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Abstract

Background

Group-based trajectory modeling is a useful tool for categorizing students’ academic trajec-
tories and their determinants. Using insights gained from the analyses, we can identify stu-
dents at risk for poor academic performance and monitor them to provide support. To date,
studies investigating the associations between demographic factors and academic perfor-
mance trajectories among medical students are scarce. The study objective was to examine
the associations between demographic factors and academic performance trajectories in
medical students using group-based trajectory modeling.

Methods

Participants included all medical students admitted to Tokyo Medical and Dental University
in Japan in 2013 and 2014 (n = 202). Academic performance was evaluated by biannual
grade point average (GPA) scores in preclinical years. We used group-based trajectory
modeling to categorize students into GPA trajectories. Multinomial logistic regression was
used to examine the association between the odds of being in a certain GPA trajectory
group and demographic factors such as high school type, high school geographical area,
admission test type, high school graduation year, whether the student was a biology major,
and sex.

Results

Students’ GPA trajectories were classified into four trajectory groups as well as another
group that consisted of students who withdrew or repeated years. We found that students
whose high school geographical area was outside the National Capital Region were 7.2
times more likely to withdraw or repeat years in comparison with students whose school was
inside the National Capital Region (OR: 7.21, 95% CI: 1.87, 27.76). In addition, admission
test type, high school graduation year, and sex were associated with GPA trajectories.
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Conclusions

High school geographical area, admission test type, high school graduation year, and sex
were associated with GPA trajectories. These findings provide important insights into identi-
fying students at risk for poor academic performance and strategies for monitoring them to
provide adequate and timely support.

Introduction

With advancements in medicine, the study load for medical students has been increasing. In
Japan, the decline in academic performance and increase of the number of medical students
who repeat years and withdraw from medical school have been important issues [1, 2]. To
maintain the quality of healthcare provided by the students post-graduation, ensuring their
success by monitoring their academic performance and providing them with timely support
(e.g., academic, social and psychological support) is important.

A prior systematic review reported several factors that could affect medical students’ aca-
demic success, including previous academic performance, and cognitive ability [3]. Studies
have also reported associations between demographic factors, such as gender and age, and stu-
dents’ academic performance and/or dropout rate [4-10]. Furthermore, contextual factors
such as type of school (e.g., state-funded schools vs. independent schools) [11] and hometown
(rural or remote vs. metropolitan areas) [4, 12] have been linked to student academic perfor-
mance. Studies investigating determinants of students’ academic performance are important
since they allow us to identify students at risk for poor academic performance and monitor
them in order to provide adequate support in a timely manner.

Medical students in Japan usually attend lectures in a classroom in the first four years. In
the first year in our university, medical students learn various subjects including mathematics,
physics, chemistry, liberal arts, and foreign languages. From the second year, medical students
are required to attend lectures for medical subjects.

In this study, we formulated our conceptual framework from the literature on student
adjustment to university [13-16]. According to the theory, students need to cope with the
changes to their life, such as the increasing study load, by making adjustments in multiple
domains including academic, social, and personal-emotional domains, as well as attachment
to the institution that they attend [13-16]. Prior research suggests that intellectual ability as
well as background demographic factors can affect their adjustment [17]. Thus, students may
follow different academic trajectories depending on their characteristics.

Group-based trajectory modeling [18, 19] allows researchers to categorize each individual
into a different group with a different outcome trajectory, and to clarify factors that determine
the probability of an individual following one of these trajectories [20, 21]. Pioneering research
by Griffin et al. used a similar trajectory analysis to assess whether students’ selection test
scores could predict their academic performance trajectories [22].

However, studies applying group-based trajectory modeling to examine the associations
between demographic factors and academic performance trajectories are lacking. These
insights are important since they would enable us to identify students at risk for poor academic
performance and monitor their academic trajectories to provide adequate and timely support.
Earlier identification of these students is also crucial as prior studies have reported that stu-
dents with poor academic performance tend not to seek advice and/or support [10, 23]. These
studies used data from routine assessment of students at earlier stages rather than data
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obtained by additional research tools to predict their later performance [10, 24]. Prediction of
students’ later academic performance using data, such as that collected for the admission pro-
cess, is useful because these approaches could also be applied in resource-poor settings. Fur-
thermore, data collected for the admission process, such as demographic factors (age, sex) as
well as school factors, often include important information that has been linked to students’
academic performance [3-12]. Thus, we hypothesized that demographic factors can be used to
predict trajectories of students” academic performance. The objective of this study was to
investigate the associations between demographic factors and the academic performance tra-
jectories of medical students in Japan.

