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Abstract
Background Incorporating scientific research into undergraduate medical education is necessary for the quality 
of future health care. However, providing rigorous research training to a large number of medical students at one 
institution remains one of the major challenges. The authors studied the impact of a curriculum-based Research 
Training Program (RTP) for all undergraduate students at Zhejiang University School of Medicine (ZUSM) on research 
productivity and future research interests.

Methods Medical students (n = 2,213) from ZUSM who completed the course of RTP between 2013 and 2020 were 
studied. The authors measured the academic performance, research publications, and research projects of students 
across years, and evaluated potential factors that contribute to student research productivity and increased interest in 
future research.

Results Across the years, there was an increase in the number of student publications, a greater proportion of 
students with publications, and a greater proportion of projects involving three or more students (P < .01 for all). 
The academic performance of the course was associated with increased publications (P = .014), whereas overall 
satisfaction of the course (OR 2.07, 95% CI [1.39, 3.10], P < .001), Skill Composite Score (SCS) (OR 1.70, 95% CI [1.16, 
2.50], P = .007), and male gender (OR 1.50, 95% CI [1.06, 2.12], P = .022) were associated with increased future research 
interests.

Conclusions The findings suggest that the curriculum-based RTP improved students’ research productivity, and 
that overall program satisfaction and self-assessed performance were associated with increased students’ intent to 
participate in future research.
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Introduction
Scholarly research training programs provide medical 
students with the opportunity to develop skills related 
to critically evaluating medical information, communi-
cating and disseminating research findings, and contrib-
uting to the new discovery and innovation of medical 
knowledge [1–3]. These research experiences can foster 
evidence-based medical practice and bench-to-bedside 
translational research driven by physician-scientists [4, 
5]. In order to support medical students in improving 
the research skills they will need in their future careers, 
a growing number of medical schools have incorporated 
research programs as core curriculum components in 
real research environments, either as mandatory, elec-
tive, or extracurricular activities [6–11].

Studies of research programs have employed various 
metrics to evaluate their effectiveness across different 
educational settings. Reviews of these initiatives indi-
cate that involvement in structured research significantly 
boosts students’ publication outputs and enhances their 
engagement in future research, with successful programs 
reporting higher academic productivity and a greater 
inclination towards research-oriented careers [1, 8, 9]. 
For instance, in the USA, programs at Duke University 
School of Medicine and Stanford University School of 
Medicine have long embedded rigorous scholarly activi-
ties into the curriculum, fostering advanced research 
skills and leadership qualities [6]. Similarly, Johns Hop-
kins has demonstrated increased research productivity 
through scholarly projects, as evidenced by publications 
and conference participation [12]. The University of 
Pittsburgh’s initiative has cultivated critical analytical 
skills, leading to robust academic outcomes [13]. In the 
UK, research programs have been identified as a pivotal 
component of medical education, significantly enhancing 
student research skills and providing robust platforms 
for developing research-intensive careers [14, 15]. Mean-
while, in Sweden, a mandatory research course has posi-
tively influenced students’ subsequent academic careers, 
encouraging many towards PhD studies and demonstrat-
ing the enduring impact of such programs [16].

However, despite the global adoption of research pro-
grams, students frequently encounter barriers such as 
insufficient time, inadequate support for basic research 
concepts from the curriculum, and a lack of acknowledg-
ment and mentorship. These issues are common across 
both developed and developing countries [8, 10, 15, 17]. 
In developing regions, in particular, these challenges 
are compounded by the large number of students with 
no prior research experience and relatively insufficient 
teaching resources [8, 10, 17, 18].

On the need for evidence-based medicine and the 
increased demand for physician-scientists, medical 
schools in China have designed research courses and 

programs to encourage students to engage in research 
training [19, 20]. Currently, there were three types of 
educational programs in China’s medical education sys-
tem according to the duration of studies, 5-year programs 
(Bachelor), ‘5 + 3’ integrated programs (Master), and 
8-year Medical Doctor (MD) programs. Among them, 
the first two programs account for more than 98% matric-
ulates each year, while only about 2% students come from 
the MD programs. Nevertheless, unlike 8-year programs 
that typically have intensive training programs, such as 
more advanced biomedical courses, systematic train-
ing in academic skills, and early assignment of research 
mentors, 5-year or ‘5 + 3’ integrated programs occasion-
ally have immersive research training due to a large num-
ber of students [19, 21]. The 2019 China Medical Student 
Survey (CMSS), which collected data from 33 medical 
schools in China, showed that more than half of students 
in 5-year programs had never participated in research 
activities, compared with only one in 10 students in 
8-year programs [20]. The latest survey, which collected 
113 medical schools in China in 2022, showed that the 
percentage is rising further (https://medu.bjmu.edu.cn), 
suggesting an urgent need for change.

As one of the leading medical schools in China, Zhe-
jiang University School of Medicine (ZUSM) provides 
medical education for 5-year, ‘5 + 3’, and 8-year programs. 
In 1998, ZUSM established a curriculum-based Research 
Training Program (RTP) specifically for 5-year and ‘5 + 3’ 
program students, laying the groundwork for subsequent 
research training in the 8-year program [22]. Central to 
the RTP is the Stepwise Medical Student Research Train-
ing (SMSRT) course, which has utilized flipped class-
room teaching since 2016. This course integrates basic 
medical experiments and independent research projects 
for 3rd-year students, emphasizing the development 
of critical research skills such as question formulation, 
data collection, rigorous analysis, and effective commu-
nication within a team setting. Following the mandatory 
SMSRT course, students can apply for a variety of elec-
tive longitudinal research programs that often lead to 
scholarly dissemination, such as peer-reviewed publica-
tions and presentations at regional or national meetings.

