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attrition. Career intentions have the potential to promote medical students’ career commitment
and encourage them to stay in the medical profession. Moreover, a series of dynamic career in-
tentions during medical education can be served as an early guide to the medical students’ future
career choices (whether medical students finally choose to practice medicine). However, few
studies focus on the dynamics of career intentions among medical students. In this study, we
utilized data from a large-scale national survey of medical students conducted in China from 2020
to 2022 to curve the trajectory of the intention to practice medicine among medical students
during their undergraduate medical education by using multilevel growth model. Furthermore,
we applied latent Markov model to estimate the transition matrix of the intention across each
academic year during the undergraduate medical education. Our findings revealed a trajectory
curve with a peak during the second year in the intention to practice medicine. In addition, we
identified three latent states of career intention including “strong intention”, “wavering” and
“weak intention”, and further found two distinct transition patterns between individuals with
strong career intentions and those without strong career intentions. The transition patterns play a
crucial role in understanding the changes in the trajectory of medical students’ intentions and
determining the optimal timing for interventions to prevent medical student attrition. Our study
offers a comprehensive understanding for the dynamics of the career intention among medical
students, which has practical implications for medical educators and institutions to address the
issues of medical student attrition.

1. Introduction

The shortage of healthcare workers is a global problem. According to the World Health Organization (WHO), the gap between
supply and demand in the labor market of healthcare industries has reached 17.4 million in 2013, a number predicted to remain at
about 18 million by 2030 [1]. According to the estimation from the Association of American Medical Colleges (AAMC), the U.S. would
see a shortage of up to nearly 122,000 physicians by 2032 [2]. Meanwhile, those economically underdeveloped countries are facing
more severe shortages of health workers. This gap cannot be easily closed because of a high attrition rate in the medical field. O’Neill
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et al. reviewed studies of factors associated with dropping out of medical school and estimated an average of 9.1% attrition rate with a
range between 2.7% and 20.1% across multiple countries worldwide, including the U.S., Australia, the UK, South Africa, the
Netherlands, New Zealand, Canada, Israel, and India. Besides dropping out from medical schools, many countries saw a high pro-
portion of students who choose to leave the medical profession upon graduation [3]. In 2021, a report published in the “Health
Development Outlook” by China Health Development Research Center at Peking University estimated that China’s medical graduate
attrition rate was 20.7% between 2005 and 2018 using official data from the “China Health Statistics Yearbook” [4].

Due to the increasingly serious problem of medical students leaving the profession, there has been a growing concern about the
career intentions among medical students [5-7]. Career intention refers to the attitude whether a medical student has the intention to
practice medicine in his/her career. Most studies on career intention have used cross-sectional methods [7]. For example, Miranda
et al. examined the career intention among medical students at the last two years of undergraduate medical education at four medical
schools in the state of Minas Gerais, Brazil and found that only 79.3% of the participants indicated that they intend to work in this field
after graduation [8]. Similarly, Kizito et al. conducted a cross-sectional study among 251 final-year medical students from four medical
schools in Uganda. Of the 251 students enrolled in the study, 28 (11.2%) wanted to leave the health sector [6]. However,
cross-sectional methods only capture a snapshot of career intentions at a single point in time. Career intentions change over time
during medical education, and the final career choice to practice medicine is determined by a series of dynamic career intentions [9].
Thus, existing cross-sectional studies fail to examine a dynamic picture of how career intentions evolve over time. To reduce attrition
rates before medical students making the final career choice, it is more important for medical educators and institutions to focus on
career intentions and especially pay attention to the dynamics of the intentions.

To systematically study the dynamics of intention to practice medicine among medical students, this article has two research
questions. First, we adopt a longitudinal perspective to curve the trajectory of medical students’ intention to practice medicine during
their undergraduate education stage. Second, we further examine the transition pattern of medical students’ intention to practice
medicine at each stage of undergraduate education. These two research questions will yield a comprehensive understanding for the
dynamics of the intention, and provide a policy basis for interventions to reduce medical student attrition.

To address the research questions, we employed the repeated China Medical Student Survey (CMSS) which is a large-scale na-
tionally representative survey targeting all grades of undergraduate medical students. Undergraduate Medical Education in China is a
five-year formal medical training program that includes clinical rotation in the final year and widely adopted by medical schools in
China.

