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Abstract

Objective A growing number of clinical undergraduates are chosen to enter institutions for higher education bio-
technology and industry workforce, though most need more laboratory experience training and business practice.
Innovation and Entrepreneurship Program (& Program) can benefit from biological experiment and commercializa-
tion training largely absent from standard clinical medical educational curricula. Our study investigates the impact
and status of the I&E Program in enhancing medical students'research and entrepreneurial abilities and provides
recommendations for improving this program.

Methods A cross-sectional study was applied by delivering a questionnaire to survey medical students from Central
South University who participated in the I& Program. The questionnaire consisted of three parts: basic information,
the impact of the I&E Program on medical students'research and entrepreneurial abilities, and attitudes and recom-
mendations regarding the I&E Program.

Results Many students participating in the I&E Program have received competition awards and improved their
academic experience, article writing, and application patents. Their research-related abilities have been enhanced,
including in-lab techniques, theoretical research skills, data analysis knowledge, clinical research skills, experimen-

tal research skills, entrepreneurship, data analysis ability, teamwork, and communication. While 73.93% of students
express satisfaction with the I&E Program, there are still several areas of improvement, including more robust practical
components, increased support, and enhanced teamwork.

Conclusion The scale of the I& Program is rapidly expanding to address scientific research or business skills needed
by college students in the new era. However, more programs still need to be discontinued during their further study.
The I&E Program significantly enhances research abilities and fosters confidence in their study. This analysis empha-
sizes the importance of research-oriented and interdisciplinary education for students’holistic development in medi-
cal schools compared with formal medical education.
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Introduction

The National Innovation and Entrepreneurship Training
Program for College Students (I&E Program) in China
originated from the Ministry of Education’s policy rec-
ommendations in 2010. These recommendations aimed
to promote innovation and entrepreneurship education
in higher education, fostering students’ practical skills
and innovative spirit. Implemented in 2011, the pro-
gram received significant participation, with 16,300 pro-
jects submitted by Central South University under the
ministries for approval [1]. More universities joined the
program, which expanded nationwide with local govern-
ment support and active university involvement, garner-
ing widespread participation. In 2021, Hunan Province
of China approved 11,394 I&E Program with a budget
of 87.15 million yuan, involving 49,451 student partici-
pants. Central South University initiated 1,731 programs,
including 432 in medical disciplines, comprising 391
innovative programs and 41 entrepreneurial programs [2,
3]. American allopathic medical schools typically accept
between 2 and 36% of their class size into I&E Program
[4], whereas Chinese medical schools show broader par-
ticipation. At least 2,100 undergraduate medical students
are participating in the I&E Program in 2023 at Central
South University, and this number is projected to grow.
A survey at Yangtze University found 61.4% of clinical
medicine majors involved in the Program [5], with simi-
lar expectations at Xiangya Medical School of Central
South University.

The I&E Program provides a platform to develop their
innovative ideas into lab experience or viable business.
It aims to cultivate high-level innovative talents who
can meet the needs of building an innovative-oriented
nation [6]. It empowers students to conduct independent
research, program design, implementation, and analysis
under instructor guidance. They receive mentorship from
seasoned scientists and industry experts. What’s more,
the programs provide funding, access to cutting-edge
facilities, and support for intellectual property protec-
tion. They encourage student collaboration and network-
ing, fostering team formation and joint work. Universities
annually solicit program proposals from students, secur-
ing financial backing at national, provincial, or university
levels through application and evaluation processes. The
programs fall into three categories: innovation training,
entrepreneurship training, and entrepreneurship prac-
tice. They usually span a year, with universities conduct-
ing periodic inspections involving reports and poster
presentations.

Interest in I&E education in healthcare is grow-
ing. However, formal educational programs in this field
are relatively rare, and there needs to be more knowl-
edge about the status and practices of I&E education in
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healthcare. To address these unmet needs, medical stu-
dents inclined towards I&E can pursue these interests
through graduate degrees, innovation scholarships, and
other courses [4, 7]. Also, it is necessary to continu-
ally report innovations in health education literature to
identify successes and challenges in medical I&E edu-
cation [8]. Existing research rarely includes nationwide
I&E programs in Chinese healthcare [9]. The impetus for
our study stemmed from a multifaceted understanding
of clinical undergraduate education’s current landscape
and evolving demands. Moreover, we want to assess cur-
rent educational programs and recommend program
improvement. Beyond evaluating the current status,
there was a clear need to identify areas of improvement
for the I&E Program to serve its participants better.
Given the rapid expansion of such programs, it was
imperative to provide evidence-based recommendations
to enhance their effectiveness in meeting the new era’s
demands on college students. We want to enhance the
research and entrepreneurial abilities of medical students
and improve their implementation and talent cultivation
at medical schools.

In preparation for further survey, we first sought to
identify the core I&E competencies we expect from
all undergraduate participants and identify some con-
cepts. The Entrepreneurship Competence Framework
(EntreComp) generally defines entrepreneurship com-
petency as the ability to turn ideas into actions [8].
Merriam-Webster dictionary defines “innovation” as
a new idea, method, or device, which is core to bring-
ing new approaches into a field. In business literature,
innovation and entrepreneurship are widely regarded as
closely intertwined concepts [10]. No medical I&E pro-
grams have publicly proposed a formal competency for
the innovation [4]. However, EntreComp identified 15
competencies that would generate an “entrepreneurial
mindset” for all citizens [8]. Another group validated all
15 competencies as curricular competencies in I&E for
biomedical research trainees [11].