To date, ZUSM is one of the few medical institutions in 
China that offers intensive and rigorous research training 
for all medical undergraduates. Our curriculum-based 
research program combines the compulsory course 
and elective projects, which not only ensure formalized 
research experiences for a large number of students but 
also provide flexible in-depth research opportunities for 
students who are interested in research. The primary 
focus of this study is to explore the specific learning out-
comes related to students’ research productivity and their 
future research interests. These outcomes align with the 
core objectives of the RTP, which aims to enhance the 
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research capabilities and scholarly engagement of stu-
dents. While other potential impacts such as research 
collaborations and clinical applications are also impor-
tant, they fall beyond the main scope of this study. To 
guide our analysis, the research questions we aim to 
answer are: (1) How does participation in the RTP influ-
ence the research productivity of medical students? (2) 
What effect does participation in the RTP have on stu-
dents’ future research interests?

Methods
Research training program at ZUSM
RTP at ZUSM is a required component of the Bachelor 
of Medicine (BM) curriculum. It consists of a compul-
sory laboratory course (SMSRT) and an elective research 
project module (Fig. 1). As the core of the program, the 
SMSRT process occupies 128 curricular hours over a 
period of approximately 4 months for 3rd-year medi-
cal students. The first portion of this process was mainly 
designed using inquiry-based laboratory exercises each 
week to allow the students to practice for the upcom-
ing independent project [23]. Students worked in small 
groups of three to complete the experiment, and 10 
groups formed a class. After learning the foundations 
of medical research (principles of research design and 
methodology, basic statistics, research ethics, etc.) in 
the first week, students were required to complete four 
practical blocks (neurology and skeletal muscle, circula-
tion, respiration, and urology), with 2 to 3 inquiry-based 
and problem-driven experiments in each block, ranging 
from basic experiments to comprehensive experiments. 
This series of weekly laboratory experiments expose stu-
dents to the scientific research process, including method 
choosing, data collecting, statistical reasoning, and also 
professional skills, such as teamwork.

The latter half of the SMSRT process involved each 
class designing and implementing an independent novel 
research project under the direct supervision of a faculty 
mentor. As early as Week 2, students received lectures, 
discussion times, and readings about research skills. 
Each group in the class was asked to propose a research 
question and present a project proposal in Week 6. The 
research projects were typically hypothesis-driven, bud-
get limited (15,000 to 20,000 CNY per class), and may 
include a variety of disciplines such as basic science, 
translational, and public health research. The class then 
voted for the most feasible research project, and students 
were required to design their own step-by-step research 
protocol together. The following five weeks (weeks 
11–15) of class time are devoted entirely to the project, 
and students can also conduct data collection and analy-
sis outside the normal class time limits. In the last week 
of the course, each student completed a formal thesis 
and orally presented their findings in groups. During the 
process of the project, the research mentor provided oral 
and written feedback to students on each individual or 
group assignment (project proposal, progress report, the-
sis, and oral presentation). Students were encouraged to 
present at conferences or prepare manuscripts for peer-
reviewed journals, however, these were not mandatory 
requirements of the course.

After completing the course, RTP offers a variety of 
ways for students to further enrich their research experi-
ence: they may consider continuing their research proj-
ects with their course mentor or apply for the Student 
Research Training Program (SRTP) founded by Zhejiang 
University, or the provincial and national Undergradu-
ate Training Program for Innovation and Entrepreneur-
ship (UTPIE). These elective programs usually accept 
longitudinal projects that required ongoing participa-
tion by the student and include procedures such as 

Fig. 1 Flow chart of the RTP structure at ZUSM
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mid-term examination, final defense, and comprehensive 
assessments.

Study population and data collection
This cross-sectional observational study analyzed data 
from medical students who completed the SMSRT 
course of the RTP between September 2013 and Janu-
ary 2021. We included 2,213 students from both the 
5-year and ‘5 + 3’ programs in clinical medicine. Students 
enrolled in these programs undergo identical educational 
experiences during their first five years, participating in 
the same courses, adhering to the same academic stan-
dards, and fulfilling identical curriculum requirements. 
Eight-year MD program students were excluded.

In determining the metrics for evaluating the effective-
ness of the RTP, we considered both international bench-
marks and local educational objectives. The selection 
included metrics such as the number of publications in 
peer-reviewed journals and self-reported research inter-
ests, commonly utilized in medical education research 
to gauge scholarly productivity and student engagement 
[1, 9, 12, 16, 24]. In addition to these, we included aca-
demic metrics unique to our program, such as the Skill 
Composite Score (SCS) from course surveys and aca-
demic performance in the SMSRT course. These met-
rics were chosen to directly assess the RTP’s impact on 
students’ skills and academic success, aligning with our 
institution’s goal of developing well-rounded medical 
professionals.

