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Scientific research training (SRT) is crucial for fostering skills and innovation in college
students. However, the status of SRT in medical undergraduates and postgraduates,
as well as the impact of early SRT on students’ innovation abilities, remain largely
unknown. This study assessed the role of SRT in culturing innovation abilities
among medical students. The results revealed that undergraduates exhibited a
greater understanding of scientific research compared to postgraduates. Notably,
undergraduates demonstrated a higher level of understanding of SRT in contrast to
postgraduates (81.26% vs. 56.97%). A significant proportion (>70%) of undergraduates
had engaged in research activities early in their academic journey, with an average
participation duration exceeding 1 year. Moreover, undergraduates initiated their
involvement in SRT during the first- and second- year of undergraduates, which
was earlier than postgraduates. Personal interest emerged as a primary motivator
for engaging in SRT, with postgraduates exhibiting higher research aspirations
and achieving greater research outcomes. Postgraduates also received more
substantial guidance from advisors, leading to enhanced academic performance
compared to undergraduates (90.7% vs. 67.59%). Interestingly, students expressed
satisfaction with laboratory conditions and attributed their academic success
to personal efforts. These findings underscore the importance of early SRT in
cultivating the innovation abilities of medical students.

KEYWORDS

scientific research training, medical students, innovation ability, medical education,
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1 Introduction

The 5-year medical bachelor’s degree program is a fundamental component of the medical
education system in China (Liu et al., 2023), aimed at training qualified practicing physicians
through a curriculum comprising basic and clinical medicine courses as well as internships.
Upon completion, graduates are eligible to undertake the National Medical Licensing
Examination (NMLE) following a year of clinical work at medical institutions. Subsequently,
these students are required to undergo 3 years of standardized residency training before being
recognized as doctors. However, it is noted that this program in China lacks emphasis on
scientific research training (SRT). In contrast, in other developing countries, while SRT during
medical education remains less prevalent than desired, student interest in research activities
is generally high (de Oliveira et al., 2011). The SRT program is designed to encourage
undergraduate students to carry out innovative research, facilitated by the mentorship of
supervisors. Students will engage in the processes of design, preparation, implementation of
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a research project, and eventually exchange of research findings or
outputs (Zhang et al., 2017). This initiative strongly advocates for
multidisciplinary research and collaboration across various
departments. Research awards for graduate students offer a platform
for honing research and methodological skills, fostering student-
centred outcomes, and enhancing their confidence in research
endeavors (Cepanec et al., 2016). The establishment of an integrated
international program encompassing clinical, basic, and
methodological training enables medical students to gain insights into
variations in healthcare and medical education practices across
different countries (Elharram et al., 2018). SRT in basic and clinical
medical sciences is pivotal in enhancing clinical skills and fostering
innovation capabilities, thereby underscoring the importance of
training a cadre of highly skilled clinicians equipped with knowledge,
skills, and innovation acumen to enhance healthcare services.

In a manner akin to clinical research practices observed in various
other nations, an increasing number of Chinese clinicians are actively
participating in scientific research endeavors alongside their clinical
responsibilities (Luft, 2016). Nevertheless, a significant proportion of
Chinese clinicians did not undergo comprehensive systematic
scientific research training during their medical education (Liu et al.,
2023). This underscores the pressing necessity to enhance the
innovative capacities of clinician scientists. Reinvigorating the concept
of the clinician-scientist-teacher archetype could potentially facilitate
the cultivation of upcoming generations of translational researchers
(DeLuca et al., 2016). To address the disparity in innovation
capabilities between clinicians and scientists, it is imperative to
establish linkages between fundamental research and translational
medicine for medical students (Niessen and Krieg, 2014). SRT has
emerged as a prominent educational program aimed at enhancing the
innovation skills of medical students (Fang and Meyer, 2003; Li et al.,
2018). Noteworthy outcomes, including academic publications,
inventions, patents, and clinical applications, have been realized since
the inception of SRT. Early implementation of SRT has been integrated
into the curriculum at Ningbo University Health Science Centre since
2010 as a key strategy for fostering innovation among medical
students. However, the precise correlation between early exposure to
SRT and the innovation aptitude of medical students remains to
be elucidated.