We also want to investigate what research compe-
tencies participants can gain from the I&E Program
because research skills are fundamental for future cli-
nician-researchers [12]. Some core competencies for
clinical and translational scientists were also recognized
[13]. Kansas City University defines six significant areas
where students could demonstrate research competency
[14]: project understanding, technical skills, attention
to detail, analytical ability, communication with precep-
tor and research team members, and professionalism.
These research competencies align with the Accredita-
tion Council for Graduate Medical Education (ACGME)
core competencies of Medical Knowledge. “Develop-
ing research skills in medical students: AMEE Guide
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No. 69, published by The International Association for
Health Professions Education (AMEE), defined several
skills for medical students wanting to develop research
skills. It isn't easy to establish explicit connections
between specific skills and innovation. The extensive
skills identified in the literature as fostering innovation
include fundamental abilities such as reading, academic
skills, and technical expertise, as well as “soft” skills like
problem-solving, teamwork ability, and leadership [12].
Competency is a cluster of related knowledge, attitudes,
and skills that affect a significant part of one’s job [15].
Generally, the research competencies we hope to discuss
include hard skills, most identified in AMEE Guide No.
69, and soft skills, aligned with I&E competencies.

Methods

Research design

This study adopts a cross-sectional survey design to
understand the current levels of research competence
among undergraduate medical students who have par-
ticipated in the I&E Program. We employed a stratified
random sampling method. This approach involved divid-
ing the population into strata based on characteristics
such as year of study, specialization, and prior exposure
to research and entrepreneurial activities. The primary
research questions include:

1) Does the I&E Program positively impact the I&E
competencies and research competencies of medical
students?

2) What challenges and obstacles do medical students
face in the I&E Program?

3) Are medical students satisfied with the I&E Program,
and how can it be improved?

Questionnaire design

To assess medical students’ research competency, a total
of 66 closed-ended items based on the assessment form
by Kansas City University [16], CRAI-12 [17], and AMEE
Guide No. 69 [18] were employed to explore perceptions
of their familiarity or mastery of knowledge related to the
I&E Program and various their confidence in multiple
competencies. These items were divided into the follow-
ing sections:

1) General Student Information (10 items): This section
covered demographics such as age, gender, and aca-
demic year.

2) Research Skills (3 items): This section included ques-
tions related to laboratory techniques, theoretical
research skills, and knowledge of data analysis.

3) Research Competencies (by Different Domains):
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Experimental Research Competencies (12 items)
Clinical Research Competencies (10 items)
Entrepreneurial Abilities (6 items)

4) Data Analysis Ability (4 items): This section assessed
students’ data processing and analysis proficiency.

5) Communication Skills (7 items): This section evalu-
ated written and oral communication skills.

6) Satisfaction Levels and Advice (14 items): This sec-
tion gauged students’ satisfaction with the Innova-
tion and Entrepreneurship program and collected
their suggestions for improvement.

In the part of the study rooted in the “Self-Efficacy The-
ory [19]” and the “Social Cognitive Career Theory [20]’,
we employed a Likert scale. This scale prompted students
to rate their perspectives or experiences on a 5-point
scale, ranging from “Strongly Disagree” to “Disagree,’
“Neutral,” “Agree,” and “Strongly Agree” An open-ended
question was also included to elicit students’ feedback or
opinions regarding the Innovation and Entrepreneurship
program.

It is important to note that in the section concerning
Research Competencies, each student was required to
complete one subsection out of Clinical Research Skills,
Experimental Research Skills, or Entrepreneurial Abili-
ties based on the direction of their program participation.

These details in the questionnaire design will facilitate a
comprehensive understanding of students’ research abili-
ties and satisfaction levels across various dimensions and
how their perspectives and experiences correlate with
self-efficacy and social cognitive career theory.

Participants

After conducting a small-scale distribution, the question-
naire design was re-evaluated, and the time required for
typical responses was estimated. Following the comple-
tion of questionnaire collection, researchers removed
invalid questionnaires based on the time respondents
took to answer questions and the completeness of ques-
tionnaire responses.

A total of 200 undergraduates were randomly selected.
An online survey using an internet platform was con-
ducted, and 188 valid responses were collected. These
survey responses will be utilized to address research
questions and conduct relevant statistical analyses. Par-
ticipants were informed about data usage and confi-
dentiality before participating in the survey, and their
responses were anonymous.

The sample was sourced from the Xiangya School of
Medicine (Central South University) students, encom-
passing individuals from various academic disciplines in
medicine, year levels, and backgrounds. Participants were
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recruited by sharing the survey link on the university’s
online platforms. The recruitment process was extended
over a specific duration to ensure diverse responses.

Results

Program characteristics

Out of the 188 surveyed students, the predominant
group comprises third-year clinical medicine students.
They are in their third year of clinical medicine. Clinical
medicine students have the highest number of students
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in most schools and are most interested in participating
in scientific research during their third year. 61.70% of
students have served as a leader at least once; among
them, 67.53% have received funding at least at the pro-
vincial level (Table 1).