Program staff extracted data from the students’ aca-
demic records and the RTP program’s records. We gath-
ered demographic data, including gender and grade 
point average (GPA) of students before they entered 
the SMSRT. The ZUSM undergraduate education office 
provided detailed information regarding the numbers 
of projects and team composition for students who 
participated in the SRTP and UTPIE programs. Schol-
arly productivity was measured based on the number 
of publications in peer-reviewed journals; this involved 
querying PubMed, EMBASE, and the China National 
Knowledge Infrastructure (CNKI) databases using stu-
dents’ names and our institution’s name as search terms. 
To mitigate issues of name ambiguity, we compared the 
corresponding authors listed in the publications to faculty 
members at our institution. Additionally, we contacted 
faculty members directly to confirm the accuracy of the 
student authorship when ambiguities arose. We included 
articles published by students from July of their third 
year to July two years after graduation. It is important 
to note that abstracts presented at conferences or other 
scholarly meetings were not considered as publications. 
Only peer-reviewed articles in journals were counted 
as formal publications for the purposes of this research. 
However, at the time of analysis, published data from the 

Classes of 2017 and 2018 (completed the SMSRT course 
in 2019 and 2020) were thought to be too incomplete to 
be included in this part of our study. Additionally, stu-
dents’ self-reported data were collected via course sur-
veys conducted at the end of the SMSRT in 2017 and 
2018. The two surveys were selected for the following 
reasons: our first cohort using the survey described in 
this study completed the course in 2017, and students’ 
publication data after 2019 are still incomplete. To ensure 
timely participation, students were reminded via campus 
text messages to submit their surveys. We also maintain 
a repository of email addresses for all participating stu-
dents, which is accessed only with the course director’s 
permission and in compliance with privacy regulations. 
All data were de-identified before analysis, and the study 
received approval from the Ethics Committee of Zhejiang 
University School of Medicine (IRB 2023-002).

Variable description and outcome measurement
In our study, we defined and measured seven primary 
outcomes based on Kirkpatrick’s levels, ranging from 
satisfaction to behavioral change [1]. At the Reaction 
level, we evaluated students’ overall satisfaction with 
the SMSRT course and their research mentors through 
a course survey, asking them to rate their satisfaction on 
a 5-point scale (5 = very satisfied, 4 = satisfied, 3 = neutral, 
2 = not satisfied, 1 = not at all satisfied). At the Learning 
level, we measured students’ academic metrics, which 
included the self-reported SCS in the course survey and 
academic performance in the SMSRT course. The SCS 
was generated for each student by summing the 5-point 
scale responses (5 = excellent, 4 = good, 3 = fair, 2 = poor, 
1 = very poor) from five scores: develop a research ques-
tion, critical appraisal of the medical literature, choose 
an appropriate research design, perform experiments 
correctly, and writing a scientific manuscript. Due to its 
non-normal distribution, the SCS was dichotomized at 
the median. Academic performance was divided into five 
groups (excellent = 90 and above, good = 80 to 89, aver-
age = 70 to 79, fair = 60 to 69, and poor = below 60). At the 
Behavior level, we defined scholarly productivity by the 
number of publications in peer-reviewed journals and 
assessed the application of longitudinal research projects 
and scholarly productivity throughout the RTP process. 
Additionally, to gauge changes in research interest, we 
asked students in the course survey, ‘How has your inter-
est in future research or academic work changed since 
your research training?’. Students responded on a 5-point 
scale: 5 = increased a lot, 4 = increased, 3 = unchanged, 
2 = decreased, 1 = decreased a lot.

Data analysis
We used descriptive statistics to summarize stu-
dents’ demographic characteristics as well as program 
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outcomes. For academic performance, research publica-
tions (numbers and proportions), and team composition 
of research projects, we assessed differences across years 
by the Kruskal-Wallis test, or by the linear-by-linear test 
of trend when an ordinal relationship seemed plausible 
for the temporal trends across years. Bonferroni correc-
tion was used for multiple analyses.

We divided students into two subgroups based on stu-
dent publications or future research interests. The num-
ber of publications for each student was treated as a 
continuous variable. We then transformed it into dichot-
omous variables, comparing at least one publication with 
no publications. Students’ future research interests were 
also transformed into a dichotomous variable, compar-
ing high interest (increased a lot or increased) with low 
interest (unchanged, decreased, or decreased a lot). We 
investigated associations between the factors of interest 
(overall satisfaction, SCS, academic performance, and 
gender) and the publications or future research interests, 
and between various factors of interest, using Spear-
man rank correlation, Mann-Whitney U test, chi-square 
test, and nonparametric test of trend as appropriate. We 
further used logistic regression to describe the associa-
tion of overall satisfaction, SCS, and gender with future 
research interests. All data analysis was performed using 
SPSS 26.0 (IBM Corp., Armonk, New York) with P < .05 
defined as statistically significant.

Results
Demographics and academic characteristics
In total, 2,213 students completed the SMSRT course of 
RTP between 2013 and 2020. Table 1 presents the sum-
mary statistics on the demographic and academic charac-
teristics of students. Of the 2,213 students, 1093 (49.4%) 
were female and 1120 (50.6%) were male. For academic 
variables, the mean and SD of the GPA before enter-
ing the SMSPT was 3.48 ± 0.65. Prior to RTP, these stu-
dents had similar demographics and baseline academic 
aptitudes.