The primary objectives of this research are to investigate the status
of SRT among undergraduate and postgraduate students at Ningbo
University, and to examine the correlation between early exposure to
SRT and innovation capabilities in medical students. A comprehensive
and dependable questionnaire survey was carried out to gather
pertinent data. Upon scrutinizing the acquired information, it was
observed that undergraduates exhibited a greater comprehension of
research compared to postgraduates. Furthermore, undergraduates
engaged in research activities at an earlier stage in their academic
journey than postgraduates. The majority of postgraduates harbored
more ambitious research aspirations than undergraduates, and having
specific research objectives was associated with greater academic
achievements. Regular guidance was found to be beneficial in
enhancing students’ academic performance, with personal effort
emerging as a key determinant of academic success and subsequent
innovation potential. These results underscore the broader integration
of SRT within medical education, suggesting that the effective
implementation of SRT in nurturing medical students could serve as
a cornerstone for cultivating future cohorts of clinician scientists.
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2 Materials and methods

2.1 Study design

A cross-sectional, descriptive investigation was carried out to
assess the scientific research and innovation capabilities of
The
undergraduate students (n=108) and postgraduate students

medical students. study involved surveying both
(n=86) at Ningbo University Health Science Centre between
December 2022 and January 2023. Ethical approval for this study
was obtained from the institutional review board at Ningbo
University Health Science Centre under the reference number

NBU-20221205.

2.2 Questionnaire design and analysis

Two distinct sets of questionnaires were developed for
undergraduate and postgraduate students, as detailed in the
Supplementary material. The primary inquiries of the questionnaires
included various questions, such as the basic information of the
participants, the comprehension of SRT, the involvement in SRT
activities, the drivers and influences behind research engagement, the
guidance received from advisors in SRT, the academic achievements
related to SRT, the evaluation of research environments, the
satisfaction on the SRT experience, and the recommendations for
enhancing the SRT experience. The reliability of these questionnaires
were analyzed by Cronbach’s alpha model.

2.3 Participants and setting

The research team at Ningbo University Health Science Centre
administered a questionnaire survey to assess the scientific research
and innovation capabilities of students. Invitations containing a link
to the survey were randomly sent via WeChat to undergraduate
students ranging from first-year to fifth-year, as well as to postgraduate
students from first-year to third-year. Non-respondents were sent up
to three additional follow-up WeChat invitations.

2.4 Data collection

The outcomes of the survey were automatically documented using
the online WeChat questionnaire survey system. Subsequent to the
designated deadline, the raw data was retrieved from the system and
valid data was manually gathered. The integrity, precision, and
uniformity of the gathered data were verified by three distinct
independent examiners.

2.5 Statistical analysis

The descriptive statistics were employed to delineate responses
across all inquiries, with data analyses conducted utilizing Microsoft
Excel software. The reliability analysis of the questionnaires was
performed with Cronbach’s alpha model by using SPSS 13.0 software.
A Cronbach’s alpha value above 0.7 suggests acceptable reliability.
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3 Results

3.1 Undergraduates demonstrated a
greater level of comprehension of research
concepts compared to postgraduates

To assess the level of understanding of scientific research among
medical students, we conducted the questionnaire survey at Ningbo
University. The alpha values for undergraduate and postgraduate
questionnaires are 0.812 and 0.775, respectively, indicating acceptable
reliability. The survey focused on evaluating scientific research and
innovation skills. The study included 108 undergraduate students and
86 postgraduate students as valid respondents post random
invitations. The results revealed that 9.26% of undergraduates
exhibited a high level of understanding in research, while 75% of
undergraduates demonstrated familiarity with research concepts

