DE GRUYTER Global Medical Education 2025; aop a

Fumin Chen, Xiaoqiu Yang, Kun Yin* and Fan Yang*

Innovative strategies for interdisciplinary
medical-engineering education in China

https://doi.org/10.1515/gme-2025-0005
Received February 27, 2025; accepted May 15, 2025;
published online June 16, 2025

Abstract

Objectives: Interdisciplinary medical-engineering educa-
tion is critical for driving scientific innovation and cultivat-
ing next-generation medical-engineering talents. This study
aimed to evaluate medical-engineering education models at
universities in China through case studies, core competency
development, and questionnaire surveys and analyzed key
indicators such as curriculum design, international collabo-
ration, and university-industry partnerships.

Methods: A combination of quantitative and qualitative
methods was used for data collection and analysis. A
questionnaire survey including multi-dimensional investi-
gations was administered to 80 students, 15 student super-
visors, and 10 administrators, yielding 100 valid responses.
Case studies were conducted to explore the best practices in
interdisciplinary talent development.

Results: The survey revealed that although over 80 % of
respondents acknowledged the discipline’s importance, cur-
riculum satisfaction was inadequate (23.08 %), and practi-
cal engagement was limited (19.23 %). Students identified
“resource allocation” and “professional practice” as key
influencing factors, while supervisors and administrators
emphasized the importance of “scientific research” and
“academic exchange.” Case studies indicated that leading
universities promote high-quality medical-engineering tal-
ent through flexible curricula, international collaborations,
and practice-oriented approaches.

Conclusions: Optimizing curriculum design, improving
university-industry collaboration, strengthening practical

Fumin Chen and Xiaoqiu Yang contributed equally to this work.

*Corresponding authors: Kun Yin, School of Global Health, Chinese Cen-
ter for Tropical Diseases Research, Shanghai Jiao Tong University School
of Medicine, Shanghai 200025, China; and One Health Center, Shang-
hai Jiao Tong University-The University of Edinburgh, Shanghai 200025,
China, E-mail: kunyin@sjtu.edu.cn; and Fan Yang, Department of Scien-
tific Research, Renji Hospital, School of Medicine, Shanghai Jiao Tong
University, Shanghai 200127, China, E-mail: yangfan@renji.com

Fumin Chen and Xiaogiu Yang, Department of Scientific Research, Renji
Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai
200127, China. https://orcid.org/0000-0002-9046-3361 (F. Chen)

training, and refining policy support are crucial for
cultivating interdisciplinary talent equipped to meet
modern requirements and drive medical-engineering
innovation.
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Introduction

The concept of medical-engineering disciplines emerged in
the 1970s [1]. The term “medical” refers to fields within
the medical field, including clinical medicine and molecu-
lar biology, while “engineering” encompasses science and
engineering disciplines such as materials science, artificial
intelligence, and mechanical engineering. This intersection
represents the integration and joint innovation between
medical and engineering sciences [2]. In 2009, Susan Hock-
field, the president of the Massachusetts Institute of Tech-
nology (MIT), emphasized the importance of this conver-
gence in her speech at the Science and Technology Policy
Forum of the American Academy of Arts and Sciences [3].
She claimed that the third revolution in life sciences has
begun, characterized by a significant convergence of med-
ical and engineering in the fields of life sciences, physical
sciences, and engineering. Hockfield also emphasized that
funding this research is a vital investment in human health,
environmental well-being, and economic prosperity [3]. The
convergence of medicine and engineering has facilitated
the emergence of diverse application areas such as intelli-
gent diagnostics, advanced medical devices, rehabilitation
systems, and biomedical data modeling, which collectively
reflect the expanding frontiers of interdisciplinary research
in healthcare innovation (Figure 1).

Since the 1970s, leading universities around the world
have established research institutes and centers to pro-
mote interdisciplinary research [4]. For example, the Bio-
X Research Center at Stanford University, established in
1998, focuses on addressing challenges in life sciences [5].
According to the Accreditation Board for Engineering and
Technology (ABET), 148 universities in the United States
offer a total of 150 ABET-accredited education programs
in Biomedical Engineering (BME) or Bioengineering [6].

aoien Access. © 2025 the author(s), published by De Gruyter on behalf of the Shanghai Jiao Tong University and the Shanghai Jiao Tong University School of Medicine
() ITA| This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/gme-2025-0005
mailto:kunyin@sjtu.edu.cn
mailto:yangfan@renji.com
https://orcid.org/0000-0002-9046-3361

2 = F. Chen etal.: Innovative strategies for interdisciplinary medical-engineering education

__ Medical Imaging Technologies L

» @
</

« Radioactive medicine
+electrical engineering

The most transformative

applications of medical
engineering, aiding in early
diagnosis and treatment
planning