Academic performance, research publications, and 
research projects across years
Table  2 summarizes students’ academic performance in 
SMSRT, research publications, and research projects 
from 2013 to 2020. Although the academic performance 
of students varied significantly across the years, there was 
no ordinal relationship that seemed plausible for the tem-
poral trends. For research publications, the number of 
publications for each student was significantly different 
across years (P < .001), with pairwise comparisons indi-
cating a significantly higher number of publications in 
both 2017 and 2018 compared with 2013, 2014, and 2015 
(Bonferroni adjusted P value for all comparisons < 0.05). 
Similarly, the proportion of students with any publica-
tion increased across years (P = .002). However, there 
were no differences in the proportion of students with 
first authorship between years (P = .320). For longitudinal 

Table 1 Demographic and baseline academic characteristics of medical students who completed the scholarly research projects
Characteristic 2013 2014 2015 2016 2017 2018 2019 2020
Student, no. 222 214 295 290 333 318 250 291
Male, no. (%) 109

(49.1)
107
(50)

150
(50.8)

167
(57.6)

181
(54.4)

180
(56.6)

115
(46.0)

111
(38.1)

Female, no. (%) 113
(50.9)

107
(50)

145
(49.2)

123
(42.4)

152
(45.6)

138
(43.4)

135
(54.0)

180
(61.9)

GPA, mean (SD) 3.53
(0.53)

3.40
(0.63)

3.45
(0.57)

3.35
(0.68)

3.57
(0.68)

3.51
(0.70)

3.43
(0.71)

3.62
(0.68)

Table 2 Academic performance of SMSRT, research publications, and research projects of medical studentsa

Measure 2013 2014 2015 2016 2017 2018 2019 2020 P 
value

Academic performance, Median (95% CI) 82 (82, 
83)

78 (77, 
79)

83 (83, 
84)

79 (78, 
80)

85 (84, 
86)

81.0 (80, 
82)

82 (81, 
83)

84 (83, 
85)

< .001b

Number of publications, Median (95% CI), mean 
(SD)

0 (0, 0)
0.15 
(0.38)

0 (0, 0)
0.18 
(0.50)

0 (0, 0)
0.17 
(0.45)

0 (0, 0)
0.34 
(0.86)

0 (0, 0)
0.35 
(0.73)

0 (0, 0)
0.42 
(0.90)

n/a n/a < .001b

Students with publication, % 14.0 13.6 13.6 19.3 23.7 26.7 n/a n/a .002c

Students with first-authorship, % 5.9 2.8 4.4 6.6 4.8 8.2 n/a n/a 0.320 c

Research projects, no. 68 70 64 65 72 70 93 84 n/a
Research projects (≥ 3 students per team), % 57.4 51.4 71.9 66.2 72.2 74.3 82.8 72.6 < .001c

aPublished data after 2019 are not included because they are still incomplete
bP value determined by Kruskal-Wallis test
cP value determined by linear-by-linear test of trend
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research projects in the RTP process, since the num-
ber of projects each year is determined by the program 
organizer, we mainly analyzed the study field and team 
composition of the project. The majority of the students 
(75.0-90.8%) selected basic science, and only a few chose 
clinical/translational research (7.4–18.6%), public health 
(1.5–11.9%), and medical education (about 1.5%) (Sup-
plementary Table 1). While there was little variation in 
the number of projects between years, there was a signifi-
cant increase in projects involving three or more students 
(P < .001) (Table 2).

Effects on student publications or future research interests
In 2017 and 2018, 584 students returned the course sur-
vey at the end of SMSRT corresponding to a response 
rate of 89.7%. Most students were either satisfied (305; 
52.2%) or very satisfied (210; 36.0%) with the course 
(very satisfied = 5, not at all satisfied = 1; Median 4, 95% 
CI [4]). Most students were either satisfied (222; 38.0%) 
or very satisfied (346; 59.2%) with their project mentor 
(very satisfied = 5, not at all satisfied = 1; Median 5, 95% CI 
[5]). Totally 305 (52.2%) students had high SCS, and 279 
(47.8%) students had low SCS. Descriptive statistics for 
the five constituent scores of SCS are provided in Supple-
mentary Table 2.

Table 3 describes the relationship between various fac-
tors of interest (overall satisfaction, SCS, academic per-
formance, and gender) and the publications or future 
research interests. Supplementary Table 3 shows associa-
tions between factor variables. For student publications, 
it was only correlated with the academic performance of 
SMSRT (P = .014). Whereas for students’ future research 
interests, three factors (overall satisfaction of the course, 
SCS, and gender) showed significant correlation or dif-
ference. We further conducted logistic regression and 
included these factors in the analysis model (Table  4). 
Our results showed that the more satisfied students were 
with the SMSRT course (OR 2.07, 95% CI [1.39, 3.10]), 
the higher the SCS score (OR 1.70, 95% CI [1.16, 2.50]), 
or male gender (OR 1.50, 95% CI [1.06, 2.12]), the more 
likely they were to be interested in future research.

Discussion
Reflecting on our research questions, this study at ZUSM 
provides insights into how structured research training 
programs like the RTP significantly influence medical 
students’ research productivity and their future research 
interests. Our longitudinal data showed an increase in 
the number of student publications, a greater proportion 
of students with publications, and a greater proportion 

Table 3 Descriptive statistics and association of study variables with students’ publication and intent for career research
Characteristic Publication P value Intent for career research P value

Yes No High Low
Overall satisfaction, no. (%) .127a < .001a

Very satisfied 48 (8.2) 162 (27.7) 144 (24.7) 66 (11.3)
Satisfied 87 (14.9) 218 (37.3) 149 (25.5) 156 (26.7)
Neutral 21 (3.6) 43 (7.4) 24 (4.1) 40 (6.8)
Not satisfied 1 (0.2) 1 (0.2) 1 (0.2) 1 (0.2)
Not at all satisfied 2 (0.3) 1 (0.2) 0 3 (0.5)
Mentor satisfaction, no. (%) 0.259 a 0.142 a