This study has three contributions. First, we expand the literature on the dynamics of intention to practice medicine. Second, this
study discovered transition patterns in the intention to practice medicine and provided practical implications for interventions. Finally,
this study provides a reference for medical student attrition in China in a career intention sense.
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Fig. 1. Number of Respondents by Cohort at each Wave. Note: This figure shows the number of students in each cohort at each wave. Each wave
from left to right represents first-year to fifth -year students, so the arrangement of each cohort is diagonal from top left to bottom right. For
example, the leftmost cell in 2020 (first-year student) is defined as cohort 1, which will appear in the second cell of 2021 wave (second-year student)
and the third cell of 2022 wave (third-year student). There is a noticeable fluctuation in the number of individuals within each cohort, indicating
that the data are not balanced within each cohort. Notwithstanding, the missingness in this unbalanced data is ignorable under the assumption that
the data are missing at random [10]. Under missing at random, missingness may be nonrandom, but the association between the probability of
missingness and the missing value is explainable by the observed data [11].
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2. Methods
2.1. Data

To study the trajectory of medical students’ intention to practice medicine during their undergraduate stage, we utilized the China
Medical Students Survey (CMSS) which is a large-scale nationally representative survey conducted by the National Center for Health
Professions Education Development in China. CMSS is designed for five-year clinical undergraduate students and collected information
about their basic demographic characteristics, pre-university experiences including retrospective intention to practice medicine when
applying for medical schools, and academic performance in medical schools of clinical medical students from all five grades (first-year
to fifth-year) including current intention to practice medicine. The survey is annually conducted at the end of every academic year in
June in China. The first wave of the CMSS was conducted in 2020 and the most recent data was released in 2022, constituting a total of
three survey waves (2020, 2021, 2022 waves).

In order to capture the trajectory of medical students’ intention to practice medicine during their undergraduate program, we
utilized all sample from the three waves of the CMSS. It should be noted that the CMSS is not designed to follow up individual medical
students, but rather to comprehensively understand the quality of undergraduate medical education and the training status of enrolled
medical students from the students’ perspective each year. However, since the key identifiers of student IDs and college information
are collected in each annual survey, we could match individuals across the three waves, which allows us to structure a dataset with the
longitudinal feature.

After matching, our analytical sample consists of seven cohorts as shown in Fig. 1. As shown in Fig. 1, each wave from left to right
represents the first-year to fifth-year students, so the arrangement of each cohort is diagonal from top left to bottom right. The seven
cohorts, numbered 1 to 7, correspond to the first-year, second-year, third-year, fourth-year, fifth-year students at 2020 wave, the first-
year students at 2021 wave, and the first-year students at 2022 wave. Each cohort provides corresponding information at different time
points during the undergraduate program. For example, individuals in cohort 1 may provide information of their career intention at
four time points: applying for medical school, and the end of their first, second, and third years of undergraduate study. Individuals in
cohort 2 may provide information at four time points: when applying for medical school, and the end of their second, third, and fourth
years of undergraduate study. While individuals in cohort 5 may only provide information at two time points: when applying for
medical school and at the end of their fifth year, as they have graduated after the 2020 wave and are no longer included in subsequent
surveys.

Our sample consists 143,449, 212,300, and 142,677 students in each respective wave. After matching the data among the three
waves, a total of 367,397 students from 143 medical schools in China were included in the sample. After converting students into
student-year observations, a total of 855,971 student-year observations were obtained.

2.2. Variables

When analyzing the trajectory of intention to practice medicine, the main dependent variable is a binary variable indicating
whether the medical student intends to practice medicine or not. Our independent variable of interest is the time metric “Year”, which
is taken six values of {0, 1, 2, ..., 5} representing the time points of one’s applying for medical school (Year = 0), and the end of the first
to the fifth (i.e., graduation) academic years of one’s studying in medical school (Year = 1, 2, 3, 4, 5), respectively. We treat “Year” as a
continuous variable in order to obtain a smooth trajectory curve. In addition, we also include demographic variables of medical
students as covariates: Male (1 if the student is male and 0 otherwise), One Child (1 if the student was an only child in their family and
0 otherwise), and family background information: Parents’ Education (parents’ years of schooling) and Parents’ Occupation (Inter-
national Socio-Economic Index (ISEI) of occupational status for parents), Family Member (1 if the student had a family member who
was a health professional and 0 otherwise), and Urban Area (1 if the student’s hukou belonged to an urban area and 0 otherwise). For
medical students who have missing data on demographic variables, we use the mean in their medical schools (and the median for
dummy variables) to impute missing values. Note that we did not include any time-varying variables because the inclusion of these
variables may affect the trajectory of the intention to practice medicine. Time-varying variables may act as mediating variables, which
can separate the trends of these mediating variables from the overall fluctuation of the trajectory. Mechanism analysis of the trajectory
of intention to practice medicine is beyond the scope of this study.

