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Abstract

Background: Graduating from medical school and beginning independent practice appears to be a major
transition for medical students across the world. It is often reported that medical graduates are underprepared for
independent practice. Most previous studies on undergraduates’ preparedness are cross-sectional. This study aimed
to characterize the development and trend of medical students’ preparedness and its association with other
objective and subjective indicators from the undergraduate to postgraduate periods.

Methods: This was a prospective cohort study. The participants were recruited and followed from two years before
graduation to the postgraduate period. The preparedness for independent practice, professional identity, and
teamwork experience were biannually measured using previously validated questionnaires. The participants’ basic
demographic information, clinical learning marks from the last two years, and national board exam scores were also
collected.

Results: A total of 85 participants completed 403 measurements in the 5 sequential surveys. The mean age at
recruitment was 23.6, and 58 % of participants were male. The overall total preparedness score gradually increased
from 157.3 (SD=21.2) at the first measurement to 175.5 (SD=25.6) at the fifth measurement. The serial individual
preparedness scores revealed both temporal differences within the same learner and individual differences across
learners. Despite the variations, a clear, steady increase in the overall average score was observed. Participants were
least prepared in the domain of patient management at first, but the score increased in the subsequent
measurements. The participants with better final preparedness had better professional identity (p<0.01), better
teamwork experience (p < 0.01), and higher average clinical rotation marks (p<0.05).
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Conclusions: The preparedness for practice of medical students from the undergraduate to postgraduate periods is
associated with their professional identity, teamwork experience, and objective clinical rotation endpoint. Although
preparedness generally increases over time, educators must understand that there are temporal fluctuations and
individual differences in learners’ preparedness.

Keywords: Preparedness for practice, Undergraduate medical education, Professional identity, Longitudinal study,
Questionnaire study, Transition, Clinical placement

Background
Medical education is a long and continuous process in
which a medical student gradually transforms into a
doctor with professional competencies. Depending on
the learning methods, content, and setting, the process
is often divided into several different stages, such as
basic medicine education, clinical placements, residency,
and faculty development [1–5]. Due to the relatively
homogenous learning environment in each stage, learners
are able to master the knowledge, skills, and attitudes that
should be learned in that stage in a relatively routine way.
However, during the transition from one stage to another,
students may experience major changes [6].
Regardless of the country or curriculum system, one of

the most substantial transitions in the process of medical
education is the period before and after graduation [1, 7,
8]. Normally, after receiving basic medical training, med-
ical students undertake a period of rotatory clinical
observership before graduation. This period is called by
different names, such as clerkship, (undergraduate) in-
ternship, or clinical placement [2, 3, 9]. Within this
period, students’ clinical learning is directed by clinical
educators, who are responsible for facilitating the acqui-
sition of profession-specific skills while students are in
the field [10, 11]. Then, students graduate and pass the
board examination, after which they begin independent
practice under supervision in the hospital. This post-
graduate stage could be a (postgraduate) internship,
postgraduate year (PGY) rotation, or residency, depend-
ing on the system [1, 2, 7].
During the transition of graduation, the trainees ex-

perience several major changes. The first is a transform-
ation of identity: students become physicians through
national examinations. For those who are not well pre-
pared, it may seem that they are forced to become doc-
tors overnight. Second, instead of paying tuition, with
the goal of learning being the first priority, postgraduate
learners are being paid, and in addition to learning, they
now have competing duties, such as taking care of pa-
tients. In terms of the learning environment, preclinical
education comprises mostly discipline-oriented class-
room learning and problem-based discussions. In the
hospital, training is usually case-based, involving hands-
on learning with real patients. This clinical education

involves learning clinical and professional skills and pro-
vides learners with the opportunity to actively incorpor-
ate theoretical knowledge into clinical practice [12].
Finally, the competencies needed may be different. Pre-
clinical learning focuses on single-professional practice,
whereas clinical education is generally team-based, with
the learning of multispecialty or multi-professional com-
petencies that help learners understand healthcare deliv-
ery complexities.
The major changes occurring during the transition

from the undergraduate to postgraduate periods pose
challenges to medical students worldwide [6, 13]. Al-
though one of the major aims of medical schools is to
prepare undergraduates for their subsequent postgradu-
ate hospital practice in all competency dimensions, it is
often reported that medical students are underprepared
for independent practice [14, 15]. Monrouxe and her
colleagues, in their national qualitative study, reported
that the August transition period was the time of
greatest stress for new graduates, with them feeling un-
prepared, especially for their perceived change in re-
sponsibility, workload, and multitasking [8, 15]. It has
even been reported that underprepared new graduates
may negatively impact the quality of care at teaching
hospitals during the transition period [16, 17].
Preparedness refers to leaners’ reported sense of being