Very satisfied 92 (15.8) 254 (43.5) 200 (34.2) 146 (25.0)
Satisfied 60 (10.3) 162 (27.7) 111 (19.0) 111 (19.0)
Neutral 6 (1.0) 9 (1.5) 7 (1.2) 8 (1.4)
Not satisfied 0 0 0 0
Not at all satisfied 1 (0.2) 0 0 1 (0.2)
SCS, no. (%) .711b < .001b

High 81 (13.9) 224 (38.4) 193 (33.0) 112 (19.2)
Low 78 (13.4) 201 (34.4) 125 (21.4) 154 (26.4)
Academic performance, no. (%) .014a 0.538 a

Excellent 10 (1.7) 21 (3.6) 16 (2.7) 15 (2.6)
Good 125 (21.4) 285 (48.8) 231 (39.6) 179 (30.7)
Average 22 (3.8) 111 (19.0) 66 (11.3) 67 (11.5)
Fair 2 (0.3) 7 (1.2) 5 (0.9) 4 (0.7)
Poor 0 1 (0.2) 0 1 (0.2)
Gender, no. (%) 0.402 b .020b

Female 79 (13.5) 193 (33.0) 134 (22.9) 138 (23.6)
Male 80 (13.7) 232 (39.7) 184 (31.5) 128 (21.9)
aP value determined by linear-by-linear test of trend
bP value determined by Chi-square test
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of projects involving three or more students across years, 
especially after the flipped teaching-based curricular 
reform in 2016. We also tracked Kirkpatrick’s educational 
outcome variables at various levels, from satisfaction to 
behavioral change, to particularly highlight how the RTP 
influences student publications and their future research 
interests. The academic performance of the SMSRT pro-
cess was associated with increased publications, whereas 
overall satisfaction of the course, SCS, and male gen-
der were associated with increased interest in future 
research.

Among the student outcomes that research programs 
usually measure, peer-reviewed journal publications are 
generally considered as an indicator of research pro-
ductivity, reflecting students’ ability to apply acquired 
knowledge and skills to a career setting [1, 25]. It has 
been reported that the publication rate of students who 
had participated in scholarly programs varies greatly. 
For example, earlier reports showed that 8–85% of the 
medical students had published at least one paper after 
their research period [1]. An international cohort study 
found that 8.9–75.7% medical students from six different 
countries had articles accepted or published in journals 
[17]. In contrast to the relatively high proportion of stu-
dents in many western countries who have participated 
in scientific research activities before scholarly research 
programs, most Chinese students have no prior research 
experience before enrollment. This makes formal and rig-
orous research training particularly important for medi-
cal students in China. With the help of RTP in ZUSM, 
the proportion of students with publication reached to 
26.7%. Furthermore, the number of peer-reviewed manu-
scripts published by ZUSM students increased across the 
years, which is higher than the average level of medical 
schools in China according to the national CMSS survey 
in 2022 (0.42 of ZUSM vs. 0.17 of CMSS) (https://medu.
bjmu.edu.cn).

We believe that several factors have influenced the 
increase in research productivity over the decade at 
ZUSM. First, compared to more than half of students in 
5-year programs who had never participated in research 
activities in medical schools in China [20], ZUSM pro-
vides all students with the opportunity to perform 
research in the SMSRT process, and more than 60% 
of students also participate in longitudinal research 

programs during the rest of the RTP. Also, we adopt 
inquiry-based and problem-driven laboratory exercises 
in SMSRT since 2016, which have been demonstrated 
to allow students to practice the scientific process and 
develop key competencies of scientific research [26, 
27]. Through the stepwise procedure, students could be 
well prepared for the latter independent novel research 
project in SMSRT, then finally the authentic longitudi-
nal programs in RTP. ZUSM also has a group of faculty 
who now have more experience working with medical 
students on the RTP and may be more effective in men-
toring students in the program. Lastly, ZUSM is one of 
the top research-focused medical schools in China and 
may attract students who are more interested in research 
upon matriculation. However, since the intended out-
comes of our RTP are mainly focused on the research 
process and methodology itself, that could be a hinder-
ing factor to student publication frequency. Starting with 
the class of 2019, ZUSM requires all medical students to 
complete an academic paper before graduation, which 
may bolster the number of student publications.

We also analyzed students’ application of elective lon-
gitudinal research projects in the RTP process and found 
a significant increase in projects involving three or more 
students. It should be noted that in addition to research-
specific skills, interpersonal skills, such as teamwork 
and communication skills, are also considered impor-
tant core competencies for medical practitioners [14]. 
An essential feature of our curriculum-based research 
program is the cultivation of teamwork. Because of the 
multifaceted nature of the SMSRT project, students must 
work together to complete every part of the project from 
design to presentation, therefore helping them develop 
desirable skills in a collaborative environment. Another 
finding was that most students in this study preferred 
basic science investigation over other research fields (e.g. 
clinical/translational research, public health, and medi-
cal education). It has been reported that translational and 
clinical research experiences have become increasingly 
attractive alternatives for many medical students [6]. 
Whether our findings are the real choice of ZUSM medi-
cal students or due to the imbalance of relevant resources 
in RTP (e.g. shortage of clinical mentors) warrants fur-
ther study.