2.3. Empirical strategy

To study the first research question, fitting the trajectory of intention to practice medicine, we employed a multilevel growth
model, which is straightforward to incorporate the repeated observations (medical students) nesting in clusters (medical schools) [12,
13].

Furthermore, multilevel growth models allow for the data structure that involves individuals who provide information at different
occasions and different numbers of occasions, as long as the maximum number of possible occasions across the sample as a whole
remains limited [14]. More specifically, as mentioned in the Data section, each cohort contributes data for a specific limited interval of
time, while the six time points spanning the entire undergraduate period are observed across the sample as a whole.

It should be pointed out that there may be one potential issue using different cohorts to fit the trajectory. The existence of a common
trajectory for all cohorts of medical students needs to be proven to ensure that the trajectories do not vary by cohort. A naive analysis is
proposed that there will be no cohort differences if the (adjacent) cohorts means are fairly similar and their confidence intervals
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overlap [11,15,16]. We present the results for this test in the Appendix.

To study the second research question, which is to examine the transition pattern of the intention trajectories at different time
periods, we use the Latent Markov Model (LMM). LMM has a main function of classification of units and studying the transition
between these classes [17]. Through a suitably formulated LMM, we can aggregate subjects in different classes corresponding to the
latent states, similar to a Latent Class Model (LCM). In contrast to the LCM, it is also possible to estimate a LMM with only one response
variable per period [18,19] which is the binary variable to measure whether medical students intend to practice medicine at the end of
each academic year in this study. Furthermore, the LMM has a higher degree of flexibility due to the possibility of subjects are allowed
to move between the latent states during the period of observation. Specifically, we first identify the typical latent states for the
intention to practice medicine based on the AIC and BIC values [17], which determines the optimal number of latent states with
subjects in the same latent state having the same probability of practicing medicine. Second, we estimate the parameters of the LMM:
conditional response probabilities given the latent state, initial probabilities, and the transition matrices of the latent states at each
academic year.

3. Results
3.1. Descriptive statistics

Table 1 presents the distribution of the intention to practice medicine by each cohort at different academic year. We found that the
various cohorts had roughly similar levels of intention to pursue a career in medicine at each specific year. Overall, the different
proportion among students who intend to practice medicine by academic year indicated a non-linear trajectory of medical career
intention over the undergraduate medical education. Specifically, there is a sharp increase in the early stage of undergraduate edu-
cation, followed by a gradual decline with minor fluctuations. In the following analysis, we will employ a more stringent model to fit
this trajectory.

4. The trajectory of intention to practice medicine

We applied multilevel growth model to fit the trajectory of medical students’ intention to practice medicine over year. As presented
in Table 2, we fitted linear, quadratic, and cubic models sequentially. All three goodness-of-fit indicators suggest that the cubic
specification is the best for our data. Specifically, the difference in deviance between the quadratic (Column 2) and cubic (Column 3)
models is significant in the chi-square test (df = 1, p < 0.001). Moreover, both AIC and BIC show a minimum value under the cubic
model. In principle, we can estimate as high an order of polynomial function as can be identified by the number of repeated mea-
surement occasions [20,21]. However, practically, given a minimum of five time points, researchers can estimate a third-order
polynomial because higher-order polynomial trajectory models become increasingly difficult to interpret, especially when attempt-
ing to relate model results back to theory [21]. After running high order polynomial models, we found that they have little added value
based on the goodness-of-fit indicators. Hence, we used the results from the cubic model to fit the trajectory curve and visually showed

Table 1
Descriptive Statistics for the intention to practice medicine, by Year and Cohort.
Year

Cohort 0 1 2 3 4 5
Cohort 1 70,953 35,718 44,014 42,944 — —
Mean 0.562 0.913 0.856 0.852 — -

SD 0.002 0.001 0.002 0.002 — -
Cohort 2 62,173 - 30,772 47,939 14,233 -
Mean 0.542 - 0.912 0.850 0.814 -

SD 0.002 - 0.001 0.002 0.003 -
Cohort 3 55,453 - - 28,760 32,717 25,399
Mean 0.533 - — 0.876 0.800 0.830
SD 0.002 - - 0.001 0.002 0.002
Cohort 4 43,232 - - — 19,544 32,971
Mean 0.531 — — — 0.810 0.809
SD 0.002 - - — 0.002 0.002
Cohort 5 27,991 - - — — 27,991
Mean 0.529 — — — — 0.860
SD 0.003 - - — — 0.002
Cohort 6 59,106 53,863 19,125 — — -
Mean 0.550 0.873 0.902 — — -