Method
Sample

Participants consisted of 202 medical students who were admitted to Tokyo Medical and Den-
tal University (TMDU), Tokyo, Japan in 2013 and 2014. Since 2011, the current curriculum
has been implemented and students in 2013 and 2014 basically took the same courses.
Twenty-one medical students withdrew from the university or repeated school years. Follow-
ing approval from the ethics committee at TMDU, students were informed of their right to
refuse to allow researchers to conduct a secondary analysis of their data, using an online bulle-
tin board for students, and the school website. De-identified data were provided to researchers
by the Curricular Institutional Research Division of the Institute of Education at TMDU after
removing students who wanted to opt-out. This study was approved by the ethics committee
at TMDU (M2018-279). There were no missing values in the variables used in this study.

Measures

Independent variables. Demographic factors. Demographic factors included the type of
high school (public, private, or national), geographical area of high school (‘inside the National
Capital Region’, defined as being located in Tokyo, Ibaraki, Tochigi, Gunma, Saitama, Chiba,
Kanagawa, or Yamanashi prefecture vs. ‘outside of the National Capital Region’), type of
admission test (first exam, second exam, or admission via specific prefectural quotas [i.e., Stu-
dents who enter by these quotas are selected by different criteria and are encouraged to work
for the prefecture after graduation]), high school graduation year (recent graduates [i.e., high
school graduation year is the same as the year of admission to university] or past graduates
[i.e., high school graduation year is at least one year before the year of admission to univer-
sity]), biology major (yes or no), and sex. In Japan, to apply for medical school, the majority of
students take the standardized national test and additional exams for each university [25]. Stu-
dents can take the national center exam once each year. In contrast, students generally can
take the university’s specific exams twice each year [26]. As students have two chances to apply
for university each year, some students apply to the same university twice to increase their
chance of being admitted, while others apply to a different university each time [27]. As the
second exam is more competitive, some students apply to a university that is ranked below the
university to which they first applied [27]. Universities evaluate students for their eligibility
based on the score of these two tests.

Past academic performance. Past academic performance was assessed using high school
GPA scores that were reported from their high schools during the admission application
process.

Dependent variables. Academic performance.: Academic performance was evaluated by a
biannual GPA for each semester. We used biannual GPA instead of cumulative GPA, because
biannual GPA is more sensitive to subtle changes in the students’ academic performance,
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which is more useful for detecting students who may need support. In Japan, medical students
study for six years in university: the first year is the premedical phase, the second to fourth is
the preclinical phase, and the fifth to sixth is the clinical clerkship phase. Grade points for clas-
ses ranged from 0.0 to 4.0. By averaging grade points for courses in each semester, GPA was
calculated, which also ranged from 0.0 to 4.0. If a grade point score for a required course was
less than 2.0, students needed to repeat a year and receive a grade point greater than or equal
to 2.0 to pass. In this study, we focused on GPA in the preclinical phase (second to fourth
years: six scores) since no GPA were provided in the fifth year and the GPA data for the sixth
year was not available at the time of the study (both were in the clinical phase). In addition, in
the premedical phase (from the first to the second semester), the class composition was differ-
ent (the medical and dental students took the same classes, and grade points for classes were
provided, taking the composition of the class into account).

Statistical analyses

To categorize students into different groups with different GPA trajectories, group-based tra-
jectory modeling was used [18-21, 28]. First, we estimated the number of trajectory groups
and the shape of the trajectory by maximizing the Bayesian information criterion (BIC) [28].
We increased the number of trajectory groups from two to six. All the trajectories had a qua-
dratic shape, and the number of trajectory groups was chosen to maximize the BIC. After
determining the number of trajectories, we assessed whether changing the shape of each trajec-
tory to a linear one increased BIC. Then, covariates were added, to establish whether their
addition increased BIC. The GPAs of the 181 students who did not withdraw or repeat years
were analysed by group-based trajectory modelling. The 21 students who withdrew or repeated
years were categorized into Group 4 (Withdrew or repeated). After determining the number
of groups and shape of the trajectory, multinomial logistic regression was used to examine the
association between the odds of being assigned to certain categories and demographic factors.