10.3389/feduc.2024.1483003

(Figure 1A). In contrast, only 1.16% of postgraduates displayed a
strong understanding of research, with 55.81% of postgraduates
indicating some level of knowledge in research (Figure 1B).
Consequently, the research comprehension among undergraduates
was notably higher compared to postgraduates (81.26% vs. 56.97%).
Furthermore, a significant proportion of both undergraduate
(88.89%) and postgraduate (90.69%) participants expressed interest
in research (Figures 1C, D). Notably, a majority of undergraduates
(80.56%) acknowledged the benefits of research for their professional
development (Figure 1E). Similarly, 84.26% of undergraduates
recognized the advantages of early exposure to scientific training in
enhancing their academic skills (Figure 1F). Among undergraduates,
the most essential skills identified were reading literature, followed
by problem analysis and solving abilities (Figure 1G). These findings
suggest that undergraduates exhibit a higher level of understanding
in the realm of scientific research.
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FIGURE 1
Comprehension of research among medical undergraduates and postgraduates. This includes an exploration of the understanding of research among
medical undergraduates (A) and postgraduates (B), as well as an investigation into the level of interest in research among medical undergraduates
(C) and postgraduates (D). Additionally, the potential benefits of research on the learning process of medical undergraduates (E), the impact of early
scientific training on academic performance among medical undergraduates (F), and the essential skills and competencies necessary for research
among medical undergraduates (G) are analyzed.

Frontiers in Education 03

frontiersin.org


https://doi.org/10.3389/feduc.2024.1483003
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Wang et al.

3.2 Engagement in research activities
among undergraduates occurred prior to
that of postgraduates

To further explore the impact of stated interests and requirements
on individuals’ behaviors, an analysis was conducted on their research
backgrounds. Among the eligible postgraduate participants, 31.4%
indicated having engaged in research activities during their
undergraduate studies (Figure 2A). A majority of postgraduates (59.3%)
commenced their research endeavors during the initial year of their
postgraduate program (Figure 2B). In contrast, for undergraduates,
48.15% of first-year students and 21.3% of second-year students were
involved in research activities (Figure 2C). Notably, 52.78% of
undergraduates engaged in research through programs like the Student
Research Training Program (SRTP), while 37.04% participated in
research competitions such as the “Challenge Cup” competition in basic
medical sciences and clinical medicine (Figure 2D). Regarding the
funding sources for their research projects, 34.26% were advisor-funded,
27.78% were advisor-consulted, and a minimal proportion (5.56%) were
self-initiated  (Figure 2E). nearly one-third of
undergraduates had accumulated over 12 months of research experience
(Figure 2F). Collectively, over 70% of undergraduates had engaged in

Furthermore,

10.3389/feduc.2024.1483003

research activities during their early academic years, with an average
research participation duration exceeding 1 year.

3.3 Clearly defined research objectives
resulted in increased achievements

The primary driving force for undergraduate involvement in
research was found to be personal interest, innovation credit,
awards/honors, graduate entrance and others (Figure 3A). A
significant proportion of undergraduates (39.81%) demonstrated
purposeful engagement, while 35.19% did not have specific goals
(Figure 3B). In contrast, a higher percentage of postgraduates
(47.67%) exhibited purposeful intent, with 41.86% lacking specific
goals (Figure 3C). Analysis of research outcomes revealed that the
top three benefits for undergraduates were increased awareness of
medicine (63.89%), enhanced independence of research (59.26%),
and recognition of personal limitations (50.93%) (Figure 3D).
Postgraduates reported similar gains when surveyed (Figure 3E),
with only a small minority of undergraduates (2.78%) and
postgraduates (5.81%) indicating no benefits from their research
endeavors (Figures 3D,E). These findings underscore the

Have you engaged in research? Time participated in research (Postgraduates) Time participated in research (Undergraduates)
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FIGURE 2
Involvement of medical students in research activities. It includes data on various aspects such as (A) whether to engage in research, (B) time
participated in research in postgraduates, (C) time participated in research in undergraduates, (D) the ways to participate in research in medical
undergraduates. SRTP, scientific research training program, (E) the sources of research projects in medical undergraduates, and (F) total time for
research in medical undergraduates.
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FIGURE 3
Motivations, goals, and gains associated with research endeavors. It delineates (A) motivations for engaging in research, research goals in medical
undergraduates (B) and postgraduates (C), and gains from research in medical undergraduates (D) and postgraduates (E).

significance of personal interest as a primary motivator for research
engagement, while also highlighting the higher research aspirations
and gains among postgraduates compared to undergraduates.