prepared for a number of areas of practice. It implies
that the learners themselves are aware of their capabil-
ities and are confident in their ability to safely begin
work [18]. Preparedness for practice is thought to be as-
sociated with increased feelings of self-efficacy and the
acquisition of “generic skills’’, including problem-solving,
critical thinking, and communication [19, 20]. Various
measurements have been proposed for the preparedness
of different competencies, and the results allow clinical
educators to understand how ready, overall or in differ-
ent domains of competencies, their medical students are
to be doctors[18, 21]. It also enables the comparison of
educational outcomes across the curriculum, especially
for practical skills. Various results regarding prepared-
ness for clinical practice have been reported across
countries [20, 22–25]. However, most of these studies
are cross-sectional, and the trend of preparedness during
the transition of graduation has not been followed and
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studied. Knowledge of this evolutionary change may help
clinical educators better prepare their learners to cope
with this transition and change. This longitudinal study
aims to understand the development and trend of med-
ical students’ preparedness and its association with other
objective and subjective indicators from the undergradu-
ate to postgraduate periods.

Methods
Study setting
This was a prospective cohort study. The participants
were recruited and followed from 2 years before gradu-
ation to the postgraduate period with repeated question-
naire surveys. During the first year of the study, they all
completed their clinical rotation observership at Chang-
Gung Memorial Hospital, Linkou branch. This is a ter-
tiary medical center and the largest teaching hospital in
Taiwan. In the second year, these students were assigned
to four large teaching hospitals in Taiwan at their will to
receive another year of clinical rotation. During this last
year before graduation, they are provided with more
hands-on learning opportunities and share more respon-
sibility for patient care under supervision. At the end of
the second year of study, they graduated and then took
the national medical board exam. In the third year, they
entered their PGY1 program through a national match-
ing process at different teaching hospitals across Taiwan.
The PGY period is a mandatory postgraduate rotatory
program for all medical graduates before entering resi-
dency in any specialty.

Participants and data collection
The participants were medical students from Chang-
Gung University who graduated in 2019, regardless of
age. Recruitment was performed in September 2017 via
email and posters. Because of the long study period, all
participants were given a one-hour recruitment orienta-
tion before providing written consent and were followed
until January 2020. The basic demographic data col-
lected included age, sex, hometown location, self-
reported previous academic performance, and site of
clinical learning. Our participants were asked to fill out
previously validated online questionnaires related to
their preparedness for independent practice, professional
identity, and team collaboration biannually. Specifically,
the time points for measurement were 18, 12, 6, and 1
month before graduation and 5 months after graduation.
Each measurement was performed within a one-month
period. We used SurveyMonkey as the online interface
for the questionnaire survey. Objective learning end-
points, including clinical learning marks from the last
two years and board exam scores, were also collected if
the participants agreed to provide them. The marks in
clinical rotations are predefined structured assessment

results from each specialty, usually consisting of marks
from clinical teachers (faculty), marks from residents on
the same team, formative assessment results, meeting at-
tendance, and written test results. The board exam score
collected was from the last stage, a knowledge-based
multiple choice question (MCQ) test for licensing
qualification.

Ethics approval and consent to participate
This study was approved by the Chang-Gung Institu-
tional Review Board (IRB No. 201601758B0,
201701981B0). Consents were obtained from every
participant.

Instruments
Preparedness for independent clinical practice was mea-
sured by the Chinese version of the Preparedness for
Hospital Practice Questionnaire (PHPQ). The original
English version was developed by Hill et al.[26] and
consisted of 41 items in eight subscale domains: self-
directed learning (SDL), holistic care (HC), prevention
(PV), science (SC), management (MG), collaboration
(CL), confidence (CF), and interpersonal skills (IS). It
has been externally validated in several subsequent stud-
ies [23, 25, 27]. The Chinese version of the PHPQ was
developed and validated recently by Yu et al. and has a
satisfactory Cronbach’s alpha level of 0.94. [28]. For pro-
fessional identity, we used the MacLeod Clark Profes-
sional Identity Scale to measure how medical students
regard themselves as medical professionals. This scale
was adapted from the tool originally developed by Brown
et al. [29] to measure group identity within a group of
factory workers. It has been validated in learners from
different health care professions in several studies [28,
30, 31]. For the analysis of teamwork experience, which
is a major feature of clinical placement, the Team Un-
derstanding Scale (TS) was used. This measurement was
first developed by Rentsch et al. to measure students’
understanding of teamwork [32]. It is a ten-item scale
and has been shown to correlate significantly with the
reported time spent on an individual’s current team.
This scale was also validated in other cohorts and shows
acceptable reliability [28, 30].