During the eighth semester, all students were assigned to one of the laboratories in our uni-
versity or other universities to conduct research work and a grade was provided at each labora-
tory. Thus, the grading was not standardized. For sensitivity analysis, we also conducted
trajectory analyses using GPA from the third semester to the seventh semester instead of from
the third semester to the eighth semester. All statistical analyses were conducted using Stata SE
statistical package, version 14 (StataCorp LP, College Station, TX, USA), and the stata “traj”
plugin for group-based trajectory modeling [20].

Results

Table 1 shows the characteristics of the sample population. Among 202 students, 18% gradu-
ated from public high schools, and about 20% graduated from high schools that were located
outside of the National Capital Region. About 81% took the first exam as an admission test.
The percentage of the recent graduates was 65.4%. About 19% majored biology in their high
school. 71.8% were male.

Fig 1 shows the GPA trajectories of medical students from the third semester to the eighth
semester (from second year to fourth year, the preclinical phase). We estimated the number of
trajectory groups and the shape of the trajectory by maximizing the Bayesian information cri-
terion (BIC) [28]. Based on the largest BIC, we chose four as the number of trajectories. Then,
the shape of the trajectories (quadratic, except for Group 0, which was linear) and inclusion of
high school GPA as a covariate in the model were determined, based on which resulted in the
largest BIC.
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Table 1. Characteristics of the sample population.

Variable Medical students
(n=202)
Mean (SD) or N (%)
Type of high school
Public 37 (18.3)
Private 144 (71.3)
National 21(10.4)

Geographical area of high school

Inside the National Capital Region (Tokyo, Ibaraki, Tochigi, Gunma, Saitama, Chiba, 162 (80.2)
Kanagawa, or Yamanashi)

Outside the region 40 (19.8)
Type of admission test

First exam 164 (81.2)

Second exam 30 (14.9)

Quota for certain prefectures 8 (4.0)

High school graduation year

Recent graduates (The same year) 132 (65.4)
Past graduates (> one year(s) ago) 70 (34.7)
Biology major
Yes 39 (19.3)
No 163 (80.7)
Sex
Male 145 (71.8)
Female 57 (28.2)
High school GPA 4.6 (0.4)
Semester GPA
Lst 3.3(0.3)
2nd 3.3(0.3)
3rd 2.9 (0.4)
4th 3.1(0.3)
5th 3.2(0.4)
6th 3.2(0.3)
7th 3.3(0.4)
8th 3.6 (0.2)

https://doi.org/10.1371/journal.pone.0233371.t001

After categorizing students into different groups with different GPA trajectories using
group-based trajectory modeling, multinomial logistic regression was used to examine the
association between the odds of being assigned to a certain GPA group and demographic
factors.

In Table 2 and S1 Table, the odds of being a member of a certain GPA trajectory group rela-
tive to the highest scoring reference GPA group are shown in relation to demographic factors,
with and without adjustment for high school GPA. In analyses without adjustment for high
school GPA (S1 Table), although there was no significant association between being a member
of a certain group and the type of high school, when the geographical area of the high school
was outside the National Capital Region, students were 5.08 times more likely to withdrew or
repeat years in comparison with students whose high school was inside the National Capital
Region (OR: 5.08, 95% CI: 1.41, 18.24). When the geographical area was outside the National
Capital Region, students were more likely to be among a group of students whose GPA was
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Fig 1. The GPA trajectories of medical students that were modeled using GPA data from 3" semester to 8'" semester.

https://doi.org/10.1371/journal.pone.0233371.g001

Table 2. The odds ratios of being a member of certain group of GPA trajectory relative to a reference group by demographic factors in medical students (N = 202)
with adjustments for high school GPA (ref: The highest GPA trajectory group N = 39 (19.3%)). (The GPA trajectories of medical students were modeled using GPA

data from 3rd semester to 8th semester).

Variable

Group 1: The second

Group 2: Steadily

Group 3: Flat to slowly rising

Group 4: Withdrew or

highest rising from low repeated
(N =67 (33.2%)) (N =42 (20.8%)) (N =33 (16.3%)) (N =21 (10.4%))
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Type of high school (ref: Public)

Private

1.32 (0.48, 3.64)

1.89 (0.56, 6.44)

2.35(0.61, 9.07)

1.20 (0.28, 5.07)

National

0.24 (0.04, 1.39)

0.70 (0.11, 4.36)

0.63 (0.09, 4.27)

1.12 (0.17, 7.31)

Geographical area of high school (ref: Inside the
National Capital Region)

Outside the region

1.49 (0.47, 4.70)

1.05 (0.27, 4.06)

4.15 (1.17, 14.73)

7.21 (1.87, 27.76)