3.4 Increased frequency of guidance led to
improved academic achievement among
students

The study examined the correlation between academic advisors’
guidance and students’ academic achievements. The findings

Frontiers in Education
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indicated that a majority of undergraduate students received
frequent and consistent guidance from their advisors (Figure 4A),
while postgraduate students received a greater proportion of
guidance (Figure 4B). In line with this, a mere 2.78% of
undergraduates obtained first
(Figure 4C), whereas 15.12% of undergraduates achieved first

author-papers/patents/awards

authorship in academic performance (Figure 4D). Despite a similar
percentage of undergraduates (12.97%) and postgraduates (12.63%)
working toward first or non-first author academic performance,
postgraduates demonstrated a higher rate of first author academic
achievements compared to undergraduates (15.12% vs. 2.78%,
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FIGURE 4
Correlation between advisors’ guidance and students’ academic performance. Advisors' guidance in medical undergraduates (A) and postgraduates (B).
Academic performance (papers/patents/awards etc.) in medical undergraduates (C) and postgraduates (D).
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Figures 4C,D). These results suggest that postgraduates benefited
from a higher level of guidance, leading to enhanced
academic performance.

3.5 Personal effort was the predominant
factor influencing academic performance

To further examine the various factors influencing academic
performance, a survey was conducted to analyze and compare factors
such as advisor’s ability, lab conditions, and personal efforts. The
findings revealed that a majority of students (53.49%) identified
personal efforts as the most crucial factor impacting academic
achievement (Figure 5A). Subsequently, advisor’s ability emerged as
the next significant determinant of academic performance. Among
the valid responses, 67.44 and 26.74% of participants rated their
advisors’ abilities as “High” and “Medium,” respectively (Figure 5B).
The quality of research equipment and cultural surroundings were
identified as pivotal aspects for academic pursuits. The results
demonstrated that both undergraduate and postgraduate students
expressed high levels of satisfaction with the available research
equipment. A negligible percentage of undergraduates (4.63%) and
postgraduates (5.81%) perceived the research hardware as inadequate
(Figures 5C,D). Notably, both undergraduate and postgraduate
students exhibited greater contentment with the cultural environment
compared to the research hardware (Figures 5E,F). These outcomes
suggest that the majority of students were content with the laboratory
conditions and acknowledged the significance of personal efforts in
achieving academic excellence.

4 Discussion

Previous research demonstrated that the implementation of an
early SRT program had positive effects on the academic and
non-academic accomplishments of undergraduate medical students
(Zhang et al., 2022). However, it is important to note that the structure
and requirements of postgraduate and undergraduate programs
within the Chinese medical education system differ significantly.
Consequently, the impact of early SRT on the innovation capabilities
of both undergraduate and postgraduate medical students remains
uncertain. This study aimed to investigate the prevalence of SRT
participation among undergraduates and postgraduates, as well as to
examine the correlation between early SRT involvement and
innovation skills in medical students. The findings revealed that
undergraduate students engaged in research activities at an earlier
stage compared to their postgraduate counterparts (Figures 2B,C).
Moreover, it was observed that receiving more frequent guidance
positively influenced students’ academic performance, with personal
effort emerging as a key determinant of academic success and
subsequent innovation potential (Figures 4, 5).

Medical research holds significant importance for clinician
scientists. The incorporation of scientific research into medical
education has been shown to enhance skills relevant to future clinical
practice. The primary approach to teaching medical research to
students has involved implementing basic research skills curricula and
encouraging the longitudinal application of these skills (Lee et al.,
2021). However, in China, there has been a lack of integration of

Frontiers in Education

10.3389/feduc.2024.1483003

professional curricula with medical research for undergraduate
students. Despite their strong interest and motivation, only a small
number of undergraduates have engaged in research activities (Chen
et al,, 2023; Zhang et al., 2022). The majority of Chinese medical
undergraduates have participated in scientific research through the
SRT program. Since its inception at Tsinghua University in 1996, the
SRT program has become a key method for college students to
enhance their skills and foster innovation. Consequently, the
implementation of a structured SRT program has led to significant
improvements in both academic and non-academic performance
among medical undergraduates (Zhang et al., 2022; Zhang et al,,
2017), highlighting the crucial role of early research training in
enhancing the scientific performance and innovation capabilities of
students. Notably, a cost-effective, peer-taught virtual research
workshop has been established as a sustainable solution to enhancing
the student research-related knowledge and skills (Martins et al., 2021;
Ukrani et al., 2021).