SD 0.002 0.001 0.002 — — —
Cohort 7 40,480 40,480 - — — -
Mean 0.579 0.904 - - - -

SD 0.002 0.001 — — — —

Notes: The first row for each cohort displays the number of observations in each academic year. Specifically, the count for year = 0 represents the total
number of observations within that cohort, as each individual responds to their career intentions when applying for medical schools. Dashes indicate
that data are not available at that academic year of cohort. The visualization is displayed in the Appendix (See Figure A1).
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Estimates of growth model for intention to practice medicine.
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Intention to practice medicine

1) 2) 3)
Fixed effect
Year 0.075*** (0.000) 0.230*** (0.001) 0.471*** (0.002)
Year squa —0.036*** (0.000) —0.182*** (0.001)
Year cubic 0.020*** (0.000)
Constant 0.576*** (0.005) 0.541*** (0.005) 0.527*** (0.009)

Random effect
School-Level

Random intercept 0.051 0.056 0.052
Random slope: year 0.012 0.036 0.024
Random slope: year square 0.006 0.004
Random slope: year cubic 0.0003
Student-Level

Random intercept 0.199 0.203 0.120
Deviance 924,757 885,901 866,798
AIC 924,785 885,931 866,830
BIC 924,948 886,105 867,016
Number of schools 143 143 143
Number of students 367,397 367,397 367,397
student-year observation 855,971 855,971 855,971

Note: The values in the parentheses represent the standard errors of the fixed effect estimates. ***p < 0.001, **p < 0.01, and * p < 0.05. The de-
mographic characteristics of the students were included in all regressions. It is evident that, overall, male individuals have lower career intentions.
Those with urban household registration, mothers with higher levels of education and occupation, and individuals with a medical family background
tend to have higher career intentions. At the student level, we included only random intercept terms, while at the school level, we introduced both
random intercept and random slope terms. The standard deviations for each level are reported in the random effects. Due to the large sample size, this
study used multilevel models where the response variable was treated as a continuous variable in the main results section. We also included the results
of the logistic regression in the Appendix and found robust results.

in Fig. 2.

Note: This figure shows the regression results of the probability of intention to practice medicine against year, as presented in the
column (3) of Table 2. “Year” is taken six values of {0, 1, 2, ..., 5} representing the time points of one’s applying for medical school
(Year = 0), and the end of the first to the fifth (i.e., graduation) academic years of one’s studying in medical school (Year =1, 2, 3, 4, 5),
respectively. We treat “Year” as a continuous variable in order to obtain a smooth trajectory curve. The y-axis represents the prob-
ability of intention to practice medicine. The covariates take the value of the mean of the sample for continuous variables and the
median of the sample for dummy variables.

As depicted in Fig. 2, the probability of intention to pursue a medical career is 54.5% at the stage of applying for medical schools
(Year = 0). It increases significantly in the early stage of medical education, with a peak of 92.3% during the second year, followed by a
relatively gradual decline with minor fluctuations, hovering around 85%. Finally, at the time of graduation in the fifth year, the
probability of pursuing a medical career is 87.6%.
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Fig. 2. Trajectory of medical students’ intention to practice medicine.
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In addition, we observe that the heterogeneity in career intentions is mostly derived from the student level, with relatively small
variations between schools. Referring to the standard deviation of the random intercept for school-level in the third column in Table 2,
we find that the heterogeneity in initial career intentions among schools is not substantial. The standard deviation of random intercepts
between school is 0.052. While the intercept in fixed effect is 0.527, which means that the variation around the mean within one
standard deviation is (encompassing approximately 68% of the samples from all medical schools) approximately between 0.475 and
0.579. Furthermore, we observed that the variations of career intentions among schools have decreased even further when the un-
dergraduate study starts. The standard deviation of school-level random effects for “year” is 0.024, while the coefficient for year in
fixed effect is 0.471. The standard deviation of school-level random effects for “year square” is 0.004, while the coefficient for “year
square” term in fixed effect is —0.182. The standard deviation of school-level random effects for “year cubic” is 0.0003, while the
coefficient for “year cubic” in fixed effect is 0.020. Overall, the coefficients for the year, year square, and year cubic terms in fixed
effects are much larger than the standard deviations of random slopes among schools. Therefore, the heterogeneity among medical
schools is relatively small and the trajectory of career intention we presented in Fig. 2 is applicable to the majority of schools in our
sample.