Statistical analysis
Demographic results are presented as counts (percent-
ages), means (standard deviations, SDs), or medians
(interquantile ranges, IQRs), as appropriate. The sums of
the measurement item results, such as the total scores
or subscale scores, were taken as continuous variables,
as suggested by Normal [33]. Comparison of categorical
variables between groups was performed using the chi-
square test or Fisher’s exact test, as appropriate.
Comparison of continuous variables between groups was
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performed using an independent t test. To better under-
stand the relationship between reported preparedness
and other self-reported measurements and the objective
learning endpoints collected, the participants were di-
vided into higher and lower groups by the median of the
individual relevant indicators, and serial PHPQ results
were compared between groups. All statistical analyses
were performed using SAS software (version 9.4, SAS In-
stitute Inc., Cary, NC) [34]. A p value of less than 0.05
was considered statistically significant.

Results
Of the 211 students who graduated in 2019, 85 partici-
pated in the study (participation rate 40.3 %). The mean
age was 23.6 (SD = 1.25) years, and approximately 60 %
of the participants were male. A total of 403 measure-
ments were collected during the study period. The drop-
out rates of the last two measurements were 3.53 and
20 %, respectively. The descriptive results for the partici-
pant characteristics and serial surveys, including the in-
dividual domain results, are presented in Table 1. The
overall total PHPQ score ranged from 157.3 (SD = 21.2)
at the first measurement to 175.5 (SD = 25.6) at the fifth
measurement. It is worth noting that the SDs of each
measurement increase with time. In Fig. 1, the evolution
of the individual total PHPQ scores (thin colored lines)

and overall average score (black dashed line) is visual-
ized. As the figure shows, there are both individual dif-
ferences between learners and temporal differences
within the same learner. Despite the variations, an over-
all gradual increase in the average PHPQ scores was ob-
served from the first to the fourth measurements.
In Fig. 2, the serial average scores of the eight domain

subscales are shown. The domains of interpersonal skills
and patient management are the two in which under-
graduate learners generally feel most unprepared in
when they first enter clinical rotation. However, the pa-
tient management score increased significantly in the
subsequent measurements. In contrast, the preparedness
for self-directed learning was highest at the first meas-
urement and did not improve much afterwards.
The comparison of the serial PHPQ scores according

to the stratification based on self-reported team
collaboration and professional identity at the same meas-
urement time is presented in Table 2. From the under-
graduate to postgraduate periods, participants with
better team collaboration scores showed significantly
better preparedness at the first (p < 0.01), second (p <
0.0001), third (p < 0.05), fourth (p < 0.0001), and fifth
(p < 0.01) measurements. Similarly, participants with bet-
ter professional identity also showed significantly better
preparedness at the first (p < 0.01), second (p < 0.001),
third (p < 0.05), and fourth (p < 0.01) measurements.

Table 1 Descriptive results of the participants and the serial questionnaire measurement results. The numbers are presented as the
mean (SD) unless stated otherwise. The questionnaire scales are listed by the scale/subscale name (abbreviation if present, number
of items)

Measurements

Overall(n = 403) 1st (n = 85) 2nd (n = 84) 3rd (n = 84) 4th (n = 82) 5th (n = 68)

age 23.6 (1.25)

Malea 50 (58.8)

Self-reported academic performancea

Top third 24 (28.2)

Middle third 41 (48.4)

Bottom third 20 (23.5)

Preparedness total (PHPQ, 41) 166.9 (24.1) 157.3 (21.2) 159.9 (21.7) 168.1 (22.3) 175.6 (24.6) 175.5 (25.6)

Interpersonal skills (4) 12.6 (3.53) 11.2 (3.17) 11.7 (3.14) 12.7 (3.16) 13.7 (3.60) 14.0 (3.84)

Confidence (6) 24.1 (4.26) 23.0 (3.82) 23.4 (4.31) 24.0 (4.05) 25.5 (4.22) 24.5 (4.57)

Collaboration (4) 15.7 (3.43) 14.7 (3.35) 14.5 (3.13) 16.0 (2.96) 16.5 (3.52) 17.1 (3.58)

Management (5) 20.2 (4.02) 17.1 (3.12) 17.8 (3.28) 21.0 (3.16) 22.9 (3.20) 22.7 (3.39)

