 years of clinical learning involve hospital-
based, case-based learning and can be further divided
into 2 years of observership (clerkship) and 1 final year
of hands-on clinical placement (undergraduate intern-
ship). However, compared with the role of postgraduate
internships in other countries, where they are con-
ducted after graduation and board certifications, the
role of nonlicensed interns in Taiwan may be confusing
[1, 15, 16]. On the one hand, they are regarded as stu-
dents since they have not yet graduated from medical
school, but on the other hand, they are often seen as
part of the workforce since they do provide some of the
basic medical services such as charting, patient evalua-
tion, and basic clinical tasks [17].

Efforts have been made in recent years to facili-
tate this curriculum change. For instance, traditional

school-based and hospital-based learning have become
more integrated, clinical courses and assessment meth-
ods have been discussed thoroughly among medical
system educators, the competencies and clinical skills
that a 6-year curriculum graduates should possess
have been redefined, and PGY courses that are suit-
able for 6-year curriculum graduates have also been
redesigned [17-20]. This study aimed to compare the
learning outcomes of medical students following each
of these curricula. However, it is rather difficult to com-
pare two parallel curricula directly since their courses,
clinical activities, assessments, and objective endpoints
are independent of each other. Considering that one
of the most important goals of medical education is to
prepare learners for independent clinical practice, the
preparedness for practice was conceptualized as both a
long-term and a short-term venture that included per-
sonal readiness as well as knowledge, skills, and atti-
tudes [21]. We evaluated the learners’ preparedness for
independent hospital practice and level of burnout dur-
ing the transition from undergraduate to postgraduate
periods.

Methods

National curriculum reform

In 2000, the joint committee of deans of medical schools
in Taiwan passed a curriculum reform resolution to
improve the medical education system. An expert panel
was formed to design the new 6-year medical system
[18]. An experimental 6-year curriculum was tested at
the National Taiwan University College of Medicine with
selected students, and their learning results did not dif-
fer much from those of students following the original
7-year curriculum [15]. In 2009, the joint committee
announced that a new medical education curriculum
would be carried out in 2013, and the first year of the
new curriculum would yield graduates in 2019. Follow-
ing decreased undergraduate rotation, the postgraduate
year (PGQY) rotation was increased from 1 year to 2 years.
PGY training is a general practitioner rotational program
undertaken before further specialist training (residency)
[14, 22]. After the outbreak of SARS (severe acute respir-
atory syndrome) in 2003, the Taiwan Ministry of Health
and Welfare set up this one-year PGY training to improve
medical graduates’ core competencies and prevent them
from becoming specialized too early [17]. In a way, the
reform placed the graduation and board certification 1
year earlier than they were previously (Fig. 1).
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Fig. 1 Diagram of the curriculum reform timeline. the enrolled cohort and the measurements are shown in chronological order

Study setting

This was a prospective, longitudinal comparative
cohort study conducted between 2017 and 2020. In July
2017, students of the last generation to receive the old
curriculum (2012 cohort, 3 years of clinical rotation)
and the first generation to receive the new curriculum
(2013 cohort, 2 years of clinical rotation) started their
last two years of clinical learning simultaneously. They
spent their last two years in teaching hospitals com-
pleting their clinical rotation, graduated, took national
board exams, and then started their postgraduate clini-
cal learning at the same time (Fig. 1). A deidentified
online survey was given to the participants at multiple
prescheduled times. The study was approved by the
Chang Gung Medical Foundation institutional review
board (IRB No. 201601758B0, 201701981B0). All meth-
ods were carried out in accordance with relevant guide-
lines and regulations.

Ethical approval

The study was approved by the Chang Gung Medi-
cal Foundation institutional review board (IRB No.
201601758B0, 201701981B0).

Participants

Undergraduate students admitted to Chang-Gung Uni-
versity College of Medicine in 2012 (old curriculum) and
2013 (new curriculum) were eligible to participate in the
study. We invited them via the Internet to join this three-
year longitudinal survey study from two years before
graduation to one year after graduation. All participants
were given a one-hour orientation before providing writ-
ten informed consent. To eliminate the effect of change
itself on learning experiences, we enrolled another group
of participants from the 2014 cohort (new curriculum)
using the same method described above. This group
of participants followed the new curriculum but were
enrolled one year after the year of the change and thus
served as the control group among the new curriculum
students.