Research skills
Lab techniques
Competence in research means possessing several skills
and abilities to perform specific research. According to

Table 1 Participant demographics and program involvement characteristics

Characteristics Group Number Percentage
Gender Male 94 50%
Female 94 50%
Grade First year 8 4.26%
Second year 37 19.68%
Third year 96 51.06%
Fourth year 34 18.09%
Fifth year 9 4.79%
Graduate 4 2.13%
Major Basic Medical Sciences 17 9.04%
Clinical Medicine 98 52.13%
Stomatology 17 9.04%
Public Health and Preventive Medicine 20 10.64%
Traditional Medicine 1 0.53%
Forensic Medicine 3 1.60%
Nursing 2 1.06%
Pharmacy 14 7.45%
Biological Sciences 13 6.91%
Medical Laboratory Technology 3 1.60%
Age under 18 1 0.53%
18 2 1.06%
19 16 8.51%
20 55 29.26%
21 61 32.45%
22 41 21.81%
above 23 12 6.38
Number of I&E Program participanted in 1 68 36.17%
2 86 45.74%
3 32 17.02%
4 2 1.06%
5 0 0.00%
Participate in the program as Leader® 72 38.30%
Participant 116 61.70%
The highest level of program as leader School level 21 29.17%
Provincial level 32 44.44%
National level 19 26.39%
The highest level of program as participant School level 33 28.45%
Provincial level 61 52.59%
National level 22 18.97%

2 If a participant has been involved in two or more |E Program and has been as a leader at least once, they are classified as leader
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the survey in this study, many students became famil-
iar with laboratory techniques. The data are shown in
Fig. 1A. Among the participants of the innovation pro-
gram, the top three standard laboratory techniques
are cell culture, protein separation and detection, and
Nucleic acid extraction and analysis. Such results may be
influenced by their versatility, applicability across differ-
ent research areas, and ability to provide valuable insights
into cellular and molecular processes.

Although most students have mastered some labora-
tory techniques, there still needs to be a higher level of
proficiency in other techniques and methods among stu-
dents, such as immunological, experimental animal mod-
els, histological techniques, and biochemical analysis.
However, 51 students (27.13%) claimed they didn’t learn
any related methods.

Theoretic research skills
Theoretical research skills are vital for medical students,
fostering critical thinking, research aptitude, and lifelong
learning. Through the I&E Program, many students have
become familiar with or mastered research methods and
techniques. The data are shown in Fig. 1B. Systematic
review and meta-analysis writing (48.40%) and question-
naire surveys (45.74%) are the most common research
methods. These methods play an essential role in scien-
tific research by collecting and organizing research data
and understanding people’s perspectives and opinions.

Data collection and analysis are also essential skills that
many students have acquired (40.95%). Statistical meth-
ods are crucial in research, helping students collect and
analyze data to draw scientific conclusions.

Various epidemiological methods are also techniques
that some students have mastered. These methods are

A

Number
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commonly used in epidemiological research to under-
stand and analyze the spread and impact of diseases.

22.34% of these students have also acquired skills in
bioinformatics. Bioinformatics is an interdisciplinary
field that combines computer science and biology, and
it can be used to analyze and interpret biological data.
Because experimental epidemiological methods often
involve research processes and are closely integrated with
clinical practice, they may not be suitable for undergrad-
uate innovation programs.

Only 26 (13.82%) students have acquired skills in other
disciplines, such as medical engineering and cross-disci-
plinary knowledge. These skills may be related to the spe-
cific programs or research directions they are involved in.
It cannot be denied that only a few students have been
exposed to cross-disciplinary knowledge in medicine.
This is because there is a need for more professionals in
related fields, and students need a greater understanding
of this field.

Data analysis knowledge
Through the innovation program, students are familiar
with or have mastered data analysis in life science. 65.42%
of the students are familiar with or have mastered funda-
mental concepts of statistics (Fig. 1C), commonly used
statistical methods, and analysis steps. This is important
for their ability to analyze and interpret results effectively.
Regarding application ability, over half of the students
select appropriate statistical methods and analyze data
based on the situation. This indicates they have some
data analysis skills and can apply statistical methods to
real-world problems. In data interpretation, 40.95% of
the students can explain the meaning and impact of sta-
tistical results (Fig. 1C). This is crucial for them to draw
meaningful conclusions and inferences from the data.
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Fig.1 A Learning Outcomes in Lab Techniques from the I&E Program. B Learning Outcomes in Theoretic Research Skills from the I&E Program.

C Learning Outcomes in Data Analysis Knowledge from the I&E Program
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Surprisingly, 38.83% of the students can use statistical
software such as SPSS, R, Python, etc. for data analysis.
These software tools are widely used in modern scientific
research, and students have a relatively high level of pro-
ficiency in using them.

Research competencies

According to the research in which students participate,
they can be divided into experimental, epidemiological,
and entrepreneurial programs, and students’ research
capabilities can be investigated accordingly. The I&E Pro-
gram type distribution is shown in Fig. 2.

The curriculum and mentorship focus often influence
the research programs medical students participate in.
Considering schools and mentors prioritize experi-
mental research, medical students are more likely to be
involved in such programs. Meanwhile, Medical students’
backgrounds and interests may align more with experi-
mental programs, making them more inclined to choose
and participate in these types of research. Also, Chinese
hospitals and research organizations often pay more
attention to medical students’ laboratory experience and
achievements when considering different candidates,
leading them to focus more on research related to experi-
mental programs to enhance related skills and competi-
tiveness in the job market.

Epidemiological research (26.60%) and entrepreneurship
programs (9.57%) may need to be adequately promoted
and trained in medical education, resulting in medical stu-
dents’ less knowledge and interest in these fields.

The situation may vary depending on the school, men-
tors, and individual student interests and backgrounds.
For medical students, balancing participation in differ-
ent research programs and improving epidemiological
research and entrepreneurship skills can give them more
opportunities and choices for comprehensive and future
career development.

Total=188
Fig. 2 Distribution of Student Research Programs by Type
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Clinical research competencies

For the students who took part in epidemiological
research, this study adopted CRAI-12 [17], a shortened
version of the Clinical Research Appraisal Inventory, to
assess the confidence of students in performing clinical
research based on self-efficacy theory [19] and social cog-
nitive career theory [20]. The result is shown in Table 2.