Type of admission test (ref: First exam)

Second exam

0.31 (0.11, 0.91)

0.42 (0.12, 1.42)

0.69 (0.20, 2.34)

0.15 (0.02, 1.28)

Quota for Certain prefectures

0.23 (0.02, 2.71)

2.00 (0.32, 12.46)

0.72 (0.06, 8.99)

NA®

High school graduation year (ref: Recent graduates)

Past graduates

1.92 (0.68, 5.41)

4.48 (1.49, 13.47)

5.28 (1.65, 16.93)

2.11 (0.56, 7.93)

Biology major (ref: No)

Yes

0.59 (0.22, 1.59)

0.72 (0.24, 2.22)

0.64 (0.18, 2.24)

1.51 (0.43, 5.29)

Sex (ref: Female)

Male

1.28 (0.55, 3.01)

2.30 (0.83, 6.38)

3.15 (1.00, 9.90)

4.90 (1.15, 20.86)

Adjusted for year of admission and high school GPA.

Bolded values indicate statistical significance at p<0.05.

*NA: not available because of the small sample size.

https://doi.org/10.1371/journal.pone.0233371.t1002
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flat to slowly rising from low, although not reaching statistical significance (OR: 2.96, 95% CI:
0.89, 9.80). A similar result was observed in analyses with adjustment for high school GPA
(Table 2). The association between the geographical area of the high school being outside the
National Capital Region and being in a group of students who withdrew or repeated years
(OR:7.21, 95% CI: 1.87, 27.76), or whose GPA was flat to slowly rising from low (OR: 4.15,
95% CI: 1.17, 14.73) was significant after adjustment for high school GPA.

Entering the university by second exam was negatively associated with being in a group of
students who withdrew or repeated years, or had lower trajectories than the reference highest
GPA trajectory in the analyses with and without high school GPA adjustment (Table 2 and S1
Table). After adjustment for high school GPA, the association between entering the university
by second exam and being in a group of students who had the second highest GPA trajectory
was significant (OR: 0.31, 95% CI: 0.11, 0.91). There was a negative association between enter-
ing the university by second exam and being in a group of students who withdrew or repeated
(OR: 0.15,95% CI: 0.02, 1.28).

In analyses with and without adjustment for high school GPA, there was a positive associa-
tion between being a past graduate and being in a group of students who withdrew or repeated
years, or had lower trajectories compared to the reference highest GPA trajectory (Table 2 and
S1 Table). The associations between being a past graduate and being in a group of students
whose GPA was steadily rising (Group 2), and flat to slowly rising from low (Group 3) were
significant in analyses with and without adjustment for high school GPA (With adjustment for
high school GPA, for Group 2, OR: 4.48, 95% CI: 1.49, 13.47; for Group 3, OR: 5.28, 95% CI:
1.65, 16.93). There was no significant association between taking biology and students’ aca-
demic trajectory in the analyses both with and without adjustment for high school GPA.

Males were positively associated with being in a group of students who withdrew or
repeated years or had lower trajectories compared to the reference highest GPA trajectory in
analyses both with and without adjustment for high school GPA (Table 2 and S1 Table). In the
analysis with adjustment for high school GPA, males were significantly associated with being
in a group of students who withdrew or repeated years (OR: 4.90, 95% CI: 1.15, 20.86).

Finally, a one point decline in high school GPA was positively associated with the odds of
being in a group of students who withdrew or repeated years, or who had lower trajectories
than the reference highest GPA trajectory (S1 Table).

We also conducted sensitivity analysis by excluding the GPA for the eighth semester since
during the eighth semester all students conducted research at different research laboratories
and a grade was provided by each laboratory, meaning the grading was not standardized. The
analysis showed similar results as shown in S1 Fig, S2 and S3 Tables.

