& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Bobbie Ann Adair White,

MGH Institute of Health Professions,
United States

REVIEWED BY

Nadia Shabnam,

National University of Medical Sciences
Rawalpindi, Pakistan

Thuy Minh Ha,

VinUniversity (VinUni), Vietnam

*CORRESPONDENCE
You Guo
gy@gmu.edu.cn

These authors have contributed equally to
this work and share first authorship

RECEIVED 09 July 2024
ACCEPTED 27 January 2025
PUBLISHED 07 February 2025

CITATION

Yang C, Chen Y, Qian C, Shi F and

Guo Y (2025) The data-intensive research
paradigm: challenges and responses in
clinical professional graduate education.
Front. Med. 12:1461863.

doi: 10.3389/fmed.2025.1461863

COPYRIGHT

© 2025 Yang, Chen, Qian, Shi and Guo. This
is an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,

distribution or reproduction in other forums is
permitted, provided the original author(s) and

the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Medicine

Frontiers in Medicine

TYPE Review
PUBLISHED 07 February 2025
pol 10.3389/fmed.2025.1461863

The data-intensive research
paradigm: challenges and
responses in clinical professional
graduate education

Chunhong Yang", Yijing Chen?, Changshun Qian®,
Fangmin Shi®* and You Guo'#3#>*

tAcademic Affairs Office, First Affiliated Hospital of Gannan Medical University, Ganzhou, China,
2School of Public Health and Health Management, Gannan Medical University, Ganzhou, China,
3School of Information Engineering, Jiangxi University of Science and Technology, Ganzhou, China,
“Medical Big Data and Bioinformatics Research Centre, First Affiliated Hospital of Gannan Medical
University, Ganzhou, China, *Ganzhou Key Laboratory of Medical Big Data, Ganzhou, China

With the widespread application of big data, artificial intelligence, and machine
learning technologies in the medical field, a new paradigm of data-intensive
clinical research is emerging as a key force driving medical advancement. This new
paradigm presents unprecedented challenges for graduate education in clinical
professions, encompassing multidisciplinary integration needs, high-quality faculty
shortages, learning method transformations, assessment system updates, and
ethical concerns. Future healthcare professionals will need not only to possess
traditional medical knowledge and clinical skills, but also to master interdisciplinary
skills such as data analysis, programming, and statistics. In response, this paper
proposes a series of countermeasures, including curriculum reconstruction, faculty
development, developing and sharing resources, updating the evaluation and
assessment system, and strengthening ethics education. These initiatives aim to
help clinical graduate education better adapt to this new paradigm, ultimately
cultivating interdisciplinary talents in medical-computer integration.
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1 Introduction

The rapid progress of information technology, particularly in big data, machine learning
(ML), artificial intelligence (AI), and large language models, is causing a significant
transformation in the paradigm of scientific research. This transformation is especially visible
in the field of clinical research, ushering in a new, data-intensive research paradigm (1). At the
core of this paradigm lies in systematic management and thorough leveraging of real-world
data for comprehensive analysis, thus uncovering the complex connections between health
and disease. This, in turn, drives the advancement of medical knowledge and the evolution of
clinical practice.

In this shifting paradigm, traditional research methods that rely on small-scale sampling
and hypothesis-driven approaches are giving way to exploratory research that leverages big
data and data-driven methodologies (2). This shift in approach empowers medical researchers
to grasp the occurrence, evolution, and therapeutic results of diseases in a more thorough and
organized way, providing solid support for precision medicine and tailored treatment.

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2025.1461863&domain=pdf&date_stamp=2025-02-07
https://www.frontiersin.org/articles/10.3389/fmed.2025.1461863/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1461863/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1461863/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1461863/full
mailto:gy@gmu.edu.cn
https://doi.org/10.3389/fmed.2025.1461863
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2025.1461863

Yang et al.

2 Key features of the data-intensive
research paradigm

In the field of medical science research, there is an increasing
focus on a data-intensive research paradigm, which is revolutionizing
traditional methods and processes. This shift is creating new
opportunities and directions for the field, highlighting the importance
of analyzing and defining its characteristics to predict its future impact.