4.1. Transition matrix among the latent states of intention to practice medicine

Based on the obtained trajectory of medical students’ career intentions, we further investigated the transition patterns of the
intention during different periods of the undergraduate stage. First, we determined the optimal number of latent states for medical
students’ intention based on the AIC and BIC values for the Latent Markov Model (LMM). We tested the number of latent states from 1
to 4, and found that the values of both information criterion reached the minimum when the number equals to 3, as illustrated in Panel
A of Table 3. Therefore, dividing medical students’ intention into three latent states is the most appropriate according to our dataset.
Second, we presented the conditional response probabilities estimated by the LMM for the three latent states, which indicates the
probabilities of intention to practice medicine given their latent states, as shown in Panel B of Table 3. According to the conditional
response probabilities, we found that the probability of the intention to practice medicine is 2.4% given the first latent state (row).
Therefore, we name this latent state as the “weak intention” state. The probability of the intention to practice medicine increases to
68.5% given the second latent state (row) and thereby we name this state as the “wavering” state. The probability of the intention to
practice medicine given the third latent state (row) continues to increase to 97.7%, which is named as the “strong intention” state.

After classifying the latent states with substantial meanings, we presented the estimated initial probabilities and transition matrix
based on the LMM in Table 4.

At Year 0, indicating the time point of one’s applying for medical school, we found that the majority of subjects belong to the “weak
intention” latent state (42.0%) and the “strong intention” latent state (46.1%) as shown in Panel A of Table 4. In addition, only 11.9%
students are unsure about whether to pursue a career in medicine or not at the medical school application stage. The numbers of
subjects in the “weak intention” and “strong intention” states are roughly equal, resulting a polarization in state distribution at the
initial time.

As medical education begins, demonstrated in Panel B of Table 4, there is a high persistence in the “strong intention” state from
entrance to exit of medical school, meaning that subjects having the strongest tendency to practice medicine very rarely move to states
with a lower tendency of practicing medicine. The probability of remaining in this state is at around 94.5%-100% throughout the
undergraduate stage.

Interestingly, for those in the “weak intention” state, their intentions are relatively malleable during the first year (Year 0 to Year 1).
47.4% of them move to the “wavering” state, 48.2% move to the “strong intention” state, and only the remaining 4.4% still stay in the
“weak intention” state. However, starting from the second year, there is a relatively high persistence in the “weak intention” state. The
probability of staying in the weak intention state fluctuates between 67.1% and 93.8% during their second to fifth year. Except for
staying in this state during the second to fifth year, the majority of the remaining subjects move to the “wavering” state (6.2%, 7.0%,
15.3%, and 11.6%), and very few subjects choose to move to the “strong intention” state (0%, 0.3%, and 5.8%), except in the last year
(21.3%). During the last year, among those in the “weak intention” state in the fourth year, the proportion of subjects who choose to

Table 3
Information criterion and estimates of the conditional response probabilities.

Panel A: AIC and BIC for determining the optimal number of latent states

Number of latent states AIC BIC

1 2,656,848 2,656,859
2 867,342 867,483

3 859,489 859,868

4 859,546 860,270

Panel B: Estimates of the conditional response probabilities
Response variable

Latent states Do not intend to be a doctor Intend to be a doctor
Weak intention 0.976 0.024
Wavering 0.315 0.685
Strong intention 0.023 0.977
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Table 4

Estimates of initial probabilities and transition matrices.
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Panel A: Initial Probability

Year 0 Initial probability
Weak intention 0.420
Wavering 0.119
Strong intention 0.461

Panel B: Transition Matrix

Year 1
Year 0 Weak intention Wavering Strong intention
Weak intention 0.044 0.474 0.482
Wavering 0.000 0.165 0.835
Strong intention 0.000 0.000 1.000
Year 2
Year 1 Weak intention Wavering Strong intention
Weak intention 0.938 0.062 0.000
Wavering 0.071 0.918 0.011
Strong intention 0.003 0.037 0.960
Year 3
Year 2 Weak intention Wavering Strong intention
Weak intention 0.927 0.070 0.003
Wavering 0.056 0.935 0.009
Strong intention 0.000 0.055 0.945
Year 4
Year 3 Weak intention Wavering Strong intention
Weak intention 0.789 0.153 0.058
Wavering 0.096 0.877 0.027
Strong intention 0.001 0.025 0.974
Year 5
Year 4 Weak intention Wavering Strong intention
Weak intention 0.671 0.116 0.213
Wavering 0.072 0.811 0.117
Strong intention 0.001 0.017 0.982

move to the “strong intention” state is 21.3%, which is nearly twice as many as those (11.6%) who move to the “wavering” state.