MRI, CT, ultrasound, and
PET

Prosthetics and Orthotics

F o

Rcehabilitation medicine+
mechanical engineering
Advances in prosthetics and
orthotics have dramatically
improved the lives of people
with limb loss or physical
disabilities

Prosthetic limbs, robotic
prosthetics, and orthotics

DE GRUYTER

? Applications of medical engineering

Robotic Surgery
o
2 4

g

7

Implantable Devices

Surgical medicine+robot

o Internal medicine +biomedical

engineering engineering

o Implantable devices developed
through medical engineering, medical engineering, enhances
help regulate bodily functions precision and control in

and restore sensory abilities, minimally invasive procedures,

significantly improving patient reducing recovery times and

outcomes improving patient outcomes

o Pacemakers, cochlear implants, Da Vinci surgical system and

and artificial heart valves

minimally invasive procedures

_ Wearable Health Technologies

il

Preventive medicine+ computer
engineering+sensor technology
Robotic surgery, driven by e Wearable devices for health
monitoring have become
integral to personal healthcare
management

Fitness Trackers and
smartwatches, continuous
glucose monitors, and
biosensors

T

=\

Figure 1: Applications of medical-engineering.

In recent years, several top universities in China, such as
Peking University, Tsinghua University, Shanghai Jiao Tong
University, Xi’an Jiao Tong University, and Zhejiang Uni-
versity have established interdisciplinary research insti-
tutes, creating important platforms for such research [4].
In parallel with global trends, China’s higher education
landscape has witnessed a structured evolution in interdis-
ciplinary medical-engineering education, characterized by
the progressive establishment of degree programs, institu-
tional platforms, and policy frameworks that support tal-
ent cultivation and translational research (Figure 2). For
instance, the Med-X Research Institute of Shanghai Jiao
Tong University, which was officially founded in November
2007, focuses on four main areas: Biomedical Engineering,
Biology, Imaging, Nuclear Medicine, and Materials Science
and Engineering. By leveraging the university’s strengths
in clinical medicine, science, and engineering, the insti-
tute aims to address clinical and medical challenges, con-
duct cutting-edge interdisciplinary research, and develop

advanced medical technologies [7]. As of 2024, approxi-
mately 200 universities in China offer Biomedical Engineer-
ing programs, 75 have received approval for the Intelligent
Medical Engineering degree program, and 113 have degree
programs in Medical Imaging Technology [8].

Although interdisciplinary medical-engineering educa-
tion has attracted increasing attention, most existing studies
have remained theoretical, focusing on single-institution
initiatives, or limited to curriculum reforms. Empirical
research that integrates institutional comparisons, com-
petency frameworks, and multi-stakeholder perspectives
— particularly within the Chinese context — remains scarce
[9-11]. To address this gap, our study adopts a compre-
hensive and pragmatic approach that not only compares
leading institutional models but also triangulates survey
data from students, supervisors, and administrators. This
enables a deeper exploration of both structural characteris-
tics and real-world challenges in China’s evolving landscape
of interdisciplinary medical-engineering education.
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Figure 2: Overview of the medical-engineering discipline development.

Therefore, the integration of medicine and engineer-
ing has become an inevitable and compelling trend. Fur-
ther promoting the development of this field and effectively
educating interdisciplinary students is a major concern [4].
In this study, mature interdisciplinary programs are pre-
sented through three real-world case studies. Then, we pro-
pose the core competencies of an interdisciplinary medical-
engineering model. In addition, we present the results of a
survey on the attitudes and perspectives of various stake-
holders towards interdisciplinary research, including stu-
dents, supervisors, and administrators. Finally, the exist-
ing issues and corresponding promotion strategies are pro-
posed based on the responses and experiences of the survey
participants.

Interdisciplinary
medical-engineering model based
on real-world case studies

To provide a representative and diverse understanding of
interdisciplinary medical-engineering education in China,

Foreign Countries

o 148 universities (US)-150
ABET-accredited
undergraduate programs
in Biomedical
Engineering or
Bioengineering

China

200 universities-
biomedical engineering
undergraduate programs
75 universities-intelligent
medical engineering
undergraduate programs
113 universities-medical
imaging technology
undergraduate programs

we selected three leading universities — Tsinghua Uni-
versity, Zhejiang University, and Shanghai Jiao Tong Uni-
versity — as case studies. The selection was based on
the following criteria: (1) each institution has a nation-
ally recognized interdisciplinary medical-engineering pro-
gram with a long development history; (2) they repre-
sent different educational models and institutional strate-
gies; (3) all have demonstrated academic excellence and
international influence in medical-engineering integra-
tion through ABET accreditation, dual-track curricula, or
global collaboration initiatives [12-17]. These institutions
serve as leading examples in the Chinese context and
offer a valuable lens through which to examine the best
practices and challenges in cultivating interdisciplinary
talent.