2.1 Deep application of big data

Big data applications have infiltrated numerous facets of the
healthcare sector, especially in gathering, analyzing, and clinically
applying electronic medical records (3), ergonomic data (4), and
information from wearable devices, showcasing considerable real-
world value and limitless potential. With the expansion and increasing
use of electronic medical record systems, healthcare services have
been able to gather, store, and manage the data created by patients
during the diagnostic and treatment process more efficiently. The
quick gathering of data has supplied an abundance of resources for
clinical research, allowing for a more thorough examination of the
genetic and molecular underpinnings of human health and diseases.
The analysis of multisource, multimodal data presents practical
strategies for precision medicine and personalized treatment
alternatives.

2.2 Rapid progress in artificial intelligence
and machine learning

Artificial intelligence and machine learning are revolutionizing
the healthcare sector, particularly in disease diagnosis, treatment
planning, and supporting clinical decisions (5). By analyzing and
learning from extensive real-world patient data, AI and ML can
identify early signs of diseases that are difficult to detect. They can also
make accurate predictions and early diagnoses when traditional
methods fall short. This capability not only significantly improves
diagnostic accuracy but also enhances the efficiency of disease
diagnosis, enabling patients to receive treatment earlier. When
developing treatment plans, AI and ML can swiftly recommend
personalized medical advice for patients by analyzing historical
patient treatment data and the current patient’s clinical phenotype
characteristics (6). This enhances treatment outcomes and minimizes
the unnecessary use of medical resources and time. Additionally, the
application of Al and ML in clinical decision support aids doctors in
making more accurate and efficient decisions in complex clinical
situations by offering insights and recommendations based on big data
analysis (7). In summary, the integration of Al and ML is gradually
transforming the healthcare industry. By improving diagnostic
accuracy, optimizing treatment plans, and enhancing the quality of
clinical decisions, they provide safer, more effective, and more
personalized medical services to patients.

The application of large language models in clinical data
management underscores the profound integration of AI technology
in healthcare. As an advanced Al technology, large language models
can aid medical professionals in achieving more accurate data
classification, integration, and analysis by deeply learning and
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understanding vast amounts of medical text data (8). This not only
helps medical institutions effectively manage medical records, research
reports, and clinical trial data but also provides robust data and
technical support for disease diagnosis, treatment recommendations,
and patient care. Additionally, the ability of large language models to
process natural language has significantly enhanced the efficiency and
accuracy of understanding, analyzing, and structuring unstructured
text in medical records. This offers a more solid foundation for further
uncovering the value behind the data.

2.3 Unprecedented multidisciplinary
collaboration

Multidisciplinary integration is an innovative and forward-
thinking trend in contemporary research and social practice,
especially in the deep integration of fields such as clinical medicine,
computer science, and statistics (9, 10). This not only broadens the
scope of medical science research but also significantly enhances the
efficiency of medical research and the application of its results. The
high-quality development of clinical medical practice drives
researchers to continuously explore the nature and progression of
diseases. Meanwhile, advancements in computing power and
algorithms provide robust technical support for processing large-scale
health data. Machine learning and statistical methodologies ensure the
scientific validity and accuracy of clinical research outcomes. This
deep interdisciplinary integration not only advances precision
medicine by making disease prevention, diagnosis, and treatment
more personalized and accurate but also fosters the widespread
application of technologies like artificial intelligence and big data in
healthcare, significantly enhancing the quality and efficiency of
medical services. Thus, the integration of multiple disciplines has
emerged as the primary driving force for advancing medical
technology and achieving sustainable, high-quality development
in healthcare.

3 The transformative impact of
data-intensive research paradigm on
clinical studies

The influence of data-intensive research paradigm on clinical
research is growing more significant by the day. In comparison to
conventional methods, data-intensive research paradigm provide
more comprehensive and detailed data support, broadening the range,
depth, and pace of clinical research. With their distinct advantages,
data-intensive research paradigm is revolutionizing clinical research
methodology and is emerging as a primary catalyst in propelling
medical science forward and improving human health.

3.1 Accelerating the evolution of precision
medicine

Precision medicine aims to personalize treatment plans for
patients by considering their individual characteristics such as
genetics, lifestyle, and environment. This approach seeks to improve
treatment outcomes and reduce side effects. Transitioning to a

frontiersin.org


https://doi.org/10.3389/fmed.2025.1461863
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yang et al.

precision medicine model involves three key considerations: (1)
collecting comprehensive data on patients, including genetic and real-
world information, (2) developing advanced analytical tools for
patient stratification and prediction, and (3) integrating these tools
into clinical practice through medical information systems. This data-
intensive research paradigm utilizes big data technologies, high-
performance computing, artificial intelligence, and other advanced
tools to analyze healthcare data and support precision medicine
research effectively.