Science (4) 15.1 (2.64) 14.4 (2.42) 14.3 (2.32) 15.3 (2.33) 15.7 (2.62) 16.0 (3.13)

Prevention (6) 27.6 (3.78) 26.8 (3.67) 27.0 (3.70) 27.6 (3.60) 28.2 (3.91) 28.5 (3.83)

Holistic care (6) 25.5 (4.83) 24.3 (5.32) 25.5 (4.60) 25.4 (4.91) 26.1 (4.84) 26.2 (4.17)

Self-directed learning (6) 26.2 (3.94) 25.8 (3.94) 25.7 (3.72) 26.1 (3.94) 27.0 (4.04) 26.6 (4.04)

Professional Identity Scale (PIS, 9) 34.1 (4.02) 33.8 (4.17) 33.7 (3.62) 34.2 (4.17) 34.5 (3.83) 35.0 (4.46)

Team understanding Scale (TS, 10) 34.9 (5.28) 33.0 (5.14) 33.3 (5.50) 35.4 (4.45) 36.5 (4.93) 37.5 (5.10)
apresented as count (%)
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Fig. 1 Evolution of the individual total preparedness scores (thin colored lines) and overall average score (black dashed line)

Fig. 2 Visualization of the serial average scores of eight PHPQ domains, ordered according to the first measurement score from low to high
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To examine the correlation between the objective
learning endpoints and the self-reported results, the
average learning marks from the last two years of clinical
rotation and the national board exam results were used.
Participants were divided into two groups by the median
scores. The learners with better rotation marks were
shown to have better final preparedness (p < 0.05)
(Table 3). The board exam results, however, were not
associated with differences in PHPQ scores. Another
self-reported result, previous academic performance,
correlated well with the clinical rotation score (p <
0.0001) and board exam results (p = 0.0001). Sex, on the
other hand, has not been shown to affect either the clin-
ical rotation learning marks or the board exam results in
the current study.

Discussion
The results of this study revealed a gradual overall in-
creasing trend in learners’ preparedness before gradu-
ation and the variations among different domains, across
individuals, and at different time points. To the best of
our knowledge, this is the first quantitative, longitudinal
study to measure the change in medical students’ pre-
paredness during the transition from the undergraduate
to the postgraduate period. Several similar cohort studies

have repeated measurements but mostly focused on ei-
ther undergraduate or postgraduate periods [35–38].
This study confirms the relationship of preparedness for
practice with other subjective indicators, such as the per-
ception of professional identity and team collaboration
experience. This study also demonstrated the association
of subjective endpoints, such as survey results and self-
reported previous academic performance, with objective
learning outcomes, namely, clinical rotation marks.
Preparedness concerns all aspects of ability and is

thought to be linked to increased feelings of self-efficacy
[19, 20]. The current study confirmed the association be-
tween preparedness and other subjective indicators. In
other words, the more prepared students felt, the greater
they perceived themselves as doctors and the greater
they were integrated into the medical team. The above
association creates a virtuous cycle, which may ultim-
ately affect the learner’s relationship with his or her
supervisor and medical team members. This also ex-
plains why preparedness is associated with one of the
objective learning endpoints, the average clinical rotation
mark. A certain proportion of the composition of the ro-
tation mark consists of subjective evaluations from the
supervisor. As Chipchase et al. mentioned, supervision
of a poorly prepared student is demanding, and a suc-
cessful relationship during clinical learning also falls to

Table 2 Association of preparedness with other self-reported measurements. Participants were divided into two groups according
to the median of the team experience scale and professional identity scale measurements in each measurement, and their
preparedness was compared between groups using an independent t test. The average scores are presented as mean (SD)

Measurements Team understanding scale Professional Identity Scale

Higher half Lower Half p-value Higher Half Lower half p-value

First 163.0 (20.8) 150.9 (20.0) 0.008* 162.9 (22.3) 150.3 (17.7) 0.006*

Second 170.0 (18.7) 149.2 (19.5) < 0.0001* 167.4 (16.0) 151.3 (24.2) 0.001*

Third 173.8 (22.4) 161.5 (20.5) 0.011* 172.8 (17.2) 162.6 (26.1) 0.035*

Fourth 184.8 (20.3) 163.6 (24.3) < 0.0001* 181.7 (24.5) 165.2 (21.0) 0.003*

Fifth 184.0 (22.3) 166.2 (15.6) 0.006* 180.0 (20.2) 173.9 (23.2) 0.353
*Statistically significant