The School of Biomedical Engineering of
Tsinghua University

The Department of Biomedical Engineering at Tsinghua
University was founded in 1979 with the program offi-
cially launched in 1982. In 2024, the School of Biomedi-
cal Engineering was officially established as a standalone
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academic unit. The school applies engineering principles
and methods to advance life sciences and medicine, focus-
ing on the development of innovative medical instruments,
diagnostic and therapeutic methods, materials, and formu-
lations to improve human health. The program aims to
cultivate academic leaders capable of pioneering break-
throughs in medical-engineering interdisciplinarity and
foster leaders to drive innovation across related indus-
tries [12].

The program offers two tracks: one track for Electronic
Information and the other for Chemical and Biological Sci-
ence. Students must complete a minimum of 170 credits to
graduate. The Electronic Information track includes 44 cred-
its for general courses and 114 credits for specialized courses
and activities, comprising core courses (33 credits), major
courses (56 credits), hands-on activities and summer term
courses (10 credits), a comprehensive thesis (15 credits), and
self-development courses (12 credits). The Chemical and Bio-
logical Science track requires 44 credits in general courses,
116 credits in specialized courses and activities (including
38 credits in basic courses, 53 credits in major courses,
10 credits in practical training sessions and summer-term
courses, and 15 credits in capstone courses), and 10 credits
in self-development courses [13]. From 2020 to 2023, the
program has achieved a 100 % employment rate, with grad-
uates highly valued by academic and industry professionals
for their rigorous training and solid scientific background.
Alumni include professors at prestigious universities and
leaders in the medical device industry, many of whom
have excelled in teaching, research, industry, and manage-
ment [12].

The College of Biomedical Engineering and
Instrument Science of Zhejiang University

The Biomedical Engineering Program at Zhejiang Univer-
sity, established in 1977, was the first biomedical engi-
neering program in China. The School of Biomedical Engi-
neering and Instrument Science was established in 1998.
The school aims to promote students’ innovative capabil-
ities and self-development, train interdisciplinary talent
capable of applying engineering technologies to address
challenges in biology and medicine and advancing the
development of medical instruments. These efforts aim
to provide engineering solutions for disease prevention,
diagnosis, monitoring, treatment, healthcare, and reha-
bilitation. The school has established extensive research
collaborations with international universities and institu-
tions. It hosts numerous international conferences and
maintains exchange and joint training programs with
prestigious universities in the United States, the United
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Kingdom, Japan, the Netherlands, Australia, and Republic of
Singapore [14].

The program requires a minimum of 178.5 credits for
graduation, including 83.5 credits in general education, 23
credits in basic professional courses, 52 credits in special-
ized courses, 6 credits in personalized courses, 3 cred-
its in interdisciplinary courses, 3 credits in international
courses, and 8 credits in other courses [15]. Graduates secure
high-quality employment, with many joining top compa-
nies such as General Electric Company, Siemens, Philips,
and United Imaging in the medical instrument and imaging
fields. Others pursue careers in information technology (IT)
at Alibaba, Huawei, Baidu, or Google, or work in leading
hospitals. Approximately 60 % of the graduates choose to
pursue further studies, often at top institutions such as MIT,
Yale University, Johns Hopkins University, Georgia Institute
of Technology, and the National University of Singapore [16].

The School of Biomedical Engineering of
Shanghai Jiao Tong University

The origin of Biomedical Engineering at Shanghai Jiao Tong
University can be traced back to the founding of the Biomed-
ical Instrumentation Program in 1979. In 2011, the School
of Biomedical Engineering was established, which remains
the only Biomedical Engineering program in China that
received international ABET accreditation in 2019 [7]. The
school is dedicated to interdisciplinary research between
medicine and engineering and the promotion of innovative
talents. Through collaboration with industry, international
exchange programs, and other initiatives, the school pro-
vides extensive learning and exchange platforms for stu-
dents and continuously improves the quality of education in
line with the ABET international professional accreditation
standards [17].

The program requires a minimum of 162 credits for
graduation, consisting of general education courses (42
credits), specialized education courses (87 credits), profes-
sional practice courses (21 credits), interdisciplinary mod-
ules (6 credits), and personalized modules (6 credits). Pro-
fessional practice courses account for 12.96 % of the total
credits. To date, the program has trained over 1,600 students,
more than 65 % of whom have gone on to graduate study
at leading institutions such as Harvard University, Stan-
ford University, Columbia University, Johns Hopkins Uni-
versity, Duke University, Tsinghua University, and Shanghai
Jiao Tong University School of Medicine (which offers a
four-year Doctor of Medicine program). Graduates achieve
nearly 100 % employment, excelling in the fields of medical
technology, hospitals, Internet industries, and investment
banking (Table 1) [17].
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Table 1: Career paths for graduates in medical-engineering interdisciplinary fields.