3.2 Prediction and management of risks
and benefits in disease treatment

The new paradigm of data-intensive research involves combining
multivariate analysis and machine learning to utilize data from various
fields like genomics, clinical phenomics, and imaging for creating
predictive models. This advancement improves the quality and scope
of research on disease treatment risk assessment and interventions,
reducing uncertainty in patient prognosis and treatment outcomes. By
analyzing individual health data, including genetic information,
lifestyle habits, medical history, and environmental factors, machine
learning algorithms can develop complex predictive models to
accurately predict an individual’s future disease risks (11). These
predictions help individuals anticipate potential health risks and
treatment responses, while also providing healthcare professionals
with scientific evidence to customize more personalized interventions
based on the predictive results. This allows for early detection and
intervention to improve treatment effectiveness and reduce side effects.

3.3 Accelerating new drug discovery and
drug repurposing

Data-intensive research is becoming a powerful driving force in
the medical field, particularly in the discovery of new drugs (12). By
analyzing large amounts of data on drug-target interactions, scientists
can quickly and accurately identify new therapeutic targets. This
approach also allows for the discovery of potential new uses for
existing drugs, which can then be validated through experiments to
determine their effectiveness and safety. By utilizing this method, the
drug development process can be accelerated, costs can be reduced,
and the success rate of research and development can be improved.

Moreover, by extensively exploring current drug databases, not
only can new therapeutic uses be uncovered, but robust scientific
evidence for drug repurposing can also be obtained (13). This
significantly enhances medical resources and expands treatment
options for patients. Thus, utilizing data-intensive research in the
realm of new drug discovery undoubtedly paves the way for efficient,
cost-effective, and innovative research and development, thereby
playing a pivotal role in the advancement of pharmaceutical science.

3.4 Developing personalized treatment
plans

As personalized medicine becomes increasingly important in
healthcare, data-intensive research are playing a crucial role in
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developing individualized treatment plans for patients. This research
approach utilizes advanced bioinformatics technologies, big data
analysis, and artificial intelligence algorithms to analyze patients’
genetic backgrounds and disease characteristics. By delving into
patients’ genetic information, biomarkers, and disease progression,
researchers can uncover the underlying mechanisms of diseases and
predict how patients will respond to specific treatments. This
personalized approach not only allows medical experts to tailor
treatment plans to each patient’s unique needs, but also improves
treatment outcomes, reduces unnecessary side effects (14), and
ultimately achieves true personalized medicine. Additionally, this
data-intensive personalized treatment strategy can provide valuable
data support for future medical research, driving innovation and
advancements in the field of precision medicine.

4 Challenges in clinical professional
graduate education

The importance of data science and programming skills is on the
rise in the healthcare sector. However, traditional medical courses do
not focus on developing these abilities. Most medical schools still
adhere to traditional curriculum models that emphasize biomedical
knowledge and clinical skills, providing limited education on modern
medical technologies such as data science and programming.

4.1 Interdisciplinary integration of
data-associated knowledge and skills

In today’s clinical practice, the integration of knowledge and skills
from various disciplines is essential for improving healthcare quality
and supporting patient recovery (15). The rapid advancement of data
science is blurring the lines between medicine and other fields, leading
healthcare teams to adopt a multidisciplinary approach to address
complex clinical challenges. Fields such as computer science and data
analysis are increasingly becoming indispensable in healthcare,
allowing providers to create personalized treatment plans and facilitate
knowledge sharing among team members.

The integration of artificial intelligence and big data in healthcare
is fostering cross-disciplinary teamwork, providing novel approaches
and tools for medical practice, and fueling advancements in healthcare
services. Nevertheless, existing educational frameworks are failing to
equip medical students with the necessary data processing and
analytical capabilities, hindering their capacity to utilize cutting-edge
technology in diagnosing illnesses, devising treatment strategies, and
enhancing healthcare delivery in their professional journeys.