Transition patterns among subjects who are in the “wavering” state are similar to those in the “weak intention” state. The majority
of subjects (83.5%) move to the “strong intention” state during the first year while a small proportion (16.5%) choose to stay in their
initial state, and almost none of subjects (0%) choose to transfer to the “weak intention” state. In the subsequent years, the wavering
group also maintain a relatively high level of stability, the transition probabilities of remaining in this state range from 81.1% to 93.5%
during their second to fifth years. Apart from staying in this state during the second to fifth year, the majority of the remaining subjects
move to the “weak intention” state (7.1%, 5.6%, 9.6%, and 7.2%). Those who select to move to the “strong intention” could be
considered negligible (1.1%, 0.9%, and 2.7%), except in the last year (11.7%). During the last year, the proportion of subjects (11.7%)
who choose to move to the “strong intention” state slightly exceeds those (7.2%) who moved to the “weak intention” state.

5. Discussion

This study explored the trajectory of the career intention of medical students and discovered a curve with a peak during the second
year. Our findings implicate that medical educators should pay particular attention to career intention and its dynamics among
medical students. Taking longitudinal perspective to study the intention is a growing consensus and one of the key objectives in fu-
ture’s medical education research [22]. However, there is little knowledge about the dynamics in the intention to practice medicine. A
closely related study investigated the later trend in the intention to practice primary care among medical students from their third (end
of pre-clinical curriculum) to their sixth (before graduation) academic year and found that the proportion of students intending to
practice primary care increased over time, from 13% in the third year to 24% in the sixth year [7].

We also found that only 54.5% of medical students have the career intention of being a doctor when they applied for medical
schools, consistent with the findings in Ref. [23]. The lower pre-admission intention to pursue a medical career may be related to the
medical education system in China. The selection of medical students begins when they apply for medical schools right after high
school graduation in China, and there are no medical-related courses or counseling provided in high school. Therefore, the intention to
pursue a medical career among Chinese high school students may not stem from their intrinsic motivation but rather from the
encouragement or persuasion from their parents and teachers, resulting in a lower intention before admission to medical school. In
contrast, the medical education system in the U.S. requires students’ completion of a four-year undergraduate degree, completion of
pre-medical coursework, and passing of the Medical College Admission Test before applying for medical school [24]. Medical school
admission in the U.S. is highly competitive and selective. According to USnews, in 2010, 121 medical schools in the U.S. received 521,
876 applications, of which only 46,447 of the most outstanding applicants were admitted, resulting in an average admission rate of
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only 8.9%. Therefore, the medical education system in the U.S. could select applicants with higher intentions to pursue a medical
career at the very beginning.

According to our estimation, the intention to practice medicine at the graduation of the fifth year is 87.6%, indicating an attrition
rate of approximately 12.4% in a career intention sense. This probability of intention to practice medicine at graduation provides a
reference for medical student attrition in China. While there is no consensus on the specific attrition rates of medical students in China,
itis an indisputable fact that the attrition rate of medical students in China is high. As mentioned in the introduction, a report published
by China Health Development Research Center at Peking University states that China’s medical graduate attrition rate was 20.7%
between 2005 and 2018 [4]. Related studies have also reported high attrition rates among Chinese medical students [25,26]. Although
some Chinese medical education experts have pointed out that existing studies on medical students attrition have controversial
conclusions and tend to overestimate the attrition rate in China [27].

Additionally, the relatively low heterogeneity in career intentions among medical schools may be attributed to the characteristic
nature of medical education, where the need for standardized quality in cultivating medical talents prevails. The fundamental
objective of medical education is to furnish society with high-quality healthcare professionals across various levels of healthcare fa-
cilities, ensuring that patients at different levels of healthcare facilities can benefit from the expertise of outstanding doctors, offering
accurate diagnoses and precise treatments to meet their diverse healthcare needs. Consequently, all medical schools in China are
mandated to adhere to the “Standards for Undergraduate Medical Education in China (Clinical Medicine)” to ensure homogeneity in
talent cultivation. This encompasses standardized academic management, uniform teaching content and standards, consistent
teaching processes, and uniform faculty development. These measures collectively aim to achieve homogeneity in developing pro-
fessional skills and professionalism among medical schools [28].