Table 4 Logistic regressions of students’ intent for career research
Characteristic OR 95% CI P value
Overall satisfaction 2.07 1.39, 3.10 < 0.001
Mentor satisfaction 0.89 0.60, 1.31 0.551
SCS 1.70 1.16, 2.50 0.007
Academic performance 1.35 0.90, 2.02 0.143
Male gender 1.50 1.06, 2.12 0.022
Publication 0.98 0.67, 1.44 0.936

https://medu.bjmu.edu.cn
https://medu.bjmu.edu.cn
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When exploring the potential factors that contribute to 
the student publication, only the academic performance 
of the SMSRT process was associated with increased 
publications. This finding is consistent with the national 
CMSS survey analysis that medical students with bet-
ter academic performance in China are more likely to 
engage in research, which may lead to more learning out-
comes [20]. On the other hand, it has been reported that 
medical school research experience was associated with 
increased interest in research or academic activities after 
completion of training [1, 12, 24]. In the present study, we 
found that specific variables including overall satisfaction 
of the course, self-reported skill scores, and gender may 
lead to this increased interest. Among these variables, 
previous studies have shown that program satisfaction 
is associated with increased intent to pursue career-long 
research, with two of the potential contributors being 
quality mentorship and improved student research self-
efficacy [12, 24]. The supervisors’ experience and avail-
ability to students are often considered as key factors 
of student career paths and interest in academic medi-
cine [28]. The support from supervisors (or mentors) is 
expected to include practical guidance, supervision, and 
feedback designed to promote deeper understanding 
and the development of autonomy. Further understand-
ing of factors influencing mentor satisfaction, including 
project success, the mentor’s experience and practice, 
and the specific skills taught by the mentor, may enhance 
understanding of the mentor’s contribution to overall 
satisfaction. For another potential contributor, student 
research self-efficacy, we collected students’ self-assessed 
performance in the five core competencies of the course 
(i.e. SCS) and identified a positive correlation between 
SCS and future research interests. Self-efficacy refers to 
a person’s belief in their ability to achieve a certain goal 
[29]. Participation in research projects has been shown 
to improve research self-efficacy among medical stu-
dents [12, 30]. Accordingly, a systematic review examined 
the perceptions of medical students regarding research 
revealed that students who lacked the relevant research 
skills may result in low motivation and a lack of self-effi-
cacy [10].

Regarding gender disparity, we found a significant dif-
ference in future research interests between male and 
female students. More male students expressed interest 
in research participation in the future. Interestingly, sev-
eral studies have shown that women’s self-efficacy and 
interests tend to be lower in research fields as compared 
to men [31–33]. The national CMSS survey analysis also 
shows that male medical students in China benefit more 
concerning the Science and Scholarship domain of learn-
ing outcomes [20]. However, considering that the other 
two factors identified in this study (overall satisfaction 
and skill scores) that were associated with increased 

research interests remained the same between men and 
women, the reasons behind this phenomenon need fur-
ther investigations in future studies.

Transitioning from the internal dynamics of the RTP, 
it is important to address how such programs can be 
adapted to institutions with varying resources. Our expe-
rience suggests that structured, inquiry-based laboratory 
exercises and an emphasis on mentorship form the core 
of RTP’s success. For resource-constrained settings, pri-
oritizing digital tools and collaborative platforms could 
mitigate some of the physical resource requirements, 
enhancing the program’s scalability and adaptability. Fur-
thermore, innovative solutions like the flipped classroom 
model and peer mentorship have proven effective in our 
setting to maximize resource utilization and tackle com-
mon challenges such as mentor scarcity and time con-
straints. These strategies could potentially be adapted to 
different educational environments, offering a versatile 
framework for enhancing research training globally.

To further evaluate the relevance and applicability of 
our findings on a global scale, it is instructive to consider 
similar research training programs internationally. Medi-
cal schools in countries such as the United States and 
Europe often feature extensive research training tracks, 
which may include dual-degree programs like MD-PhD, 
reflecting a robust integration of research into medical 
education [6, 15]. These programs are designed not only 
to enhance research skills but also to promote a seam-
less transition into academic medicine. Comparing the 
RTP at ZUSM with these international models highlights 
significant structural and resource-related differences 
but also underscores common objectives in enhancing 
research competencies [8, 9]. Despite varying resources, 
ZUSM has demonstrated that structured programs can 
significantly boost research outputs and engage students 
effectively, serving as a potential model for similar insti-
tutions facing resource constraints. Such international 
comparisons not only affirm the universality of enhanc-
ing medical student research capabilities but also pave 
the way for collaborative adaptations that could be ben-
eficial across different educational systems and resource 
settings.

Limitations
One limitation of the current study is that we conducted 
it at a single institution in China that is research-oriented 
and where many students wish to pursue subspecialties 
and academic careers. Therefore, our results might dif-
fer from those of other medical schools in China with 
more limited research and academic goals. In addition, 
this study does not encompass long-term outcomes 
such as impacts on participants’ choices of clinical spe-
cialty or direct improvements in patient health, which are 
crucial aspects within the Results level of Kirkpatrick’s 
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model as outlined by Bierer S.B. et al. [1]. The absence of 
comprehensive post-training data restricts our ability to 
evaluate these advanced impacts. Recognizing this limi-
tation, future research should aim to gather longitudinal 
data that can assess the enduring effects of the RTP on 
academic medicine careers, clinical practice improve-
ments, and broader organizational or societal contribu-
tions. Such follow-up studies might include analyses of 
sustained research engagement, publications post-grad-
uation, and academic appointments obtained after resi-
dency training. Besides, as a required course, we do not 
have data on students who have not completed the RTP 
program. Lastly, the survey used in this study included 
graduates from only two grades and the question of 
future research interests was only queried post-program 
which might introduce recall bias. More students and 
changes in research interest from pre-program to post-
program should be included in further studies.