4.2 Urgently needed educational resources
and teaching staff

Educators in the medical data science field need a strong
foundation in medical practice, as well as expertise in mathematics
and statistics. However, there is a lack of high-quality resources for
teaching medical data science. There is a shortage of textbooks and
course content, as well as a lack of teachers who can effectively teach
this material (16). Building a qualified team of medical data science
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educators is a major challenge, as it requires teachers to have in-depth
knowledge of data science, integrate medical expertise, and effectively
teach educational concepts and methods.

Furthermore, teachers must continuously update their knowledge
base to keep pace with the rapidly evolving field of data science. Thus,
forming a diverse and highly qualified team of medical data science
educators requires not only systematic training and professional
development pathways but also collaborative efforts from educational
administrative departments, medical higher education institutions,
and the industry.

4.3 Outdated teaching techniques

Data-intensive research involves actively uncovering in-depth
information within data and exploring unfamiliar subjects. This
process goes beyond learning within a single discipline, emphasizing
the integration of multiple disciplines. By combining knowledge from
various fields, a comprehensive and multi-perspective research
approach is developed. This interdisciplinary integration not only
fosters innovation and breakthroughs in knowledge but also enhances
understanding of complex issues and facilitates finding effective
solutions. Therefore, transitioning from passive knowledge acquisition
to active exploration and from learning within a single discipline to
integrating multiple disciplines is essential for advancing clinical
scientific progress and technological innovation in data-intensive
research. To succeed in the constantly evolving clinical practice
environment and surmount challenges, clinical researchers must
possess a diverse knowledge background, a broad perspective, sharp
insight, and innovative thinking skills (17). This is because the data-
intensive research paradigm requires a focus on developing critical
thinking, communication, collaboration, and creativity skills.

4.4 The evaluation and assessment system
deviates from the genuine requirements

Data-intensive research is becoming more and more important,
particularly in real-world studies. Nevertheless, existing assessment
system frequently fall short in thoroughly assessing students’ skills in
this field. Traditional assessment methods, like standardized tests and
course grades in medical statistics, primarily emphasize students’
ability to memorize and comprehend knowledge. However, they do
not adequately evaluate students’ skills in identifying which clinical
issues can be addressed with existing data and analysis methods or
determining the necessary data and methodological support for
specific clinical problems. The field of data-intensive research
demands students to not only master a vast amount of theoretical
knowledge but also possess high levels of logical thinking, critical
thinking, and innovation. Evaluating these abilities often requires
more in-depth, flexible, and diverse approaches.

As technologies such as big data and artificial intelligence
continue to advance rapidly, the demands for knowledge and skills
in data-intensive research areas are always changing. This means
that assessment system need to be able to adjust to new
requirements quickly by updating their content and methods.
Therefore, to effectively evaluate students’ abilities in these fields, it
is crucial to revamp and modernize the current assessment system,
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creating more comprehensive, adaptable, and forward-thinking
methods that
and potential.

accurately showcase students’ capabilities

5 Response and outlook

In order to meet the needs of clinical professional graduate
students training in the era of data-intensive research, it is essential to
establish a set of thorough strategies. This includes restructuring the
curriculum and enhancing faculty development, sharing and
developing resources, and updating evaluation and assessment system.
Furthermore, it is crucial to improve the ethical awareness and data
protection consciousness of clinical professional graduate students,
ensuring they comply with applicable laws, regulations, and ethical
standards when managing patient data.

5.1 Advancements in medical data science
courses and teaching methods

Creating a medical data science course that combines data science,
statistics, and programming fundamentals offers students a well-
rounded education in data analysis and application. This approach
also encourages students to think creatively and identify clinical
problem-solving skills. To improve learning outcomes, incorporating
case studies and problem-driven learning is essential. Case studies
provide real-world examples that help students connect theoretical
concepts to clinical practical situations, leading to better retention of
memory and increased motivation to learn (18).

Problem-driven learning is a teaching approach that emphasizes
tackling real-world clinical issues throughout the course (19, 20). This
method encourages active participation and helps students develop
teamwork, communication, and problem-solving skills. Moreover, the
stimulated labs provide students with a comprehensive training
platform for pre-course preparation, in-class learning, and post-
course consolidation, allowing them to enhance practical skills and
foster innovative thinking through the integrated three-dimensional
teaching model of “exercise, apply, and innovate” (21). By
incorporating various disciplines like data science, statistics, and
programming basics, and using case studies, problem-solving
activities and stimulated labs (Figure 1), students can improve their
learning efficiency and practical abilities. This sets a strong
groundwork for their future in the field of data-intensive clinical
research.