Table 3 Comparison between groups according to objective endpoints. Participants were divided into two groups according to the
median of the average clinical rotation learning mark and board exam score. The numbers are presented as count (%) unless stated
otherwise

Learning mark of clinical rotations Board exam result

Higher half Lower half p-value Higher half Lower half p-value

Male 21.0 (50.0) 29 (67.4) 0.1023 16 (55.2) 14 (48.3) 0.5992

Previous performance

Good 20 (83.3) 4 (16.7) < 0.0001* 15 (79.0) 4 (21.1) 0.0001*

Medium 19 (46.3) 22 (53.7) 14 (51.9) 13 (44.2)

Poor 3 (15.0) 17 (85.0) 0 (0) 12 (100)

Final PHPQ scorea 182.7 (29.7) 169.4 (20.1) 0.039* 175.9 (20.1) 174.3 (23.5) 0.7833
apresented as mean (SD)
*statistically significant
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students, who must present themselves as competent,
professional, and well prepared [12, 39].
Traditionally, preparedness is assessed and licenced

through medical board examinations, which are focused
primarily on the mastery of requisite medical knowledge
[2, 3, 25]. Other critical domains and skills, such as team
collaboration, communication, technical skills, and the
ability to provide holistic care, are not assessed to the
same degree. The board exam MCQ test scores were not
associated with differences in preparedness in the
current study, indicating that real-life patient care, not
medical knowledge, is often the main domain in which
students feel unprepared. This was also evidenced in the
current study by the fact that the subscale of patient
management showed the sharpest increase among all
eight domains. Likewise, previous studies have indicated
that medical graduates often feel unprepared for com-
mon clinical procedures due to insufficient “hands-on”
practice [14, 20, 28]. Fortunately, in recent decades,
newer clinically oriented assessments, such as the OSCE
(Objective Structured Clinical Examination), DOPS (Dir-
ect Observation of Procedural Skills), and Mini-CEX
(Mini Clinical Evaluation Exercise), have been added to
medical curriculums as formative or summative assess-
ments. In addition, many countries have adapted skill as-
sessments as part of the board licencing process [1, 2, 5].
These efforts may help clinical teachers focus their train-
ing on cultivating a competent young doctor as a whole
rather than only on increasing medical knowledge.
The current study showed a steady overall upward

trend in medical students’ preparedness as they spent
more time in clinical rotation and gained more experi-
ence. However, these developments were not necessarily
linear or unidirectional. Similar findings were reported
by Monrouxe et al. in their qualitative research: challen-
ging circumstances sometimes made undergraduates feel
unprepared, even for situations where they had previ-
ously indicated preparedness [40]. A number of factors
related to training programs and clinical workplace envi-
ronments were identified previously as being able to
facilitate students’ perceptions of feeling prepared for
practice. These include close identification with role
models, opportunities for shadowing seniors and rele-
vant workplace teaching and support [9, 23, 41]. Clinical
teachers must understand that there are ups and downs
in the process of learning and transition, just as there
are prosperity and adversity in real life.
Our results also showed that the overall PHPQ scores

of 1 month before graduation and five months after
graduation were approximately the same. This result is
somewhat different from a recent article by Burridge
et al. in which UK postgraduate doctors reported their
first experience of genuine preparedness between three
and six months [42]. A possible explanation could be

that there is a two-month gap between graduation and
PGY training in Taiwan. Another possibility could be
due to individual differences with extreme values, evi-
denced by the increase in SDs of the overall PHPQ
scores. At the systemic level, efforts should be made to
create a supportive learning environment. Individuals
with significantly lower preparedness should be identi-
fied, as this characteristic was reported to be associated
with emotional exhaustion and psychological distress
[43].

Limitations
This study has several limitations. First, we recruited
volunteer medical students, and selection bias may
therefore exist, as the participants may not represent the
whole population in terms of their knowledge, skills, and
preparedness for practice. Second, we utilized mainly
self-report surveys, and some of the results may not
reflect the actual situation of the participants. Neverthe-
less, the authors tried their best to link and analyze the
subjective results with objective learning endpoints.
Third, this study is a single-nation study, and contextual
differences must be taken into consideration before ap-
plying the results of this study. Further longitudinal
studies in different contexts may be beneficial to under-
standing the relationship between cultural differences
and preparedness for clinical practice among medical
students.

Conclusions
The preparedness for practice of medical students from
the undergraduate to postgraduate periods is associated
with their professional identity, teamwork experience,
and objective clinical rotation endpoints. Although pre-
paredness generally increases with time, educators must
understand that there are temporal fluctuations and in-
dividual differences in learners’ preparedness.
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