Conclusions
This study provides evidence of the learning outcomes 
of the curriculum-based RTP at ZUSM. The proportion 
of students with peer-reviewed publications has con-
sistently increased over the years, clearly demonstrat-
ing an improvement in students’ research productivity, 
a primary focus of our research questions. Moreover, 
findings indicate that program satisfaction and students’ 
self-assessed performance are positively associated with 
increased intent to participate in future research, under-
scoring the RTP’s role in fostering long-term research 
engagement among students. Overall, the curriculum-
based RTP offers rigorous and authentic research expe-
riences for a large number of students, and can serve as 
a model for other medical schools interested in develop-
ing similar programs to bolster the physician-scientist 
workforce.

Abbreviations
RTP  Research training program
SMSRT  Stepwise medical student research training
SRTP  Student research training program
UTPIE  Undergraduate training program for innovation and 

entrepreneurship
SCS  Skill composite score

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12909-024-05841-0.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
The authors would like to thank the students at Zhejiang University School 
of Medicine for their engagement in this course. The authors would also like 
to acknowledge the faculty and staff of this course and the Undergraduate 

Education Office of Zhejiang University School of Medicine for their support. 
We further extend our gratitude to all who assisted in adhering to the STROBE 
(Strengthening the Reporting of Observational Studies in Epidemiology) 
guidelines; the STROBE checklist is included as Additional File 3 to enhance 
the transparency and reporting of our study.

Author contributions
JS contributed to the study design, data analysis, and drafting of the 
manuscript. JS, HQ and GL contributed to data collection, data analysis, and 
critical review of the manuscript. XL and YF contributed to data collection. All 
authors have read and approved the final manuscript.

Funding
This work was supported by the Zhejiang Province “14th Five-Year” Teaching 
Reform Research Project (jg20220038); and the Zhejiang University School of 
Medicine High-level Education and Teaching Achievement Award Cultivation 
Project (cgyb20192001).

Data availability
Datasets that support the conclusions of this study are included in the article. 
Additional data at the individual student level are not publicly available 
because of potential risks to student privacy, but are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Zhejiang University 
School of Medicine (IRB 2023-002). Informed consent was obtained from the 
participants prior to participation in this study. All procedures in this study was 
carried out in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 27 May 2023 / Accepted: 30 July 2024

References
1. Bierer SB, Chen HC. How to measure success: the impact of scholarly concen-

trations on students–a literature review. Acad Med. 2010;85(3):438–52.
2. Green EP, Borkan JM, Pross SH, Adler SR, Nothnagle M, Parsonnet J, Grup-

puso PA. Encouraging scholarship: medical school programs to promote 
student inquiry beyond the traditional medical curriculum. Acad Med. 
2010;85(3):409–18.

3. Cornett M, Palermo C, Wallace MJ, Diug B, Ward B. A realist review of scholarly 
experiences in medical education. Med Educ. 2021;55(2):159–66.

4. Butler D. Translational research: crossing the valley of death. Nature. 
2008;453(7197):840–2.

5. DeFranco DB, Sowa G. The importance of basic science and research training 
for the next generation of physicians and physician scientists. Mol Endocrinol. 
2014;28(12):1919–21.

6. Laskowitz DT, Drucker RP, Parsonnet J, Cross PC, Gesundheit N. Engaging 
students in dedicated research and scholarship during medical school: the 
long-term experiences at Duke and Stanford. Acad Med. 2010;85(3):419–28.

7. Boninger M, Troen P, Green E, Borkan J, Lance-Jones C, Humphrey A, Grup-
puso P, Kant P, McGee J, Willochell M, et al. Implementation of a longitudinal 
mentored scholarly project: an approach at two medical schools. Acad Med. 
2010;85(3):429–37.

8. Chang Y, Ramnanan CJ. A review of literature on medical students and 
scholarly research: experiences, attitudes, and outcomes. Acad Med. 
2015;90(8):1162–73.

9. Havnaer AG, Chen AJ, Greenberg PB. Scholarly concentration programs and 
medical student research productivity: a systematic review. Perspect Med 
Educ. 2017;6(4):216–26.

https://doi.org/10.1186/s12909-024-05841-0
https://doi.org/10.1186/s12909-024-05841-0


Page 10 of 10Shen et al. BMC Medical Education          (2024) 24:836 

10. Stone C, Dogbey GY, Klenzak S, Van Fossen K, Tan B, Brannan GD. Contempo-
rary global perspectives of medical students on research during undergradu-
ate medical education: a systematic literature review. Med Educ Online. 
2018;23(1):1537430.

11. Cain L, Kramer G, Ferguson M. The Medical Student Summer Research 
Program at the University of Texas Medical Branch at Galveston: building 
research foundations. Med Educ Online. 2019;24(1):1581523.

12. DiBiase RM, Beach MC, Carrese JA, Haythornthwaite JA, Wheelan SJ, Atkinson 
MA, Geller G, Gebo KA, Greene JA, Sozio SM. A medical student scholarly con-
centrations program: scholarly self-efficacy and impact on future research 
activities. Med Educ Online. 2020;25(1):1786210.