During the first year of the study (2017/06-2018/05),
the participants of the 2012 cohort and 2013 cohort
entered their clinical rotation at the same teaching hos-
pital (site A), which, with a 3600-bed capacity, is the larg-
est teaching hospital in Taiwan. During the second year
of the study (2017/06-2018/05), the participants of the
2014 cohort entered their clinical rotation in the same
teaching hospital (site A), and the participants from the
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2012 and 2013 cohorts were distributed among the four
teaching hospitals in Taiwan (sites A, B, C, D) according
to their preference. These four teaching hospitals, which
differ in geographical location and patient population
backgrounds, consist of two medical centers and two
regional hospitals. The participants from both the 2012
and 2013 cohorts graduated in 2018/06 and took the
national board exams in 2018/07. During the third year
of the study (2018/06-2019/05), most of the participants
from both the 2012 and 2013 cohorts began their man-
datory postgraduate rotation (PGY) training. The PGY
training lasts for one year in the old curriculum and two
years in the new curriculum (Fig. 1). A few of the par-
ticipants who did not proceed to PGY training either
entered military service, in the case of some male gradu-
ates; prepared for another round of board exams due to
failing their first attempt; or were lost during follow-up.
A detailed list of the distribution of participants is pro-
vided in Supplementary file 1.

Data collection and measurements

We collected basic personal demographic information
including age, sex, and self-reported previous academic
performance before entering clinical rotation. Learn-
ing-related variables included which study hospital they
were assigned to. The participants from the 2012 and
2013 cohorts were asked to complete surveys regard-
ing their preparedness and degree of burnout every 6
months after joining the study. These measures were
labeled from 1 to 6 according to chronological order,
with the 1t to 6" measurements being conducted at 18
months before graduation, 12 months before graduation,
6 months before graduation, 1 month before graduation,
5 months after graduation, and 11 months after gradua-
tion, respectively. The participants from the 2014 cohort,
who served as a control group against the variable of year
of change, completed only two surveys with a 1-year gap,
which were spaced to match the timing of the 1% and 3™
measurements of the study group. A diagram of serial
measurements and number of respondents in each meas-
urement is presented in Fig. 2. The survey process was
conducted online and anonymously, and respondents
were instructed to answer the questions in reference to
their rotations in the current and previous months.

Their preparedness for independent clinical practice
was assessed using the Chinese version of the Prepared-
ness for Hospital Practice Questionnaire (CPHPQ). This
eight-domain measurement, consisting of 41 items evalu-
ated on a six-point Likert scale, was previously developed
and validated by Chaou et al. with good internal consist-
ency (Cronbach’s alpha=0.94) [23]. The eight subscale
domains were interpersonal skills (IS), clinical confidence
(CF), team collaboration (CL), patient management
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(M@G), medical science (SC), disease prevention (PV),
holistic care (HC), and self-directed learning (SDL).

We evaluated the degree of burnout using the Copen-
hagen Burnout Inventory (CBI), a measurement devel-
oped by Kristensen et al. to measure burnout in the
populations of medical professionals [24]. The CBI
measures three dimensions, including personal burnout,
work-related burnout, and patient-related burnout, using
a 5-point Likert scale. It has been shown to be more
straightforward for measuring burnout among medical
professionals than another frequently used questionnaire,
the Maslach Burnout Inventory [25]. A Chinese version
of the CBI has also been developed and validated in pre-
vious studies [26—28].

Statistical analysis

We determined the sample size before the research was
started. For the descriptive results, the mean and stand-
ard deviation (SD) are used to describe the central ten-
dency and spread of continuous variables and the count
and percentage for categorical variables. We used inde-
pendent t tests for the comparison of continuous results
between groups and a chi-square test or Fisher’s exact
test for categorical results, where appropriate. We treated
the sum of the Likert scales as continuous variables in
accordance with Norman et al. [29].