5.2 Building a team of medical data science
experts

Establishing and strengthening the teaching staff of Medical Data
Science is essential for improving the quality of education and
addressing various training requirements. To accomplish this
objective, medical colleges and clinical training facilities must adopt a
holistic approach. This includes providing thorough and structured
training for existing medical data and statistics instructors, as well as
actively seeking out new faculty members with varied interdisciplinary
backgrounds and extensive real-world experience.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1461863
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

10.3389/fmed.2025.1461863

Yang et al.
[
-
' Expects
Teachers | case-oriented
Guideline interpretation;
) share experiences, latest results e .
qO L Exercise -, N
Students | case-oriented @ ¢
Consolidate knowledge; Classroom experiment cases ",
899 | strengthen clinical h thinki i ini i
strengtnen clinical research thinking Tracking, targeted training \
Focused on clinical challenges 7
Explore solutions to improve
self-directed learning
@ Apply <——: \\\\ b
Data-Intensive Team design projects %,
Multidisciplinary collaboration Research Paradigm Share interim results
Clinical Medicine, Al Computer Write analysis report l'l
Science, and Statistics, etc. 7
<4 ,,//
Case reporting 85.° Innovate <
W
Innovation practices
.J Papers, patents, etc.
Provide professional
and technical support
Jointly solve clinical problems
FIGURE 1
The implementation workflow of problem-driven learning, case studies, and simulated labs in the data-intensive research paradigm.

By offering sustainable opportunities for existing medical data and
statistics instructors to improve their subject knowledge, they can not
only update their thinking and teaching techniques, but also become
proficient in the newest educational technology. This can ignite their
passion for teaching and research, and boost their appeal, presentation,
and impact on student learning.

Bringing in new teachers with varied interdisciplinary educational
backgrounds can inject new perspectives and creative teaching
approaches into medical schools. This can foster interdisciplinary
collaboration and address the growing need for data science skills in
clinical settings. Additionally, a diverse teaching team can better
reflect the disciplinary diversity of clinical practice, providing students
with a broader perspective on clinical medical data.

5.3 Sharing and collaborating on learning
resources

Unprecedented changes are being witnessed in the field of medical
data science education. With the continuous advancement and
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popularization of Internet technology, online courses, open
educational resources, and collaboration among universities have
become crucial for driving educational innovation and enhancing
quality for clinical professional graduate students. By providing a
variety of resources and collaboration models, learners have access to
a wide range of materials and practical opportunities. This opens more
ways to acquire data knowledge and facilitates personalized and
ongoing learning.

The availability of online courses has eliminated barriers
related to location, time, and access to crucial clinical data
resources, making education and training more convenient and
accessible for clinical professional graduate students. By promoting
open clinical data resources, these professionals can access high-
quality educational materials in clinical data science at little to no
cost, including e-books, tutorial videos, and curriculum guides.
This not only reduces the financial burden of learning but also
facilitates the sharing and dissemination of medical data science
knowledge. Additionally, collaborating with non-medical and data
engineering subjects provides clinical professional graduate
students with opportunities for interdisciplinary and cross-cultural
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learning. Through resource sharing, joint research projects, and
academic exchange activities, this collaboration enhances the
learning experience and promotes mutual growth among
universities.

Create a customized learning platform that identifies
behavioral fingerprints from the study habits of clinical professional
graduate students, examining individual learning patterns,
interests, and effectiveness. Through the analysis of this
information, design personalized learning strategies for each
clinical professional graduate students to assist them in mastering
knowledge more efficiently and improving their academic
skills comprehensively.

To sum up, by utilizing online clinical data science courses, open
educational resources, collaborating with non-medical and data
engineering disciplines, and creating personalized learning platforms,
clinical professional graduate students can benefit from a more
accessible, productive, and engaging learning environment. This
approach helps in nurturing medical professionals with a strong focus
on data-intensive research thinking and skills.