Given that most students are not experiment leaders or
only partially involved in the core steps of the program,
the Funding factor in CRAI-12 is not considered.

For most questions, students’ responses are between
“Agree” and “Strong agree,” indicating that most students
believe the program enhances their abilities in the rele-
vant field.

Students often need more confidence regarding ques-
tions involving ethics and other related aspects. This may
be because students, not being the leaders of the experi-
ment, require a certain level of expertise and understand-
ing in ethics. They must also gain experience managing
human resources and working as a team.

Experimental research competencies

For the students who primarily participate in the experi-
mental program, a questionnaire based on AMEE Guide
No. 69 [18] and an assessment from Kansas City Univer-
sity [16] is used to assess their research competencies.
The result is shown in Table 3.

Several factors are considered in the questionnaire,
including curiosity, professionalism, program under-
standing, experimental techniques, analytical ability, and
interpersonal and communication skills.

Students’ responses are concentrated between “Agree”
and “Strong agree,” indicating that most students believe
the program enhances their abilities in the relevant field.

Students exhibit higher confidence in raising questions,
sparking curiosity, enhancing self-learning, improving
critical thinking, searching for professional literature,

Il 63.83% Experiment
@ 26.60% Epidemiology
[ 9.57% Entrepreneurship
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Table 2 Participant ratings on clinical research competencies
Question Average Frequency
score/
Number
The I&E program enhance your ability to design the best data analysis strategy for your study 39
Strong disagree 0.00%
Disagree 4.00%
Neutral 14 28.00%
Agree 21 42.00%
Strong agree 13 26.00%
The I&E program enhance your ability to determine an adequate number of subjects for your research program 37
Strong disagree 0 0.00%
Disagree 5 10.00%
Neutral 14 28.00%
Agree 22 44.00%
Strong agree 9 18.00%
The I&E program enhance your ability to write the results section of a research paper that clearly summarizesand  3.88
describes the results, free of interpretative comments
Strong disagree 1 2.00%
Disagree 1 2.00%
Neutral 11 22.00%
Agree 27 54.00%
Strong agree 10 20.00%
The I&E program enhance your ability to write a discussion section for a research paper that articulates the impor- 3.66
tance of your findings relative to other studies in the field
Strong disagree 0 0.00%
Disagree 3 6.00%
Neutral 14 28.00%
Agree 20 40.00%
Strong agree 1 22.00%
The I&E program enhance your ability to select a suitable topic area for study 38 7.60%
Strong disagree 0.00%
Disagree 4.00%
Neutral 15 30.00%
Agree 24 48.00%
Strong agree 9 18.00%
The I&E program enhance your ability to dentify faculty collaborators from within and outside the discipline who  3.78
can offer guidance to the program
Strong disagree 1 2.00%
Disagree 3 6.00%
Neutral 14 28.00%
Agree 20 40.00%
Strong agree 12 24.00%
The I&E program enhance your ability to set expectations and communicate them to program staff 376
Strong disagree 0 0.00%
Disagree 5 10.00%
Neutral 10 20.00%
Agree 27 54.00%
Strong agree 16.00%
The I&E program enhance your ability to ask staff to leave the program team when necessary 3.68
Strong disagree 4.00%
Disagree 4.00%
Neutral 15 30.00%
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Table 2 (continued)
Question Average Frequency
score/
Number
Agree 22 44.00%
Strong agree 18.00%
The I&E program enhance your ability to describe ethical concerns with the use of placebos in clinical research 3.66 7.32%
Strong disagree 4.00%
Disagree 1 2.00%
Neutral 16 32.00%
Agree 24 48.00%
Strong agree 7 14.00%
The I&E program enhance your ability to apply the appropriate process for obtaining informed consent from 39
research subjects
Strong disagree 1 2.00%
Disagree 2 4.00%
Neutral 11 22.00%
Agree 23 46.00%
Strong agree 13 26.00%

and using literature evidence, likely because these skills
are closely aligned with their academic and career devel-
opment and have been adequately taught and practiced.
However, students need more confidence in understand-
ing the importance of ethics and industry standards and
assessing program strengths and limitations. This may be
due to insufficient course content, less effective teaching
methods, or individual disinterest. Enhancing ethics and
industry standards education and providing more com-
prehensive program assessment training could help boost
student confidence.

Entrepreneurship
Out of 188 students, only 18 students actively partici-
pated in the entrepreneurship program. Most believe
participating in the Innovation and Entrepreneurship
Program helps improve their entrepreneurial skills, but
they need more confidence in leadership (Table 4).
Medicine is highly specialized, and medical students
must dedicate significant time to acquiring medical
knowledge and skills. This may limit their interest in
entrepreneurship. They may be more inclined to focus
on clinical practice and medical research, while medical
schools must provide sufficient entrepreneurship educa-
tion and support.

Data analysis ability

Data is crucial in most life science research, and data
analysis skills are indispensable in enhancing the research
abilities of medical students. Analytic skills enable

medical students to design research studies that are more
robust and scientifically rigorous. They can identify
appropriate variables to measure, select suitable sample
sizes, and determine the most influential research meth-
ods. It allows medical students to interpret and analyze
research findings effectively, identify potential errors or
biases in their research, and proceed with their study
under the guidance of data analysis. Furthermore, a deep
understanding of data means students can critically eval-
uate existing research, which helps them to understand
the importance of evidence. These abilities are of great
significance to students’ academic and career develop-
ment. The assessment result is shown in Table 5.

The innovation and entrepreneurship program posi-
tively impacts students’ data analysis and problem-
solving abilities. Through the program, students can
recognize the importance of data, enhance their abil-
ity to select appropriate statistical measures, accurately
analyze and interpret program results, and proceed with
subsequent processes under the guidance of preliminary
results.