Career path Institutions/organizations

Master or PhD study

Massachusetts Institute of Technology, Yale University, Georgia Institute of Technology, the National University of

Singapore, Harvard University, Stanford University, Columbia University, Johns Hopkins University, Duke University,
Tsinghua University, and Shanghai Jiao Tong University School of Medicine

Tertiary hospitals

Peking Union Medical College Hospital, West China Hospital of Sichuan University, The First Affiliated Hospital of Zhejiang

University, Shanghai Jiao Tong University School of Medicine Affiliated Ruijin Hospital, and Shanghai Jiao Tong University

School of Medicine Affiliated Renji Hospital
IT industries Alibaba, Huawei, Baidu, and Google
Medical device industries
Investment banking

Corporation Securities

General Electric Company, Siemens, Philips, and United Imaging
Goldman Sachs, Morgan Stanley, China International Capital Corporation, and China International Trust and Investment

IT, information technology.

Core competencies of the
interdisciplinary
medical-engineering model

Competency framework

The competency framework for interdisciplinary medical-
engineering education emphasizes the integration of multi-
disciplinary knowledge and the cultivation of innovative
thinking. Mastery of key theories and methodologies in both
medicine and engineering is essential. In medicine, this
includes fundamental disciplines, such as molecular biol-
ogy, anatomy, physiology, and pathology, whereas in engi-
neering, it includes areas such as signal processing, materi-
als science, and systemic modeling. Additionally, the ability
to translate medical challenges into technical solutions is
crucial. This requires professionals to identify and define
problems from a medical perspective and develop viable
technical solutions. In addition, interdisciplinary teamwork
and effective communication are equally important, as they
enable researchers to bridge disciplinary gaps and ensure
the successful completion of projects.

Awareness and attitudes

Awareness and attitudes form the cornerstone of core com-
petencies in interdisciplinary medical-engineering educa-
tion. These attributes reflect a comprehensive understand-
ing of interdisciplinary integration and a proactive action-
oriented mindset. The key components include sensitivity to
interdisciplinary challenges, recognition of the value of inte-
gration, and a clear vision for achieving interdisciplinary
goals.

Skills and knowledges

Professionals in interdisciplinary medical-engineering
fields require a broad range of skills and knowledge
spanning medicine, engineering, and science. Addressing
complex health problems requires expertise in the clinical
and basic medical sciences (e.g., anatomy, physiology, and
disease mechanisms), engineering (e.g., biomechanics,
signal processing, and medical device design), and
natural sciences (e.g., physics, chemistry, and materials
science). This multi-dimensional knowledge base enables a
comprehensive understanding of the technical challenges
in the healthcare sector and their solutions.

Collaboration skills

Effective collaboration among interdisciplinary teams is
central to the success of medical-engineering projects.
Team members must bridge disciplinary boundaries by
understanding and respecting each other’s terminology
and culture. Therefore, project management is one of the
core collaborative skills that facilitates the coordination
of resources and time and innovative thinking by helping
team members cross traditional disciplinary boundaries
and propose solutions. Continuous collaboration and learn-
ing improve research quality and promote technological
progress.

Principles of communication

Efficient communication is a basic principle of interdis-
ciplinary collaboration. This requires respect for diverse
perspectives and the ability to convey information clearly
and precisely across disciplines. An inclusive environment
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should be created to encourage open discussion and innova-
tive thinking. When technical terminology is used, provid-
ing appropriate explanations ensures mutual understand-
ing among collaborators.

Principles of collaboration

Interdisciplinary collaboration in medical technology
emphasizes shared goals and collective responsibilities.
Participants from different fields, including medicine,
academia, industry, and government, should be treated
equally to foster mutual respect and trust. The open
exchange of knowledge, experience, and resources is
crucial for addressing global health challenges and
achieving sustainable development. Long-term stable
partnerships are essential to advance the field and ensure
the continuity of joint efforts.

Strategies for competency enhancement

Improving core competencies in medical-engineering inter-
disciplinary education requires a multi-faceted approach
that includes education, training, and practical experi-
ence. Universities should offer interdisciplinary courses
that integrate basic knowledge and emerging technologies
in medicine, engineering, and life sciences. Continuing edu-
cation opportunities such as workshops and seminars allow
practitioners to update their skills. Practical experience in
the form of internships and research projects bridges the
gap between theory and real-world applications, fostering
innovative problem-solving skills.