5.4 Upgrade the quality assessment system
for training clinical professional graduate
students

The rapid development in data-intensive research fields has raised
higher demands on the overall capabilities of clinical professional
graduate students. Therefore, there is an urgent need in the medical
education sector to develop new assessment systems and standards
that more comprehensively and accurately reflect the abilities of
clinical professional graduate students in this field. This involves not
only assessing skills such as data analysis, data management, and data
interpretation, but also evaluating the innovative ability, critical
thinking skills, and teamwork spirit of clinical professional graduate
students in addressing real-world clinical challenges. Despite scholars’
innovative efforts, such as integrating capability-driven Al teaching
into medical curricula (22) and establishing a multi-platform
collaborative “virtual AI laboratory” for dynamic evaluation of
classroom experimental projects (which comprehensively cover
routine assignments, group projects, and innovation outcomes) (21),
resource constraints remain prevalent. Against this backdrop, the
Al-driven evaluation platform can be streamlined with open-source
frameworks, free cloud computing, and simulation-generated data to
cut costs and ease resource strain through local collaboration.

The new assessment system and standards should cover all
relevant aspects of capabilities in clinical research while also being
flexible enough to adapt to changing needs. Fairness and inclusivity
must be key considerations in the assessment process to ensure that
all clinical professional students could practice and showcase their
abilities. Developing such assessment systems and standards can help
guide educational training programs, provide timely feedback to
students on their progress, and ensure the equitable distribution of
resources in clinical data science education. Collaboration between
clinical medical educators, management experts, and data scientists is
essential to create a scientifically sound and forward-thinking
assessment system and standards through interdisciplinary
cooperation, ultimately contributing to the sustainable development
of medical education.
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6 Ethical considerations for
data-intensive research paradigm

The rapid development of data science and technology has
brought about improvements in efficiency and precision to traditional
healthcare. However, it has simultaneously triggered a series of
profound and complex ethical issues (23, 24). In essence, these
dilemmas are the core wellspring of ethical considerations in the
data-intensive research paradigm, meriting our utmost attention. The
foremost issue is the challenge of privacy protection. In the process
of data acquisition and utilization, although countries are
strengthening the regulation of medical data, the pace of technological
iteration far outpaces the update of regulations, highlighting a
significant contradiction (25, 26). Secondly, the transparency of Al
decision-making warrants critical attention. The “black-box” nature
of algorithms makes it difficult to clarify the attribution of
responsibility in cases of decision-making deviations. The absence of
transparency and an accountability mechanism not only endangers
patients’ health but also exposes medical institutions and doctors to
legal and moral risks. Therefore, it is reccommended to construct an
interpretable AI framework and establish clear demarcations of
responsibility (27).

Furthermore, due to potential data biases, algorithms may
generate unfair assessment results (28). This requires educators to
transform from traditional knowledge transmitters to learning
facilitators and ethical guides. Various teaching strategies, such as
case-based teaching (29), embedded Al ethics education frameworks
(30), and AI scenario-based teaching in clinical practice (31), can
be employed to equip healthcare professionals with both technical
skills and moral insights. Meanwhile, the application of Al in clinical
education may exacerbate the digital divide. Strengthening ethical
regulations and allocating resources rationally are necessary to
alleviate this problem (32). Lastly, the issue of doctor-role conflict has
also drawn much attention. Defining the boundaries between
technology and humans requires joint exploration among medical
practitioners, technology developers, and the ethics community.
Multi-stakeholder collaboration ensures a healthy, sustainable data-
intensive research paradigm for medical progress and human health.

7 Discussion

In the current epoch of rapid data science and technology
progression, data-intensive clinical research has emerged as a novel
research paradigm. Bolstered by a robust technical underpinning,
abundant educational resources, and a personalized teaching model,
it demonstrates substantial feasibility (33, 34). This paradigm can
effectively enhance learning efficiency, optimize teaching outcomes,
and improve students’ practical capabilities through personalized
learning paths and virtual simulation technologies (35, 36).
Nevertheless, this advancement is fraught with challenges. These
include data privacy protection, ethical compliance, and the potential
erosion of students’ critical thinking abilities. The key focus lies in
efficiently managing and analyzing voluminous clinical data, as well
as transforming it into valuable insights and guidelines for clinical
practice. Achieving this goal requires collaborative efforts from
technology developers, governments, educational institutions,
educators, and students alike.
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To tackle these challenges, it is essential to introduce innovative
teaching methods in clinical data science. This includes utilizing
problem-driven learning, studying disease case examples, and
providing simulated labs to enhance students’ skills in clinical data
practice and encourage creative thinking with data. Building a diverse
faculty team is crucial, requiring the recruitment of educators with
expertise in data science and training existing medical statistics
instructors to effectively utilize data science methods and tools.
Furthermore, offering high-quality resources for learning clinical data
science, such as access to international disease databases and data
analysis software, is essential for fostering the education of clinical
professional graduate students. Enhancing the assessment system by
including criteria related to clinical data governance and analytical
abilities can further engage students and encourage innovative
thinking. Meanwhile, ethical education should be seamlessly integrated
into the curriculum system to strengthen the ethical awareness and
data protection consciousness of clinical postgraduate students.