Unlike undergraduates, Chinese medical postgraduates tend to
engage in scientific research more spontaneously. The pursuit of a
Master of Medicine typically necessitates postgraduates to conduct
research and publish scientific papers (Liu et al., 2023; The Lancet,
2017). While our research indicated that undergraduates exhibited a
greater understanding of research compared to postgraduates, the
latter group demonstrated higher aspirations in research endeavors
(Figure 3). These specific objectives were associated with enhanced
academic performance and aligned with degree requirements. In an
effort to enhance the research capabilities of postgraduates, a research
training award program was introduced for graduate students. This
initiative aimed to offer a research-intensive experiential learning
opportunity to aid in the development of postgraduates as clinician
scientists. The research training awards enabled postgraduates to
cultivate research skills and achieve student-centered outcomes
(Cepanec et al., 2016). Our findings demonstrated that postgraduates
received a greater amount of guidance, which correlated with
improved academic performance (Figure 4). Similarly, the frequency
and methods of guidance were identified as independent factors
influencing the perspectives of Chinese 8-year medical students
regarding scientific research (Liao et al., 2022). The implementation
of the research training program not only enhanced the research
capabilities of postgraduates as clinician scientists but also bolstered
their confidence in research endeavors.

The study on the enduring impacts of extracurricular scientific
research involvement among undergraduate students revealed that
such participation led to the development of scientific thinking skills
and improvement in communication abilities. Furthermore, medical
students were inclined to pursue postgraduate studies in order to
further engage in scientific research endeavors (Wang et al., 2021).
Our findings indicated that over 70% of undergraduates had engaged
in research activities during their early academic years, with an
average duration of participation exceeding one year (Figure 2).
Various strategies have been implemented in medical education
processes to enhance educational quality (Brown et al., 2018; Shen
et al,, 2016). The implementation of a structured SRT program was
found to not only enhance research productivity among medical
students but also bolster their research skills and motivation to pursue
research endeavors (Liu et al, 2024; Zhang et al, 2022).
Collaborative international training programs were also found to
significantly impact the research capabilities of medical students
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(E) and postgraduates (F).
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The subjective assessment of research experience. It encompasses various aspects such as (A) factors affecting academic achievements, (B) advisor's
level, research hardware conditions in medical undergraduates (C) and postgraduates (D), and research cultural conditions in medical undergraduates

(Rezhake et al., 2018). Therefore, the development of a well-structured
SRT program is crucial for fostering innovation among medical
students. Our results revealed that the majority of research projects
were funded and guided by advisors, with only a small number being
self-initiated by students (Figure 2). This underscores the importance
of advisor guidance in academic performance, as postgraduates who
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received a higher level of guidance demonstrated superior
academic achievements.

The reasons behind participation in clinical research were often
associated with various advantages (Nappo et al., 2013). In a study
conducted at Ningbo University, medical students indicated that their
primary motivation for engaging in research was their personal
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interest. This primary incentive led to heightened awareness of
medicine, increased independence in research, and acknowledgment
of individual limitations (Figure 3). While the significance of research
environments in yielding research outcomes is widely recognized
(Jorgensen and Hanssen, 2018), our results demonstrated that
personal effort emerged as the most crucial factor influencing
shown that the
undergraduate research experience significantly impacts students’

academic accomplishments. Research has
inclination toward pursuing a career in science post-graduation (Linn
et al., 2015). For medical students, involvement in research was
connected to enhanced academic performance, increased knowledge,
and strategic personal development (Amgad et al., 2015).

5 Conclusion

Our work revealed that undergraduate students exhibited a
greater comprehension of research compared to postgraduate
students, and involvement in research activities commenced at an
earlier stage for undergraduates than for postgraduates. While
postgraduates demonstrated higher aspirations in research than
undergraduates, these targeted objectives were associated with
significantly enhanced academic achievements. Consequently, these
outcomes suggest a strong correlation between early research
engagement and the innovative capacity of medical students.
Therefore, the establishment of an early SRT initiative is imperative to
cultivate a larger cohort of future clinician scientists and enhance the
overall standard of medical education.
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