Building knowledge systems

Developing a robust knowledge system in interdisciplinary
medical-engineering education means training profession-
als who can tackle complex health and technical challenges.
Core subjects in medicine, engineering, and science provide
a solid theoretical foundation, whereas electives in areas
such as health promotion, engineering technology, and
artificial intelligence offer opportunities for specialization.
Practical applications through internships and research
projects enhance understanding and promote innovation.

Developing leadership and teamwork skills

Leadership and teamwork are critical in interdisciplinary
endeavors. Leaders must define research goals, facili-
tate collaboration, and translate results into practical
applications. Effective leadership includes fostering talent
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development through structured plans and growth opportu-
nities. Teamwork ensures the efficient integration of diverse
expertise and contributes to the success of interdisciplinary
projects.

Fostering logical and systemic thinking skills

Logical and systemic thinking is essential for the compre-
hensive management of health challenges. Systemic think-
ing enables professionals to analyze problems holistically,
identify critical issues, and develop effective solutions. Log-
ical thinking is sharpened through involvement in practical
projects, where theoretical knowledge is applied to real-
life scenarios. Exposure to different perspectives further
enhances problem-solving skills.

Enhancing communication and conflict resolution skills

Strong communication and conflict-resolution skills are
essential for successful interdisciplinary collaboration in
medical technologies. Professionals must understand and
apply the communication principles to ensure clarity and
mutual understanding. Resolving conflicts requires active
listening, empathy, and the ability to propose constructive
solutions to avoid misunderstandings and promote com-
mon goals.

Status of interdisciplinary
medical-engineering models in
China

Research methods

A comprehensive questionnaire survey was administered
to 105 respondents, including 80 students, 15 supervi-
sors, and 10 administrators. Three different questionnaires
were designed for each group, comprising five sections:
“respondent category,” “basic information,” “perceptions of
medical-engineering education,” “factors affecting medical-
engineering education,” and “recommendations to promote
medical-engineering education.” The questionnaires con-
tained 39, 55, and 57 questions for the students, supervi-
sors, and administrators, respectively. A total of 100 valid
responses were collected and subjected to statistical anal-
ysis. This study aimed to evaluate the views of these stake-
holders and identify obstacles and opportunities to optimize
interdisciplinary medical-engineering models in China.
The sample size of 100 was determined based on
data saturation principles and guided by a pilot study,
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Xiamen University

Nanjing University of Science and Technology
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Process equipment and control
Robotics engineering
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which indicated sufficient variability across stakeholder
groups. Participants were recruited from 11 universities
(Table 2) that offer programs related to medicine, engineer-
ing, or interdisciplinary training. Stratified purposive sam-
pling was used to ensure diversity in geography, univer-
sity type (e.g., research-intensive and application-oriented),
and disciplinary background. This selection strategy aimed
to reflect the varied landscape of interdisciplinary educa-
tion in China and enhance the representativeness of the
findings.

To ensure the quality and clarity of the instruments, the
questionnaires underwent expert review and were piloted
with a small group of respondents (n=10) from different
roles (students, supervisors, and administrators). Feedback
from the pilot was used to refine item wording, structure,
and response scales. The final versions of the questionnaires
demonstrated good content validity and were structured to
capture perceptions across five domains, as detailed in the
section above.

Analysis of respondents’ demographic
characteristics

Of the 100 valid responses, 78 were from students, 14
from supervisors, and 8 from administrators. In the stu-
dent group, 62 respondents were male (79.4 %) and 16 were
female (20.5 %). The participants came from 11 universities,
including Shanghai Jiao Tong University, Dalian University
of Technology, and Central South University (Table 2), rep-
resenting 10 schools (e.g., aerospace engineering, medicine,
and automation) and 12 majors (e.g., aerospace engineering,
clinical medicine, and pharmacy) (Table 2). Academic levels
included first year (20.5 %), second year (35.9 %), third year
(19.2 %), fourth year (9.0 %), and graduates (15.4 %). Most
students had a Bachelor of Engineering (89.7 %), followed

by Bachelor of Medicine (5.1%) and Bachelor of Science
(5.1 %).

Among the supervisors, 57.1 % were male and 42.9 %
were female. Age groups included <30 years (14.3 %), 31-45
years (42.9 %), 46—59 years (35.7 %), and >60 years (7.1 %)
(Figure 3A). Professional ranks varied, with five senior,
three associate senior, three mid-level, and three junior
faculty members (Figure 3C). Most supervisors held doc-
toral degrees (92.9 %), and 7.1% had a master’s degree.
Current research areas included medicine (71.4 %), engi-
neering (21.4 %), and others (7.14 %). In terms of aca-
demic background, 78.6 % had obtained degrees in the
same field, whereas 14.3 % had degrees in a related field.
Supervisors worked predominantly at traditional academic
schools (50 %), with 42.9 % of them affiliated with medical
institutions.