Discussion

In this study, we assessed how students’ academic performance trajectories were affected by
demographic factors. We found that high school geographical area, type of admission test,
high school graduation year, and sex were significantly associated with academic performance.
In addition, high school GPA was significantly associated with students’ academic perfor-
mance, which is consistent with prior studies [3, 29]. Medical students may experience differ-
ent adjustment processes and follow different trajectories depending on demographic factors
[13-17, 22]. Thus, our findings provide useful information for identifying students at risk for
poor academic performance and monitoring them to provide support in a timely manner.
High school geographical area being outside of the National Capital Region was a risk factor
for a lower GPA trajectory, withdrawing, or repeating school years. Since our university is in
Tokyo, which is inside the National Capital Region, students whose high school was outside
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the National Capital Region (thus, their home may also have been outside the National Capital
Region) may have needed to move to a location closer to university and started to live by them-
selves. Thus, one possible mechanism explaining the association may be isolation. However,
previous studies in Saudi Arabia reported that students’ academic performance was not
affected by whether students live with their family [30, 31]. Another possibility may be the
socioeconomic disadvantage that is associated with living outside the National Capital Region.
Previous studies in Australia found an association between the socioeconomic disadvantage
associated with living in non-metropolitan/rural area and poor student academic performance
[32, 33]. However, it should be noted that these studies were conducted with different sample
populations. More studies examining the association between high school geographical area
and students’ academic performance, taking into account differences in students’ mental
health, diet, sleep patterns, and socioeconomic status are warranted.

Students who entered university by second exam were more likely to be in the highest GPA
group. In addition, students who entered the university by second exam were less likely to be
in a group of students who withdrew or repeated. In the university entrance exam system in
Japan, students have two chances (i.e., the first exam and the second exam) to apply for univer-
sity [26]. Some students apply to a university that is ranked below the university they wanted
to attend for their second chance, because at the time of the second exam, places are limited
and admission is more competitive. Thus, a possible difference in population characteristics
due to the type of admission test taken may explain this finding.

In our analyses, there was a positive association between being a past graduate and being in
a group of students who withdrew, repeated years, or had lower trajectories. In Japan, if stu-
dents are not accepted by universities, they often go to a private ‘cram’ school to study for
another year and retake the university entrance exams the following year. These students are
called “Ronin” [34, 35]. Previous research found that “Ronin” students were sleep deprived, rel-
atively depressed, and had various somatic complaints during the period before they retake the
tests and successfully pass the exam [35, 36]. To examine the possible mechanisms of the asso-
ciation between high school graduation year and the students’ academic performance, studies
assessing mental health and sleep problems among medical students who were admitted after
being a “Ronin” student are needed in order to gain insights for appropriate support.

Finally, we found that with adjustment for high school GPA, males were significantly asso-
ciated with being in a group of students who withdrew or repeated years. This is consistent
with previous studies [3, 31]. One proposed reason explaining the higher performance of
female students was motivation [3], and according to the theory on student adjustment, moti-
vation was also crucial aspect of academic adjustment [13, 16]. Future studies assessing the
association between student academic adjustment and the female students’ academic perfor-
mance are warranted.

Our study has several limitations. First, our sample was derived from a single institution
that has a competitive admission process and is located in Tokyo.

Thus, this may limit the generalizability of the findings. Second, our sample consists of two
cohorts who were admitted to our university in 2013 and 2014. Although students basically
took the same courses based on the same curriculum, and we included year of admission as a
covariate in our model to take into account the possible difference between these two cohorts,
there could be some residual confounding. Third, in our dataset we did not include academic
performance in the final clinical years or reasons for the students’ withdrawal, both of which
should be examined in future research.

Our study has several practical implications. Regarding educational implications, in Japan,
an important issue in medical education has been decline in academic performance, and
increase of the number of medical students who repeat years and withdraw from medical
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school [1, 2]. Given finite educational resources, if we could identify students who may follow
a poor academic performance trajectory, we could monitor their academic performance care-
fully and provide timely and necessary support, using available resources. Moreover, the risk
factors that we examined in this study are general demographic factors that medical schools
typically collect during the admission process. Thus, without using special research tools [10],
teachers could use these variables in the early years of medical schools to identify students who
may need support later, and prepare necessary and timely support.

Regarding research implications, previous studies have reported that demographic factors
(age, sex) as well as school factors have been linked to students’ academic performance [3-12].
Our study adds to the literature by clarifying the associations between these factors and students’
academic performance trajectories instead of discrete academic performance measured at some
time points. Future studies by multiple institutions are warranted to confirm our findings.

Finally, studies investigating mechanisms of the association between these factors and the
students’ academic performance are crucial. Possible mechanisms include isolation, students’
mental health, diet, sleep patterns, and socioeconomic status for high school geographical area,
and mental health and sleep problems for high school graduation year. Clarifying the mecha-
nisms would provide useful information for preparing and designing effective support to med-
ical students who need it.

Conclusions

In conclusion, using group-based trajectory modeling, we found that high school geographical
area, type of admission test, high school graduation year, and sex were associated with GPA
trajectories. These findings will provide important insights to identify and monitor students at
risk for poor academic performance to provide adequate and timely support.
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