Teamwork and communication

Teamwork and communication skills are crucial for
developing research abilities in medical students today
[14]. The assessment result is shown in Table 6. Col-
laborating with professionals from different disciplines,
such as doctors, researchers, and laboratory technicians,
allows for sharing knowledge and experiences, comple-
menting each other’s expertise, and ultimately improving
the quality and efficiency of research programs. Effective
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Table 3 Participant ratings on experimental research competencies
Question Average Frequency
score/
Number
The I&E program enhance your ability to raise question 392
Strong disagree 1 0.83%
Disagree 5 4.17%
Neutral 25 20.83%
Agree 61 50.83%
Strong agree 28 23.33%
The I&E program sparks your curiosity in a specific field and strengthens your self-learning and self-driven abili- 398
ties.
Strong disagree 1 0.83%
Disagree 1 0.83%
Neutral 28 23.33%
Agree 60 50.00%
Strong agree 30 25.00%
The I&E program helps to improve your critical thinking skills. 393
Strong disagree 1 0.83%
Disagree 4 3.33%
Neutral 24 20.00%
Agree 64 53.33%
Strong agree 27 22.50%
The I&E program helps you understand the importance and significance of ethics and industry standards. 374
Strong disagree 1 0.83%
Disagree 10 8.33%
Neutral 30 25.00%
Agree 57 47.50%
Strong agree 22 18.33%
The I&E program enhances your academic literacy, including academic ethics and awareness of intellectual prop-  3.88 3.24%
erty rights.
Strong disagree 2 1.67%
Disagree 4 3.33%
Neutral 24 20.00%
Agree 66 55.00%
Strong agree 24 20.00%
The I&E program enhances your ability to search for and read professional literature. 4.02
Strong disagree 1 0.83%
Disagree 5 4.17%
Neutral 24 20.00%
Agree 51 42.50%
Strong agree 39 32.50%
The I&E program helps you understand how to use literature evidence to prove your hypothesis. 4.1
Strong disagree 1 0.83%
Disagree 2 1.67%
Neutral 19 15.83%
Agree 60 50.00%
Strong agree 38 31.67%
The I&E program enhances your ability to assess the strengths and limitations of a program. 388
Strong disagree 1 0.83%
Disagree 1 0.83%
Neutral 34 28.33%
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Table 3 (continued)
Question Average Frequency
score/
Number
Agree 59 49.17%
Strong agree 25 20.83%
The I&E program helps you understand how to design and improve experimental procedures or methods based 3.90
on specific conditions.
Strong disagree 1 0.83%
Disagree 4 3.33%
Neutral 29 24.17%
Agree 58 48.33%
Strong agree 28 23.33%
The I&E program helps you understand and identify errors and mistakes in a program, and enables you to avoid or 4.00
correct them through appropriate means.
Strong disagree 1 0.83%
Disagree 2 1.67%
Neutral 24 20.00%
Agree 62 51.67%
Strong agree 31 25.83%
The I&E program helps you master various practical details, including process details. 3.90
Strong disagree 1 0.83%
Disagree 8 6.67%
Neutral 22 18.33%
Agree 60 50.00%
Strong agree 29 24.17%
The I&E program helps you master experimental methods or other skills. 3.98
Strong disagree 2 1.67%
Disagree 2 1.67%
Neutral 22 18.33%
Agree 64 53.33%
Strong agree 30 25.00%

communication is essential throughout the research pro-
cess. Medical students must communicate effectively
with team members, clarify research objectives, dele-
gate tasks, and share progress and results, among other
things. Strong communication skills facilitate collabora-
tion, enhance team cohesion, and improve efficiency.
Whether in future medical practice or medical research,
medical students require effective teamwork and com-
munication skills to learn and work efficiently. The Inno-
vation and Entrepreneurship Training Program typically
involves 3-5 students working under the guidance of 1-2
mentors, providing them with a small-scale team collabo-
ration opportunity. These programs aim to create a sup-
portive and inclusive environment where students can
learn from each other, exchange ideas, and enhance their
problem-solving abilities through practical experience.
Most students agree that participation in innovation
programs develops teamwork and communication skills.
They become better listeners, contributors, and leaders

in team collaborations, and their communication skills
with other team members and academic professionals
are enhanced. However, it is worth noting that there are
still disciplinary limitations in innovation programs, and
there should be an emphasis on increasing the diversity
of disciplines in future programs.

To investigate potential issues related to teamwork in
the I&E Program, one item in the survey was designed to
inquire whether the program leader took on the majority
of tasks, thereby limiting the active participation of other
team members. 62.5% agreed or strongly agreed that they
have taken on most of the program work without assign-
ing tasks for other members to be deeply involved in the
program (Fig. 3). This suggests that the operation of most
innovation programs may be satisfactory with teamwork.