For the analysis of curriculum change on the pre-
paredness and burnout of medical students during the
graduation transition, we used linear mixed models to
cope with dependence within the subject or training
hospital while exploring the effects of possible explana-
tory variables [30]. Serial measurements of total PHPQ
scores and CBI scores were taken as dependent vari-
ables. Individual learners and training sites were added
into the model as random intercepts. The models tested
the effect of curriculum change (old vs. new) and the
year of change while adjusting for personal demographic
variables, including sex, age, and self-reported previous
academic performance. The models were fit using the
residual maximum likelihood (REML) approach, and the
covariance structure of the two random effects was set
as unstructured. All analyses were performed using SAS
statistical software version 9.3 (SAS Institute Inc., Cary,
NC). A reported p-value of less than 0.05 was considered
statistically significant.

Results

A total of 130 medical students participated in this study,
including 44 (40.4%) from the 2012 cohort (7-year cur-
riculum), 41 (40.2%) from the 2013 cohort (6-year cur-
riculum), and 45 (43.3%) from the 2014 cohort (6-year
curriculum). A total of 563 measurements were taken
during the 3-year period. Table 1 provides detailed
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Recruitment
7-year curriculum 6-year curriculum
ISt lst
n=44 n=41+45*
2nd 2nd
n=43 n=41
3rd 3rd
n=43 n=41+45%
4th 4th
n=41 n=41
Graduation
Board Exam
Sth Sth
n=33 n=35
ﬁth 6th
n=34 n=36
Fig. 2 Diagram of serial measurements and number of respondents after recruitment. The number of participants from the 2014 cohort is marked
with an asterisk

personal demographic information and the number of
students who participated in each survey from each
group. Supplementary file 1 provides descriptions of the
training sites and details on the distribution of partici-
pants over the three-year period.

The serial measurement results of preparedness and
burnout are shown in Fig. 3. The results of the new cur-
riculum included data from the 2013 and 2014 cohorts.
A gradual increasing trend of both the level of prepar-
edness and the level of burnout is seen from the 1* to
6" measurements. Compared to their counterparts,
the participants following the new curriculum showed
a significantly lower level of preparedness for practice
when first entering clinical rotation (1% measurement,
150.4 £ 23.3 vs. 159.9 £ 22.2, p = 0.027) and just after
graduating and entering PGY training (5% measure-
ment, 169.6 + 28.4 vs. 181.8 £+ 20.9, p = 0.049). A com-
parison of the subscale domains of the PHPQ at the 5%

measurement, when the participants had just gradu-
ated and begun their independent practice, are listed
in Table 2. The cohorts following the new curriculum
reported a lower level of preparedness in the domains
of clinical confidence (23.3 & 4.93 vs. 25.8 4+ 3.81, p =
0.021) and patient management (21.7 & 3.56 vs. 23.7 £
2.92,p = 0.015). Detailed total scores of each measure
are provided in Supplementary file 2.

The results of the multivariate linear mixed model are
reported in Table 3. For the endpoint of preparedness
for independent hospital practice, the second and subse-
quent measurements all showed increases in total PHPQ
scores (2™ measurement, p = 0.075; 3" to 6" meas-
urements, all p < 0.001), indicating a continual increase
in averaged overall preparedness for hospital practice
with time. Participants following the 6-year curriculum
reported a significantly lower overall level of prepared-
ness compared with their counterparts after adjustment
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Table 1 Demographics of the participants. Data are presented as numbers (percentages) unless stated otherwise

Overall (n=130)

7-year curriculum

2012 cohort (n=44)

6-year curriculum

2013 cohort (n=41) 2014 cohort (n=45)

Age at inclusion” 234 (1.39) 24.1(091)
Male Gender 72 (55.4) 26 (59.1)
Geographic area
North 69 (53.1) 20 (45.5)
Central 27 (20.8) 10 (22.7)
South 23(17.7) 12 (27.3)
East 2 (1.50) 0(0)
Offshore islands and overseas 9(6.92) 2 (45.5)
Previous academic performance
Top third 39(30.0) 13 (29.5)
Middle third 62 (47.7) 20 (45.5)
Bottom third 29 (22.3) 11 (25.0)
Number of students participated
1st measurement 130 (100) 44 (100)
2nd measurement 84 (98.8) 43(97.7)
3rd measurement 129 (99.2) 43 (97.7)
4th measurement 82 (96.5) 41(93.2)
5th measurement 68 (80.0) 33 (75.0)
6th measurement 70(824) 34(77.3)