We identified three latent states of intention to practice medicine among medical students by LMM. Besides the two opposing latent
states, strong and weak intention states, there is a wavering state with moderate probability of intention to practice to medicine.
According to the transition matrix further estimated by the LMM, two distinct transition patterns were observed between individuals in
the “strong intention” state and those in the other two states. Individuals in the “strong intention” state demonstrated a high degree of
stability, remaining steadfast in their commitment. Even those who entered the “strong intention” state at a later stage also demon-
strated the same high degree of stability. In contrast, individuals in the other two states showed a high likelihood of transitioning to a
different state in the first year, and although they demonstrated a moderate towards high stability in subsequent years, some still
transitioned to other states, particularly in the final year. These different transition patterns may be related to the career decision-
making process among different students. Specifically, students who are strongly committed to a career tend to make decisions
based on their long-term goals and preferences, while students who are more undecided or hesitant demonstrate a variety of behaviors,
including active (such as exploring options) and passive ones (such as letting things unfold naturally or waiting for opportunities to
emerge) [29]. Therefore, the former group is more likely to stick to their initial career plans, while the latter is more inclined to change
their career paths and explore different options.

In addition, the changes in the trajectory of intention to practice medicine are mainly driven by the students in the “weak intention”
and “wavering” states rather than those in the “strong intention” state, as the latter state maintains an extremely high stability rate
once students enter this state. Specifically, the initial increase in the trajectory of intention to practice medicine during medical ed-
ucation state follows the pattern that a large number of students from the “weak intention” and “wavering” states move to the
“wavering” and “strong intention” states. Similarly, the gradual decline with minor fluctuations in the trajectory in the later stages of
undergraduate education can be attributed mainly to the difficult-to-reverse negative attitude of students in the “weak intention” state
and the neutral or negative attitude towards practicing medicine of students in the “wavering” state.

Finally, it is important to note that the state dependence observed in the “weak intention” and “wavering” states starting from the
second year of medical education highlights the essentials of early intervention in addressing medical student attrition issue. Although
a considerable number of individuals in the “weak intention” and “wavering” states transitioned to the “strong intention” state in the
first year, there were still a significant percentage of individuals remained in these two states by the end of the first year. Specifically,
51.8% (1-0.482) of students in the “weak intention” state and 16.5% (1-0.835) of the “wavering” state choose to stay in the “weak
intention” or “wavering” states at the end of the first year. Therefore, it is necessary to intervene with first-year medical students to
enhance their transition from the “weak intention” and “wavering” states to the “strong intention” state due to their malleability of the
intention. Ye et al. also support our findings in their research on the intention to practice medicine among Chinese medical students as
well. Their research found that nudge information interventions have a stronger effect on students in their early college years, reducing
the dropout rate of low-grade medical students by an additional 0.8% [30].

In this sense, collecting the information about the intention to practice medicine from medical students at the time of admission is
crucial for the intervention in the first year of medical education. Currently, the CMSS is conducted at the end of each academic year,
by which time first-year students have already completed their first year of the study. Future research could add survey for new
incoming students to obtain their intention to practice medicine before the academic year begins. This would provide medical school
educators with sufficient time and information to intervene with those students that respond with no intention to practice, who are
most likely in the “weak intention” and “wavering” states.

This study has some limitations. First, the information about medical students’ career intention at application stage was retro-
spective, which means that respondents had to recall their intention at application when they answered the survey, introducing the
possibility of measurement bias at application. However, we found that this recall appeared to be stable across different waves, so we
believe using retrospective data is not a big concern. Specifically, for individuals who recalled their career intention at application
stage multiple times across two or more waves, we examined the stability of their responses over time. For instance, we first selected
individuals who recalled the career intention information in both 2020 and 2021 waves, and then calculated the proportion of
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individuals with the same intention at application across both waves. Following the same method, we calculated the proportions across
the 2020 and 2022 waves, as well as across the 2021 and 2022 waves. We found that the proportions ranged from 97.88% to 99.87%,
meaning that most students’ cross time recall were consistent. For individuals who answered the career intention at application twice
or more, we used their earliest reported intention as the measurement for the intention at application. In summary, we believe that
with the stable reported career intention at application, the measurement at application effectively reflects each individual’s career
intention before enrollment and provides a reasonable baseline for the subsequent development of career intention.