Satisfaction and improvement
On the positive side, 73.93% of students are satisfied with
the innovation and entrepreneurship programs. 77.12%
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Table 4 Participant ratings on entrepreneurship
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Question Average score/Number Frequency
The I&E program improve your problem-solving skills 394
Strong disagree 0 0.00%
Disagree 0 0.00%
Neutral 4 22.22%
Agree 1 61.11%
Strong agree 3 16.67%
The I&E program enhance your ability to manage finances 3.89
Strong disagree 0 0.00%
Disagree 0 0.00%
Neutral 6 3333%
Agree 8 44.44%
Strong agree 4 22.22%
The I&E program enhance your creativity 383
Strong disagree 0 0.00%
Disagree 0 0.00%
Neutral 5 27.78%
Agree 1 61.11%
Strong agree 2 11.11%
The I&E program enhance your ability toto persuade others to agree with you. 394
Strong disagree 0 0.00%
Disagree 0 0.00%
Neutral 4 22.22%
Agree 1 61.11%
Strong agree 3 16.67%
The I&E program enhance your leadership skills. 372
Strong disagree 0 0.00%
Disagree 0 0.00%
Neutral 7 38.89%
Agree 9 50.00%
Strong agree 2 11.11%
The I&E program gives you the confidence to make good decisions. 3.89
Strong disagree 0 0.00%
Disagree 0 0.00%
Neutral 4 22.22%
Agree 12 66.67%
Strong agree 2 11.11%

of the students agreed that the I&E Program positively
impacts their research abilities (Table 7). Although stu-
dents have different opinions on whether the I&E Pro-
gram affected their curriculum learning, 61.17% of
students believe participating in the program helps their
learning. Students with good time management and self-
discipline can often effectively balance their research and
course learning. Therefore, they tend to believe that the
program did not affect their compulsory course learning
and didn't experience negative emotions related to the
programs.

On the other hand, students who lack these skills may
need more energy from the program, resulting in insuf-
ficient focus on their compulsory courses and thoughts
of giving up. Other factors also influence this viewpoint.
Some curriculums aim to develop students’ research abil-
ities and even require them to participate in innovation
and entrepreneurship programs. Students may invest
unnecessary energy if the program is too complex, needs
more smooth teamwork, or needs more guidance.

On the negative side, 53.19% of students believe
their programs are vital in theory but weak in practical
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Table 5 Participant ratings on data analysis ability
Question Average Fequency
score/
Number
The I&E program helps you realize the importance of data reproducibility and consistency. 4.02
Strong disagree 1 0.53%
Disagree 3 1.60%
Neutral 37 19.68%
Agree 98 52.13%
Strong agree 49 26.06%
The I&E program enhances your ability to select appropriate statistical measures. 391
Strong disagree 1 0.53%
Disagree 4 2.13%
Neutral 49 26.06%
Agree 90 47.87%
Strong agree 44 23.40%
The I&E program enhance your ability to analyze and interpret program results according to the data correctly 4.06 2.16%
Strong disagree 1 0.53%
Disagree 4 2.13%
Neutral 31 16.49%
Agree 929 52.66%
Strong agree 53 28.19%
The I&E program helps you understand how to proceed with subsequent processes under the guidance of 3.94
preliminary results.
Strong disagree 1 0.53%
Disagree 6 3.19%
Neutral 41 21.81%
Agree 96 51.06%
Strong agree 44 23.40%

implementation. This is due to various reasons, such as
insufficient funds, limited resources, lack of guidance,
and insufficient long-term follow-up. Similarly, 54.25%
of students agreed that their programs had yet to achieve
the expected results due to a lack of support (Table 7).

To understand the purpose of medical students partici-
pating in innovation and entrepreneurship programs, a
multiple-choice question was designed to inquire about
the objectives of their involvement.

Most students participate in the program to enhance
their abilities and improve personal competitiveness, as
they recognize the importance of research skills in their
medical careers during their undergraduate studies. Only
54.78% of students are driven by interest as they engage
in the innovation and entrepreneurship program due to
their curiosity about scientific questions. 35.64% of stu-
dents passively participate in the program, either fol-
lowing the crowd or under the request of their teachers.
26.60% of students agree that they aim to engage in early
career planning. The innovation and entrepreneurship
program is crucial for the career planning of medical
undergraduates, as most of them will pursue a master’s

degree after graduation. This program helps them gain
early exposure to research and determine whether they
aspire to become scientists in the future (Fig. 4).

Since approximately half of the students believed that
their program did not achieve the expected results, a
multiple-choice question was designed to investigate
the difficulties encountered by the students. The result is
shown in Fig. 5. Among them, 78.19% of students faced
problems due to a lack of technical skills and experience,
which is reasonable because most students were initially
exposed to scientific research through innovation and
entrepreneurship programs. 52.12%, 49.46%, and 44.69%
of students, respectively, stated that they encountered
difficulties due to resource limitations, tedious processes,
and insufficient funding. Suggested improvement meth-
ods include providing more support regarding resources
or funding and improving the standard operating proce-
dure, such as enhancing the application procedure and
fund reimbursement.

37.23% of students experienced difficulties due to dis-
ciplinary restrictions, while 32.97% and 35.10% encoun-
tered problems with their mentors and team members.
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Table 6 Participant ratings on team-work and communication
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Question Average Frequency
score/
Number
The I&E program enhances your ability to express opinions and information clearly, as well as to listen and under-  3.98
stand others.
Strong disagree 1.06%
Disagree 4 2.13%
Neutral 38 20.21%
Agree 95 50.53%
Strong agree 49 26.06%
The I&E program enhances your ability to engage in academic communication, including academic writing and 4.02
conference exchanges.
Strong disagree 1 0.53%
Disagree 4 2.13%
Neutral 38 20.21%
Agree 92 48.94%
Strong agree 53 28.19%
The I&E program promotes collaboration with other disciplinary fields, enhancing your ability to apply diverse 3.84 2.04%
skills and knowledge from different domains to solve complex problems.
Strong disagree 3 1.60%
Disagree 1 5.85%
Neutral 41 21.81%
Agree 92 48.94%
Strong agree 41 21.81%
The I&E program enhances your awareness of the importance of team members and strengthens your ability to 395
manage your own emotions and handle the emotions of others.
Strong disagree 1.06%
Disagree 4.79%
Neutral 35 18.62%
Agree 93 49.47%
Strong agree 49 26.06%
The I&E program enhances your ability to identify the strengths of team members. 395
Strong disagree 2 1.06%
Disagree 6 3.19%
Neutral 41 21.81%
Agree 89 47.34%
Strong agree 50 26.60%
The I&E program enhances your ability to plan, analyze, and make decisions within a team. 3.99
Strong disagree 1 0.53%
Disagree 4 2.13%
Neutral 37 19.68%
Agree 99 52.66%
Strong agree 47 25.00%