Among the administrators, there were five males
(62.5 %) and three females (37.5 %). The age distribution was
27-45 years (62.5 %) and 46—59 years (37.5 %) (Figure 3B).
The professional ranks included seniors (25 %), associate
seniors (25 %), intermediates (37.5 %), and juniors (12.5 %)
(Figure 3C). Regarding educational background, 50 % had
degrees in the same field, 25 % from related field, and 25 %
from unrelated field. The highest degrees were in medicine
(37.5 %), science (37.5 %), and literature (25 %).

Evaluation of perceptions on the cultivation
of medical-engineering students

Interdisciplinary medical-engineering education is of cru-
cial importance for overcoming complex social challenges.
However, the perception of those involved shows that there
are gaps between expectations and implementation.

The results of the survey showed that although over
50 % of students were familiar with medical-engineering
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Figure 3: The demographic characteristics of respondents. (A) Age distribution of supervisors; (B) age distribution of administrators; (C) professional

rank categories of supervisors and administrators.

interdisciplinarity, their understanding was only superfi-
cial. Despite this, 58.97 % expressed an interest in inter-
disciplinary programs and 60.26 % viewed their current
education as conducive to development. Notably, about
80 % emphasized the need for interdisciplinary programs
(Figure 4A), although only 23.08 % were satisfied with
the current efforts (Figure 4B), indicating a disconnection
between student aspirations and the practical limitations of
institutions.

More than 70 % supervisors showed interest in inter-
disciplinary education and unanimously recognized its
importance (Figure 4A). However, 50 % rated their current
efforts as moderate, and 64.29 % perceived their discipline’s
integration as suboptimal. Project-based models, interdis-
ciplinary degrees, and interdisciplinary admissions, which
were endorsed by over 90 % of the supervisors, were iden-
tified as the most effective strategies (Figure 4C).

Although 87.5 % of the administrators expressed con-
cerns about interdisciplinary education and recognized its
importance (Figure 4A), only 25 % felt that current efforts
were effective. All respondents emphasized the need for
dedicated national modules, endorsing project-based and
curriculum-driven models as impactful (Figure 4C).

These findings underscore the growing consensus on
the significance of interdisciplinary medical-engineering
education while highlighting systemic shortcomings in
implementation. Addressing these challenges requires a
concerted effort to align stakeholder expectations, optimize
institutional frameworks, and create supportive national
policies, paving the way for robust and effective educational
models in this critical domain.

Evaluation of influential factors affecting the
cultivation of medical-engineering students

To comprehensively evaluate the factors that influence
the effectiveness of interdisciplinary medical-engineering
education, a matrix covering 11 key aspects was used.
These include training objectives, curriculum design, sci-
entific research, academic exchange, professional practice,
thesis supervision, mentoring, institutional arrangements,
assessment and evaluation, disciplinary organization, and
resource allocation. Each factor was scored on a scale rang-
ing from 1 (significant obstacle) to 5 (highly favorable), and
feedback from students, supervisors, and administrators
was analyzed.
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Figure 4: Stakeholders’ perceptions of interdisciplinary medical-engineering education. (A) Proportion of students, supervisors, and administrators
who perceive interdisciplinary medical-engineering education as important; (B) students’ satisfaction level with current interdisciplinary training in
their programs; (C) preferred interdisciplinary education models among supervisors and administrators. Values indicate the percentage of
respondents selecting each option.
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For students, the average score of all factors was 3.97,
with professional practice and resource allocation scor-
ing the highest at 4.01 (Figure 5A). However, collaborative

A Training objectives
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teaching (19.23 % satisfaction) and teamwork (12.85 % sat-
isfaction) were significant weaknesses. Only 6.41% of
the students frequently participated in interdisciplinary
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Figure 5: Evaluation of key factors influencing
interdisciplinary education by different stakeholder
groups. (A) Mean scores reported by students; (B)

Professional practice mean scores reported by supervisors; (C) mean

Degree thesis

scores reported by administrators. 1=significant
obstacle, 5=highly favorable; “Subtotal” represents
the average score across all 11 dimensions for each
group.
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activities and none of them had led research projects.
Insufficient facilities and support for interdisciplinary train-
ing have also been highlighted. Despite these challenges,
98 % of the students believed that interdisciplinary educa-
tion improved their skills, research outcomes, and career
prospects.