Second, this paper does not further explore the mechanisms of the dynamic trajectory of medical students’ career intentions,
neither discussing time-invariant nor time-varying variables. Regarding the association between time-invariant variables and career
intentions, a large body of literature focuses on sociodemographic characteristics [3,31-34], but the existing studies have not found
any specific pattern of sociodemographic variables that is particularly important in relation to career intention or dropout. We only add
these time-invariant variables as covariates in the regression. On the other hand, we are unable to discuss the relationship between
time-varying variables and career intentions due to data limitations, and what factors dynamically contribute to this uncovered tra-
jectory remains unclear. Mechanism exploration is beyond the scope of this study. Future research may focus more on the impact of
time-varying variables on the changes in career intentions.

Finally, this study did not take into account the impact of COVID-19 on medical career intentions. It should be noted that the data
we used spanned from 2020 to 2022, which coincided with the COVID-19 pandemic in China, a period marked by the outbreak and
subsequent mitigation of the pandemic. The influence of the pandemic on the career intentions of medical students cannot be ignored.
For example, there was a noticeable increase in the number of Chinese medical undergraduates expressing a desire to pursue clinical
medicine and public health careers following the pandemic [35]. However, it’s also worth noting that a minority of healthcare pro-
fessionals and medical students in China expressed regret regarding their career choices during the COVID-19 outbreak [36]. Thus, the
impact of the pandemic might vary among individuals. In our data analysis, different cohorts provided career intentions for different
academic years. If the pandemic, on average, had uniformly affected the career intentions of each cohort, the overall trend in the career
intentions trajectory we analyzed would likely remain consistent, with only vertical shifts. Nevertheless, it’s important to consider that
future research can utilize data from normal years to analyze the career intention trajectories under normal circumstances.

6. Conclusion

This study offers a comprehensive understanding of the dynamics of career intentions among medical students in China. First, we
found that the trajectory of intention to practice medicine among medical students exhibits a peak during the second year. Second, the
optimal number of latent states for the intention was identified to be three, which can be defined as “strong intention”, “wavering”, and
“weak intention”. Finally, there are different transition patterns between individuals in the strong intention state and those in the other
two states. Individuals who are in the “strong intention” state at any time from enrollment to graduation maintain extremely high
stability of the intention, while individuals in the other two states showed a high likelihood of transitioning to a different state in the
first year, and then demonstrated a moderate to high stability in subsequent years. These findings suggest that the changes in intention
to practice medicine are primarily driven by the students in “weak intention” and “wavering” states rather than those in “strong
intention” state. More importantly, medical educators and institutions should pay attention to and intervene with students who do not
have a strong intention to practice medicine as early as their first year of medical school.
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Appendix

Robustness check by using multilevel Logit model to examine the trajectory of intention to practice in medicine.
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We employed a multilevel Logit model for robustness check as the response variable was a binary variable, and the results are

shown in Table Al. Consistent with the main findings, the intention to practice medicine demonstrated similar curves.

Table A1
Results of the Main Regression Using Logit

Fixed effect Intention to practice medicine

1) 2) 3
Year 0.530*** (0.002) 1.695*** (0.007) 3.469%** (0.017)
Year square —0.269*** (0.001) —1.360*** (0.009)
Year cubic 0.151*** (0.001)

Random effect
School-Level

Random intercept 0.102 0.053 0.119
Student-Level

Random intercept 1.355 1.625 1.710
Deviance 892,760 857,654 841,789
AIC 892,786 857,682 841,819
BIC 892,938 857,845 841,994
Number of schools 143 143 143
Number of students 367,397 367,397 367,397
student-year observation 855,971 855,971 855,971

Note: The values in the parentheses represent the standard errors of the fixed effect estimates. ***p < 0.001, **p < 0.01, and * p <
0.05. The demographic characteristics of the students were included in all regressions. To enable the model to identify the parameters
effectively, we only included random intercept in the random effects part.

Common trajectory among different cohorts

We utilized data from seven distinct cohorts and each cohort provides data on intention to practice medicine at different time points
during their undergraduate stage. Therefore, it is necessary to test whether there is a common trajectory of the intention developing
among different cohorts. We followed the method of Miyazaki & Raudenbush (2000). Specifically, we plotted the mean and 99.5%
confidence interval of the intention to practice medicine for different cohorts at each time point. If the confidence intervals overlap at
each time point, it indicates no significant difference in the intention to practice medicine among cohorts. As shown in Figure Al, the
intention to practice medicine generally shows no significant difference among different cohorts across each time point. Therefore, we
have reason to believe in the validity of the common trajectory for all cohorts.

— Cohort 7

auRIpaW Ul Jealed e Buinsind Jo pooyey]

0 i 2 3 4 5
Year
Fig. Al. Test for common trajectory among different cohorts..
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