Measures such as promoting the mentor’s attention to
the program and improving the collaborative mode of
innovation and entrepreneurship programs may be nec-
essary. Some students (23.40%) felt overwhelmed due to
excessive involvement. 25.53% of students needed long-
term tracking and evaluation of their programs, which is
crucial as it ensures the proper utilization of resources

and funding and encourages students to execute their
programs consistently.

Two multiple-choice questions are asked from the per-
spectives of subjective ability enhancement (Fig. 6) and
objective awards and honors (Fig. 7) to inquire about the
gains that students have obtained from the innovation
and entrepreneurship program.
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Hl 9.59% Strong disagree
3 8.22% Disagree

B 20.55% Neutral

[ 28.77% Agree

Bl 32.88% Strong agree

Fig. 3 Agreement Levels among Program Leaders Regarding Task Distribution in the I&E Program

Most students agree that participating in innovation
and entrepreneurship programs can enrich their resume
and develop their career competency. This practical per-
spective is widely accepted among students. More than
half of the students agree that medical students partici-
pate in innovation and entrepreneurship programs to
develop laboratory techniques and clinical research abili-
ties and learn teamwork and self-learning skills. Less than
half of the students intend to improve their communica-
tion and data analysis abilities, with only 34.57% express-
ing a desire to enhance their entrepreneurial skills (Fig. 6).

The I&E Program has been highly beneficial for medi-
cal students. 54.26% of students gained competition
awards and honors through their experience in the pro-
gram. 62.77% of students acknowledged that their net-
work was improved, which would benefit their future
careers. 30.85% and 13.83% of students directly or indi-
rectly obtained articles or patent publications due to the
program. 41.49% of students have gained public speaking
experience, which could be their first academic presen-
tation, contributing to their development as capable and
confident researchers (Fig. 7).

Discussion
Historically, I&E education has focused on business
[21], but it’s now expanding into medical education due
to evolving healthcare demands [22]. We indicate the
necessity of emphasizing the importance of the I&E
program in China. Our survey targets students, but the
primary obstacle to promoting this medicine program is
the need for teachers to become familiar with I & E con-
cepts, resulting in a shortage of new teaching methods
[9]. Solutions to this issue include enhancing interdisci-
plinary collaboration between schools such as design,
engineering, and architecture faculties and continuous
faculty training to foster understanding of entrepreneur-
ial/innovative concepts.

I&E education is key to boosting the employability of
medical students [4]. Our study shows that students

enhance teamwork, communication, and clinical research
skills, aiming to increase competitiveness through these
programs. They achieve awards, expand academic net-
works, and publish articles or patents. What’s more, the
program helps educators link interests to future careers,
enhancing students’ satisfaction with career planning.
According to surveys conducted in many countries,
incorporating research as a part of undergraduate medi-
cal education is considered a potential approach to lay
the foundation for future physician-scientists [23, 24].
This may be the direction for developing the I&E Pro-
gram in China. Students typically view their experiences
in medical school research as favorable, often finding
them stimulating in generating interest in research and
cultivating scholarly research skills [25]. In our study,
medical students who have participated in the I&E Pro-
gram not only objectively acquire a variety of labora-
tory or theoretical research techniques and methods
but also subjectively gain confidence in their potential
to become future scientists, entrepreneurs, and collabo-
rative team members based on the Self-Efficacy Theory
[19] and Social Cognitive Career Theory [20]. The theory
of self-efficacy states that believing in your ability to do
something makes you more likely to succeed at it. Social
cognitive career theory connects the anticipation of
favorable results and achievements in specific behaviors
to the inclination to pursue a career that demands these
behaviors. Confidence doesn’t always mean ability, but
being more confident and interested in clinical research
shows that research training is helpful [26].
Undergraduate research is essential for progress in
clinical medicine. Early research training linked to health
practices helps tackle global health challenges effectively
[27]. Surveys and our research indicate that undergrad-
uate medical students generally hold a favorable view
of scientific research [28, 29]. However, the number
of research students still needs to be higher [30]; they
encounter several obstacles that hinder their engage-
ment and contribution to the initiation and advancement
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Table 7 Participant satisfaction and improvement ratings for the I&E program
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Question Average score/ Frequency
Number
You are generally satisfied with the I&E program 3.90
Strong disagree 2 1.06%
Disagree 10 5.32%
Neutral 37 19.68%
Agree 95 50.53%
Strong agree 44 23.40%
Your program is strong in theory, but weak in practical implementation 348
Strong disagree 7 3.72%
Disagree 24 12.77%
Neutral 57 30.32%
Agree 71 37.77%
Strong agree 29 1543%
Your I&E program did not achieve the expected results due to insufficient support in objective resources 354
(funding, equipment, etc.)
Strong disagree 4 2.13%
Disagree 25 13.30%
Neutral 57 30.32%
Agree 70 37.23%
Strong agree 32 17.02%
The undergraduate compulsory courses are affected by the I&E program 3.01
Strong disagree 17 9.04%
Disagree 48 25.53%
Neutral 56 29.79%
Agree 51 27.13%
Strong agree 16 8.51%
Curriculums benefit from the I&E program 3.66
Strong disagree 3 1.60%
Disagree 14 7.45%
Neutral 56 29.79%
Agree 86 45.74%
Strong agree 29 15.43%
Participation in innovation and entrepreneurship programs has a positive impact on the research abilities ~ 3.98
for medical students.
Strong disagree 1 0.53%
Disagree 5 2.66%
Neutral 37 19.68%
Agree 98 52.13%
Strong agree 47 25.00%
You may experience negative emotions and even have thoughts of giving up due to the I&E program 3.08
Strong disagree 15 7.98%
Disagree 44 23.40%
Neutral 64 34.04%
Agree 41 21.81%
Strong agree 24 12.77%
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of scientific projects. They need to balance their projects
with their studies while investing more time and interact-
ing with their tutors. It is worth noting that instruction
from teachers is important in accomplishing the project
[31]. On the other hand, students complain about inad-
equate funding. Approximately half of the students feel
their programs need more support during implementa-
tion and fail to achieve the expected outcomes.