Supervisors provided an average score of 3.99 for all
factors, with scientific research and training objectives scor-
ing highest at 4.21 and 4.14, respectively (Figure 5B). Super-
visors emphasized promoting innovative thinking, enhanc-
ing practical skills, and improving research capabilities
as key objectives for medical-engineering education. Most
supervisors were in favor of interdisciplinary course offer-
ings and actively encouraged student participation. They
identified specific combinations of disciplines, such as Car-
diovascular Medicine and Biomedical Engineering, Medi-
cal Imaging and Biomedical Engineering, and Pharmacy
and Chemical Engineering, as most suitable for interdisci-
plinary training. An estimated 65 % of supervisors reported
involvement in interdisciplinary research, with the major-
ity participating in projects supported by national, provin-
cial, or industrial sponsors. Supervisors also highlighted the
dual-supervisor system as a preferred mentoring approach
and agreed that interdisciplinary education significantly
improves student skills, research outcomes and thesis
quality.

The administrators rated the influencing factors at
an average of 4.00, with academic exchange (4.63), scien-
tific research (4.38), and professional practice (4.38) receiv-
ing the highest ratings (Figure 5C). Despite these ratings,
only 25% of administrators reported that their institu-
tions clearly defined interdisciplinary training objectives.
Funding, information-sharing platforms, technical support,
and organizational structures were identified as insuffi-
cient to support interdisciplinary programs. Administra-
tors recognized key indicators for evaluating progress in
interdisciplinary education, including the value and vol-
ume of research outcomes, talent cultivation, and number
of funded projects. While most institutions still rely on
single-supervisor system, staff members consider the dual-
supervisor system to be more effective for interdisciplinary
education.

These findings indicated critical gaps in collaborative
teaching, institutional support, and practical opportuni-
ties, emphasizing the need for targeted improvements to
enhance interdisciplinary medical-engineering education.
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Evaluation of recommendations for
advancing the cultivation of
medical-engineering students

After analyzing the perceptions of those involved and the
influencing factors, specific challenges and recommenda-
tions were identified to promote interdisciplinary medical
engineering education.

Students pointed out three main challenges: incom-
plete curriculum systems, insufficient depth of scien-
tific research, and weak professional practice components
(Figure 6A). They emphasized the need to strengthen profes-
sional practice opportunities, clarify educational objectives,
and optimize curriculum design (Figure 6B). Other recom-
mendations include the establishment of specific interdis-
ciplinary programs supported by national policies. These
programs would allow students to earn dual degrees in
medicine and engineering, qualify for certifications in both
fields, and access diverse career opportunities. Students
also called for increased investment in cross-disciplinary
research, with an emphasis on practical applications and
not just publications. Enhanced facilities and resources,
including laboratories and training sites, are also strongly
recommended to meet the demands of interdisciplinary
education.

Supervisors identified similar challenges including
weak components of professional practice, insufficient inte-
gration of scientific research, and inadequate resource
allocation (Figure 6A). They recommended strengthening
professional practice, refining education objectives, and
improving resource distribution (Figure 6B). Supervisors
also suggested fostering stronger collaborations between
universities and industries to provide students with prac-
tical enterprise-based learning opportunities. In addition,
they advocated minimizing administrative interference in
interdisciplinary research projects to allow more auton-
omy and flexibility. The supervisors were unanimous in
their support for the inclusion of specific modules for
medical-engineering in the national disciplinary catalog,
which would formalize the field and promote sustainable
development.

Administrators emphasized weak professional prac-
tice components, inadequate institutional arrangements,
and incomplete curriculum systems as major barriers
(Figure 6A). They recommended strengthening profes-
sional practice, deepening scientific research integration,
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Figure 6: Identified challenges and recommended strategies for improving interdisciplinary medical-engineering education. (A) Percentage of
respondents identifying each issue as a major challenge; (B) percentage of respondents endorsing each strategy for improvement. Values indicate the

proportion of respondents from each stakeholder group who selected each item.

and refining institutional policies to better support inter- These recommendations underline the urgency
disciplinary education (Figure 6B). Specific suggestions of addressing structural and operational challenges in
include improving communication between departments, interdisciplinary education. By aligning training objectives,
supervisors, and students to address mismatches between optimizing institutional frameworks, and implementing

needs and expectations. The staff also called for the supportive national

medical-engineering

establishment of platforms to facilitate interdisciplinary programs can better meet the demands of modern society
collaboration and create mechanisms for effective supervi- and prepare professionals to address complex health

sor selection to improve the quality of mentorship. challenges.
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Theoretical strategies for
improvement

Defining specific educational objectives and
promoting interdisciplinary synergies

To create an effective interdisciplinary medical-engineering
education framework, institutions must define targeted
training objectives that are consistent with societal needs
and emerging technological advances [9]. These objectives
should prioritize the training of professionals capable of
integrating medical insights with engineering solutions to
address complex healthcare challenges. The focus should
be placed on promoting analytical and creative thinking,
interdisciplinary collaboration, and technological adapt-
ability. To achieve cross-disciplinary synergies, traditional
academic silos must be broken down by fostering collab-
oration among faculties, co-developing integrated curric-
ula, and implementing strategies that incentivize interdis-
ciplinary teaching and research. These strategies ensure a
comprehensive approach to education and innovation.