The data-intensive research paradigm undoubtedly places higher
competency demands on clinical graduates, necessitating the
development of a multidimensional capability structure. To begin
with, it is essential to solidify foundational knowledge by thoroughly
understanding and applying Al tools, while developing robust data
analysis skills to accurately interpret data and evaluate results (37).
Furthermore, participation in model optimization and external
validation from a critical perspective is necessary. Secondly,
proficiency in digital healthcare systems and the integration of
Internet of Medical devices is required to enhance service efficiency
(38). It is equally important to strictly adhere to medical data security
regulations and be equipped to handle information security incidents
(39). In addition, cultivating resilience in managing stress is vital for
effectively addressing academic and career development pressures,
enabling better adaptation to industry changes. Of course, integrating
these competencies is by no means an easy task. Implementing AI
training in a step-by-step manner may prove beneficial.

Remarkably, given the urgency of patient care, it should focus on
specific target groups and promote the implementation of the data-
intensive research paradigm in a phased approach. In the initial stage,
identify the key groups most likely to benefit from data-intensive
clinical research, covering basic disciplines like anatomy, physiology,
and clinical specialties such as radiology, ophthalmology, and
neurosurgery (40). Leveraging Al-assisted diagnosis and automating
administrative tasks can optimize workflows and enhance healthcare
professionals’ efficiency. However, the concomitant need for
innovative thinking brings new challenges and stress. In response,
providing technical training and psychological support (41), and
establishing effective feedback and improvement mechanisms are
essential steps (42, 43). This promotes a balance between adopting
data-intensive clinical research practices and alleviation of stress and

References

1. Shen L, Bai ], Wang J, Shen B. The fourth scientific discovery paradigm for precision
medicine and healthcare: challenges ahead. Precis Clin Med. (2021) 4:80-4. doi: 10.1093/
pcmedi/pbab007

2. Vogelberg C, Klimek L, Briiggenjiirgen B, Jutel M. Real-world evidence for the
long-term effect of allergen immunotherapy: current status on database-derived
European studies. Allergy. (2022) 77:3584-92. doi: 10.1111/all.15506

3. Phillips MR. The electronic health record will be what we make it. Ann Surg. (2020)
272:229-30. doi: 10.1097/SLA.0000000000003846

Frontiers in Medicine

10.3389/fmed.2025.1461863

burnout among healthcare professionals. By implementing these
strategies comprehensively, we can enhance the overall application
skills of clinical professional graduate students when faced with data-
intensive research challenges. We are confident in our ability to
cultivate clinical professional graduate students who not only possess
a strong foundation in clinical medical knowledge but also excel in
addressing clinical data challenges and making significant
contributions to medical innovation research.

Author contributions

CY: Conceptualization, Writing - original draft, Writing — review
& editing. YC: Conceptualization, Writing - original draft, Writing —
review & editing, Visualization. CQ: Writing — review & editing. FS:
Writing - review & editing. YG: Conceptualization, Funding acquisition,
Project administration, Supervision, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the National Natural Science Foundation of China
(NSFEC, 82060618), the Key Research and Development Program of
Jiangxi Province (20203BBGL73184).