232(142) 22.8(1.48)
24 (58.5) 22 (489)
20 (48.8) 29 (64.4)
11(26.8) 6(133)
6 (14.6) 5(11.1)
1(240) 1(2.20)
3(7.31) 4(8.90)
11(26.8) 15(33.3)
21(51.2) 21 (46.7)
9(22.0) 9(20.0)
41 (100) 45 (100)
41 (100) 0(0)

41 (100) 45 (100)
41 (100) 0(0)
35(854) 0(0)

36 (87.8) 0(0)

* presented as mean (SD)

(B=-9.98, p = 0.035). The factor of year of change did not
show a significant effect on the total PHPQ score (p =
0.258), which means that the preparedness of the 2013
and 2014 cohorts did not show a significant difference.
For the endpoint of burnout, similarly, the second (p =
0.01), fourth (p = 0.01), fifth (p = 0.001), and sixth (p =
0.01) measurements all showed a significant increase in
total CBI scores. In addition, age was associated with a
significant increase in the level of burnout (B=1.54 per
1-year increase in age, p = 0.01). The new curriculum
(p = 0.692) and the year of change (p = 0.457) did not
show a significant effect on the level of burnout.

Discussion
In this study, we compared the simultaneous learning
experiences, in terms of preparedness for independent
hospital practice and level of burnout, of two groups of
medical students, each following a different curriculum
from undergraduate to postgraduate study. The main
findings were that a decrease in clinical rotation time
results in medical students’ decreased preparedness for
hospital practice, especially during the transition period
around graduation, and in the domains of clinical confi-
dence and patient management.

The major changes between the two curricula
were moving the 7% year hands-on rotation to the

postgraduate period and increasing PGY training from 1
year to 2 years. One result of this shortened clinical rota-
tion, as shown from our results, was a decrease in the
preparedness of medical graduates, especially in terms of
patient management and clinical confidence. The impli-
cation of this is that the clinical skills and experience
needed for patient management take time to develop.
Good medical knowledge is not a substitute for experi-
ence with patient care. The above rationale is also sup-
ported by the slow but gradual increase in preparedness
observed with each measurement. By immersing them-
selves in daily clinical patient care, the students’ patient
management abilities and clinical confidence grew. Sim-
ilar results were found in the previous literature: medi-
cal graduates felt most unprepared in terms of technical
skills and patient care, especially when managing com-
plex clinical conditions or providing immediate care in
medical emergencies [31-33]. Besides, trainees gener-
ally felt more confident and competent over time, and the
most common reason for feeling unprepared was having
insufficient prior "hands-on" experience [34]. In recent
studies, empirical evidence also showed that there are
individual and temporal differences regarding the pro-
gression of preparedness [23], and that challenging cir-
cumstances may negatively impact preparedness [21, 35].
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(A) Preparedness

O

,:,,/—/ =
5 / 3-\_( }’_’____,,-o

150 C
140
Ist Ind
old curriculum 159.9= 158.6
new curriculum 150.4 161.3
65
60

3rd 4th 5th 6th

170.7 1774 181.8% 183.9

164.9 173.9 169.6 173.7
(B) Burnout

50
Ist Ind
old curriculum 51.0 56.4
new curriculum 4.0 558

* statistically significant

Fig. 3 Comparison of serial measurement results between the two curriculum groups. The old curriculum is a 7-year curriculum with 3 years of
clinical rotation. The new curriculum is a 6-year curriculum with 2 years of clinical rotation

3rd 4th 5th 6th
58.3 58.2 60.1 58.9
5§5.2 57.8 62.2 60.9

Table2 Comparison of subscales of preparedness for hospital
practice between to cohorts just after graduation (5th measurement).
Data are presented as the mean (SD)

Preparedness

Old curriculum  New curriculum  p-value
Interpersonal skills 144 (3.69) 13.6 (3.99) 0.3995
Clinical confidence 258 (3.81) 23.3(4.93) 0.0213"
Team collaboration 176 (3.21) 16.6 (3.88) 0.2785
Patient Management ~ 23.7 (2.92) 21.7 (3.56) 00148
Medical Science 16.7 (2.57) 154 (3.51) 0.0886
Disease Prevention 29.3(3.57) 27.7 (3.94) 0.0758
Holistic care 27.0(3.65) 254 (4.53) 01214
Self-directed learning  27.3 (3.21) 259 (4.64) 0.1538