Building evaluation mechanisms and
strengthening quality assurance systems

Robust evaluation mechanisms are essential for assessing
the effectiveness and relevance of interdisciplinary edu-
cation programs. Metrics should be used to evaluate aca-
demic achievement, problem-solving skills, research contri-
butions, and industry preparedness [18]. Regular feedback
from students, faculty members, and external stakehold-
ers should lead to iterative program improvements. Align-
ing quality assurance systems with internationally recog-
nized standards, such as ABET accreditation for engineer-
ing programs, enhances program credibility and competi-
tiveness. In addition, interdisciplinary steering committees
can provide consistent oversight and ensure alignment with
institutional goals, fostering accountability and continuous
improvement.

Practical strategies for
improvement

Innovating teaching approaches and
refining practical training models

Innovative teaching methods, tailored to the unique
challenges of integrating medicine and engineering, are
crucial for effective interdisciplinary education. Active
learning approaches, such as design-thinking workshops,
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problem-based learning, and interdisciplinary hackathons,
foster creativity and practical application [10]. Practical
training should align with industry and clinics by
offering internships in hospitals, biomedical companies,
and research laboratories. Incorporating emerging
technologies, such as virtual reality simulations and
Al-driven data analysis, enriches the learning experience
and prepares students for future career requirements [11].

Optimizing resource allocation and
establishing sustainable support systems

Efficient resource allocation is critical to creating a support-
ive environment for interdisciplinary education. Consoli-
dating funding for interdisciplinary projects, establishing
shared facilities, and providing access to advanced tools and
technologies are essential. Collaborative partnerships with
industry, government agencies, and international research
institutions can enhance resource availability and expand
opportunities for students and faculty members. Univer-
sities should develop centralized platforms to facilitate
resource sharing, interdisciplinary networking, and cross-
sector collaboration. Long-term financial and administra-
tive strategies are necessary to support interdisciplinary
initiatives and to cultivate a culture of innovation and inte-
gration [19].

Conclusions

This study comprehensively examines interdisciplinary
medical-engineering education using a multi-faceted
approach that integrates real-world case studies, core
competency analyses, and stakeholder interviews. Case
studies from leading programs at Tsinghua University,
Zhejiang University, and Shanghai Jiao Tong University
have illustrated diverse and effective education models.
These examples highlight the importance of tailored
curricula, international collaboration, and industry
partnerships in fostering interdisciplinary talent. Tsinghua
University’s dual-track curriculum, Zhejiang University’s
focus on innovative medical devices, and Shanghai Jiao
Tong University’s accredited program demonstrate the
potential of structured practice-oriented education to
advance this field.

The analysis of core competencies highlights the
critical need for robust interdisciplinary frameworks
that integrate multi-disciplinary knowledge, innovative
thinking, and collaborative skills. Essential competencies,
such as logical reasoning, systemic thinking, and conflict
resolution, have emerged as pivotal for addressing complex
challenges at the interface of medicine and engineering.
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These findings underscore the importance of education
models that deliver technical expertise and promote holistic
professional development.

Stakeholder surveys revealed critical gaps in
existing programs, including inadequate resources,
incomplete curricula, and limited opportunities for
professional practice. Despite these challenges, students,
supervisors, and administrators unanimously recognized
the importance of interdisciplinary education and
proposed actionable strategies for improvement. The
key recommendations include increasing investment in
interdisciplinary research, strengthening collaboration
between industry and academia, and refining institutional
framework to better support interdisciplinary initiatives.
Although based on diverse stakeholder inputs, the findings
may still be influenced by limited institutional coverage
and the absence of longitudinal follow-up, which could
be addressed in future multi-institutional and time-series
studies.

By synthesizing findings from case studies, compe-
tency analyses, and stakeholder feedback, this research
presents a roadmap to promote interdisciplinary medical-
engineering education. Addressing the existing gaps and
leveraging proven practices can help institutions cultivate
a new generation of professionals with the skills and vision
needed to drive innovation in healthcare and engineering.
Such efforts are important not only to meet the demands of
modern society, but also to promote sustainable progress in
global health and technology.
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