13. Conroy MB, Shaffiey S, Jones S, Hackam DJ, Sowa G, Winger DG, Wang L, Bon-
inger ML, Wagner AK, Levine AS. Scholarly Research Projects Benefit Medical 
Students’ Research Productivity and Residency Choice: outcomes from the 
University of Pittsburgh School of Medicine. Acad Med. 2018;93(11):1727–31.

14. Laidlaw A, Aiton J, Struthers J, Guild S. Developing research skills in medical 
students: AMEE Guide 69. Med Teach. 2012;34(9):e754–771.

15. Parameswaran G, Bowman A, Swales C, Ooi SZY, Chan SW, Babu PR, Ramsay 
D, Kostoudi S, Bandyopadhyay S. Collaborative SM-N-I. cross-sectional survey 
of Medical student perceptions of and desires for Research and Training 
pathways (SMART): an analysis of prospective cohort study of UK medical 
students. BMC Med Educ. 2023;23(1):964.

16. Moller R, Shoshan M. Medical students’ research productivity and career pref-
erences; a 2-year prospective follow-up study. BMC Med Educ. 2017;17(1):51.

17. Ha TC, Ng S, Chen C, Yong SK, Koh GCH, Tan SB, Malhotra R, Altermatt F, 
Seim A, Biderman A, et al. Inclination towards research and the pursuit of a 
research career among medical students: an international cohort study. BMC 
Med Educ. 2018;18(1):86.

18. Siddaiah-Subramanya M, Singh H, Tiang KW. Research during medical school: 
is it particularly difficult in developing countries compared to developed 
countries? Adv Med Educ Pract. 2017;8:771–6.

19. Wang W. Medical education in China: progress in the past 70 years and a 
vision for the future. BMC Med Educ. 2021;21(1):453.

20. Zhang G, Wu H, Xie A, Cheng H. The association between medical stu-
dent research engagement with learning outcomes. Med Educ Online. 
2022;27(1):2100039.

21. Wan M, Liu S, Zhu J, Xiao S, Yuan L, Lei X, Lei H, Shi X, You W, Ruan G, 
et al. Challenges of senior 8-year-program medical students’ scientific 
research in China: a multicenter questionnaire-based study. Med (Baltim). 
2022;101(10):e29026.

22. Lu Y, Li X, Ye Z, Wang M, Mei R, Xia Q. Study on new teaching mode 
of enhancing students’ capacity in independent study, independent 

experiment and independent innovation. Experimental Technol Manage. 
2012;29(6):11–6.

23. Shen J, Qi H, Chen Y, Mei R, Sun C, Wang Z. Incorporating modified team-
based learning into a flipped basic medical laboratory course: impact on 
student performance and perceptions. BMC Med Educ. 2022;22(1):608.

24. Wolfson RK, Alberson K, McGinty M, Schwanz K, Dickins K, Arora VM. The 
impact of a Scholarly Concentration Program on Student Interest in Career-
Long Research: a longitudinal study. Acad Med. 2017;92(8):1196–203.

25. Amgad M, Man Kin Tsui M, Liptrott SJ, Shash E. Medical Student Research: an 
Integrated mixed-methods systematic review and Meta-analysis. PLoS ONE. 
2015;10(6):e0127470.

26. Woodley SK, Freeman PE, Ricketts TD. Combining novel research and 
community-engaged learning in an undergraduate physiology laboratory 
course. Adv Physiol Educ. 2019;43(2):110–20.

27. Rennhack JP, VanRyn VS, Poteracki JM, Wehrwein EA. From proposal to poster: 
course-based undergraduate research experience in a physiology laboratory 
course. Adv Physiol Educ. 2020;44(3):459–63.

28. Moller R, Wallberg A, Shoshan M. Faculty perceptions of factors that indicate 
successful educational outcomes of medical students’ research projects: a 
focus group study. BMC Med Educ. 2021;21(1):519.

29. Bandura A, Barbaranelli C, Caprara GV, Pastorelli C. Self-efficacy beliefs 
as shapers of children’s aspirations and career trajectories. Child Dev. 
2001;72(1):187–206.

30. Bierer SB, Prayson RA, Dannefer EF. Association of research self-efficacy with 
medical student career interests, specialization, and scholarship: a case study. 
Adv Health Sci Educ Theory Pract. 2015;20(2):339–54.

31. Bakken LL, Sheridan J, Carnes M. Gender differences among physician-
scientists in self-assessed abilities to perform clinical research. Acad Med. 
2003;78(12):1281–6.

32. Burgoyne LN, O’Flynn S, Boylan GB. Undergraduate medical research: the 
student perspective. Med Educ Online 2010;15.

33. Funston G, Piper RJ, Connell C, Foden P, Young AM, O’Neill P. Medical student 
perceptions of research and research-orientated careers: an international 
questionnaire study. Med Teach. 2016;38(10):1041–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	The impact of a curriculum-based research training program on medical students’ research productivity and future research interests: a longitudinal study
	Abstract
	Introduction
	Methods
	Research training program at ZUSM
	Study population and data collection
	Variable description and outcome measurement
	Data analysis

	Results
	Demographics and academic characteristics
	Academic performance, research publications, and research projects across years
	Effects on student publications or future research interests

	Discussion
	Limitations

	Conclusions
	References