* statistically significant

The current study suggests that medical graduates fol-
lowing the new curriculum were not wholly unprepared
but were generally less prepared than the students fol-
lowing the original curriculum. Indeed, it is generally
considered that the clinical ability of graduates from the
6-year program has been somewhere between the clini-
cal abilities of students in the sixth and seventh years
in the original curriculum. Despite that the last year of
undergraduate training is not completely removed from
the system but rather moved to the postgraduate period,
once the graduates are licensed, they are regarded as
board-certified physicians and take full legal liability
for their actions. The educators therefore must prepare
learners to meet the expectations of society, their medi-
cal team, and even themselves upon graduation. Possible
ways to fill this ability gap include integration of earlier
PBL courses and targeting certain unprepared areas [36],
novice boot camps [33], near-peer-assisted learning [37],
or simulation-based training programs [38—40].
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Table 3 Result of the multivariate analysis of influential factors on learners’ preparedness and burnout
Preparedness Burnout
Crude Adjusted Crude Adjusted
B p-value B p-value B p-value B p-value
Age 7.73 <0.001% -1.54 0.2639 2.60 <0.001° 1.54 0.0099°
Male gender 6.34 0.0866 6.08 0.0911 0.61 0.6925 -0.15 0.9240
Previous Academic
Performance
Top third -0.08 0.9895 0.51 09173 -4.10 0.0567 -4.11 0.0520
Middle third -0.06 09161 -2.59 0.5641 -1.72 03782 -2.06 0.2826
Bottom third ref. - ref. - ref. ref.
Measurements
Tst ref. - ref. - ref. ref.
2nd 410 0.0455° 3.64 0.0750 2.53 0.0055° 2.37 0.0100°
3rd 13.0 <0.001* 14.3 <0.001° 3.17 <0.001° 1.63 0.0952
4th 19.8 <0.001°% 204 <0.001° 4.46 <0.001° 2.76 0.0121°
5th 20.7 <0.001? 244 <0.001° 8.29 <0.001° 512 0.0018°
6th 227 <0.0012 255 <0.001° 7.25 <0.001° 4.10 0.0114°
Curriculum
Original ref. ref. ref. ref.
New -8.26 0.0305° -9.98 0.0346% -0.83 0.6052 0.79 0.6921
Year of Change
No ref. ref. ref. ref.
Yes 3.39 0.3855 5.06 0.2579 267 0.1003 142 04569
@ Statistically significan
Burnout and emotional exhaustion during the initial  Limitations

clinical placement period have been widely documented,
but most previous studies have been cross-sectional [41-
44]. An interesting finding in this study is that the burn-
out level seems to increase as learners proceed further
into their clinical rotations and gradually become more
prepared. A possible explanation is that an observer or
outsider experiences no burnout. As clinical placement
is a gradual shift from observership to supervised hands-
on learning, the more learners may engage in the clinical
setting, the higher the level of burnout they experience
may be. Another finding related to the level of burnout
is that the older a learner is, the higher the level of burn-
out he or she reports. This could be explained by the fact
that the intensive workload, transition from day to night
shifts, change in environment and schedule differences
between specialties all require considerable mental and
physical energy. Some medical students who are several
years older than their peers may experience a higher
level of burnout. Further studies about the relationship
between age and subsequent burnout during clinical
placement are needed to address this issue.

This study has certain limitations. First, this study
enrolled medical students from a single medical school.
However, the study addressed medical students’ clinical
learning experiences, and differences in training hospitals
were taken into account. Second, the study population
consisted of mostly Taiwanese medical students, with
only 5 foreign learners. The differences between cultural
contexts must be considered before applying the results
across settings. Third, the participants in this study were
medical students who volunteered for the study. A selec-
tion bias may be present because students who par-
ticipated may be different from the whole population
in terms of their preparedness for practice or degree of
burnout.

Conclusion

A shortened duration of clinical rotatory training is asso-
ciated with a decrease in preparedness for practice dur-
ing the transition from undergraduate to postgraduate
study. Clinical confidence and patient management were
the main domains affected. Nevertheless, students from
both curriculum groups showed a gradually increas-
ing trend over the study period. Older learners were
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associated with an increased level of burnout during clin-
ical rotation.
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