Contrary to what one might expect, most students do
not believe the I&E Program will impact their manda-
tory coursework. More than half of the students believe
that participating in the I&E Program contributes to their
learning in required courses. This could be attributed
to the fact that I&E education is woven into numerous
undergraduate mandatory compulsory courses, and stu-
dents recognize the significance of their current career
planning. According to a previous study, there is a sub-
stantial overlap in crucial attributes from both profes-
sional and research standpoints [5], indicating a close
integration between that research and the curriculum.

Most students expressed satisfaction with the pro-
grams. Students’ enjoyment contributes to enhancing
their learning outcomes [32]. However, it’s noteworthy
that many students have experienced negative emotions
during the I&E Program and have even contemplated
giving up. Further investigation is needed to uncover
the specific reasons behind these experiences. What can
be confirmed is that some students noted a disconnect
between theoretical knowledge and practical implemen-
tation. Challenges included technical skill gaps, resource
limitations, mentor issues, and team dynamics. Students
highlighted the need for improved support, resources,
and streamlined procedures.

According to the General Medical Council’s Tomorrow
Doctor, teamwork is an important learning goal in medi-
cal curricula. Efficient health systems feature continuity,
physician-patient partnerships, teamwork among health-
care providers, and inter-facility communication [33].
However, 35.10% of students reported teamwork difficul-
ties, and 62.5% of program leaders acknowledge that they
have taken on most of the work in the program, implying
that other team members may have made minimal con-
tributions and are likely to have yet to gain any skills. In
such a situation, the data they provide may deviate from
the actual impact of the I&E Program. To address these
challenges, the I&E Program may benefit from imple-
menting structured team-building exercises and foster-
ing a culture of open communication and mutual respect
among participants.

Based on teamwork, interdisciplinary collaboration is
also essential for medical students as it improves their
clinical skills and equips them with the ability to navigate
the complexities of modern healthcare, foster innovation,
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and provide high-quality patient-centered care [34]. Con-
sidering students’ epistemic backgrounds, individual
learning preferences, and the potential for synergy is cru-
cial when designing interdisciplinary educational courses
for a meaningful and effective learning experience [35].
As previously mentioned, multidisciplinary collaboration
between medical schools and other schools also helps to
improve I&E pedagogy.

When asking students for suggestions for improve-
ment regarding the I&E Program, the most common
complaints revolved around insufficient funding, often
requiring them to self-finance or seek instructor assis-
tance. In 2023, Central South University reduced its sup-
port for medical innovation projects. This reduction is
evident as the number of projects receiving provincial
or national-level support dropped to 173, a significant
decline compared to 353 in 2022 and 291 in 2021. Addi-
tionally, there has been a notable increase in projects
receiving less financial support, with most projects (56%)
not receiving any financial backing [3]. Even the highest
level of funding support is considered insufficient (about
10,000 ¥).

There needs to be more interest in research careers
among medical students upon graduation in the US
[36]. This is accompanied by a declining number of MDs
seeking support from the NIH loan repayment program,
a growing age at which physicians achieve their first R01
grant success, and fewer physicians considering research
as their primary work activity [37]. In China, a similar
situation of decreased or stagnant research funding is
also occurring. The number of programs funded by the
National Natural Science Foundation Of China (NSFC)
in 2023 has reached 48,785, an increase of 468 com-
pared to 2022. However, amidst a significant rise in the
total number of program applications, the funding ratio
continues to show a declining trend [38]. These trends
raise concerns about the stability of the research career
path. Furthermore, 2023 also witnessed the NSFC’s ini-
tiative to start providing research funding to under-
graduate students. Considering these challenges, one
recommendation for improvement is to enhance sup-
port for medical innovation programs, especially for
undergraduate students, to encourage more aspiring
physician-scientists.

The I&E Program could benefit from more innovation,
as medical students often struggle to select research top-
ics on their own. Improving the program may involve a
budget increase and adopting active, interdisciplinary
teaching methods to better engage students in research
and provide more support. In conclusion, overcoming
challenges with more support and mentorship prepares
students for future careers through research and interdis-
ciplinary education.
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Limitation

Our questionnaire survey aimed to understand the basic
situation of innovative education in medical schools in
our country. The cross-sectional design and lack of a con-
trol group are limitations of this study. The online ques-
tionnaire distribution may lead to subjective and recall
biases. Due to inconsistencies in concepts, as well as
limitations in the development of the questionnaire, we
identified specific competencies to assess students’ acqui-
sition of I&E competencies from the I&E Program. How-
ever, this may be partial and could be improved upon.
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