Acknowledgments

We are thankful for the involvement of the participants in the
study and the assistance of the study team.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

4. Miao Z, Humphreys BD, McMahon AP, Kim J. Multiomics integration in the age of
million single cell data. Nat Rev Nephrol. (2021) 17:710-24. doi: 10.1038/s41581-021-00463-x

5. Sealfon RSG, Mariani LH, Kretzler M, Troyanskaya OG. Machine learning, the
kidney, and genotype-phenotype analysis. Kidney Int. (2020) 97:1141-9. doi: 10.1016/j.
kint.2020.02.028

6. Bhat M, Rabindranath M, Chara BS, Simonetto DA. Artificial intelligence, machine
learning, and deep learning in liver transplantation. ] Hepatol. (2023) 78:1216-33. doi:
10.1016/j.jhep.2023.01.006

frontiersin.org


https://doi.org/10.3389/fmed.2025.1461863
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1093/pcmedi/pbab007
https://doi.org/10.1093/pcmedi/pbab007
https://doi.org/10.1111/all.15506
https://doi.org/10.1097/SLA.0000000000003846
https://doi.org/10.1038/s41581-021-00463-x
https://doi.org/10.1016/j.kint.2020.02.028
https://doi.org/10.1016/j.kint.2020.02.028
https://doi.org/10.1016/j.jhep.2023.01.006

Yang et al.

7. Loftus TJ, Tighe PJ, Filiberto AC, Efron PA, Brakenridge SC, Mohr AM, et al.
Artificial intelligence and surgical decision-making. JAMA Surg. (2020) 155:148-58. doi:
10.1001/jamasurg.2019.4917

8. Yu P, Fang C, Liu X, Fu W, Ling J, Yan Z, et al. Performance of ChatGPT on the
Chinese postgraduate examination for clinical medicine: survey study. JMIR Med Educ.
(2024) 10:e48514. doi: 10.2196/48514

9. Brown S-A, Sparapani R, Osinski K, Zhang ], Blessing J, Cheng F, et al. Establishing
an interdisciplinary research team for cardio-oncology artificial intelligence informatics
precision and health equity. Am Heart Hournal Plus Cardiol Res Pract. (2022) 13:100094.
doi: 10.1016/j.ahjo.2022.100094

10. Cao Y, Du J, Li D, Han H. Strategies and practices of interdisciplinary research
development in Chinese universities under the construction of "double first-class": from
the perspective of organization theory. Chin Univ Sci Technol. (2023) 3:26-33. doi:
10.16209/j.cnki.cust.2023.03.029

11. Koch E, Pardifias AF, O’Connell KS, Selvaggi P, Camacho Collados J, Babic A, et al.
How real-world data can facilitate the development of precision medicine treatment in
psychiatry. Biol Psychiatry. (2024) 96:543-51. doi: 10.1016/j.biopsych.2024.01.001

12. Vamathevan ], Clark D, Czodrowski P, Dunham I, Ferran E, Lee G, et al.
Applications of machine learning in drug discovery and development. Nat Rev Drug
Discov. (2019) 18:463-77. doi: 10.1038/s41573-019-0024-5

13. Prieto Santamaria L, Ugarte Carro E, Diaz Uzquiano M, Menasalvas Ruiz E, Pérez
Gallardo Y, Rodriguez-Gonzalez A. A data-driven methodology towards evaluating the
potential of drug repurposing hypotheses. Comput Struct Biotechnol ]. (2021)
19:4559-73. doi: 10.1016/j.csbj.2021.08.003

14. Qiao H, Chen Y, Qian C, Guo Y. Clinical data mining: challenges, opportunities,
and recommendations for translational applications. J Transl Med. (2024) 22:185. doi:
10.1186/5s12967-024-05005-0

15. Khene Z-E, Kammerer-Jacquet S-F, Bigot P, Rabilloud N, Albiges L, Margulis V,
etal. Clinical application of digital and computational pathology in renal cell carcinoma:
a systematic review. Eur Urol Oncol. (2023) 7:401-11. doi: 10.1016/j.eu0.2023.10.018

16.Jiang H. Evaluation of teachers in higher education institutions from the
perspective of high-quality education system. Eval Teach High Educ Inst Perspect High-
Qual Educ Syst. (2022) 24:22-7. doi: 10.13763/j.cnki.jhebnu.ese.2022.02.004

17.Li E, You Y, Cheng L, Li Y, Feng J, Wei S, et al. Application performance
analysis of internet+artificial intelligence expert system in clinical teaching of
anesthesiology department. Chin Hosp Manag. (2023) 43:75-7. Available at:
https://d.wanfangdata.com.cn/periodical/zgyygl202307020

18. Wu E, Wang T, Yin D, Xu X, Jin C, Mu N, et al. Application of case-based learning
in psychology teaching: a meta-analysis. BMC Med Educ. (2023) 23:609. doi: 10.1186/
512909-023-04525-5

19. Trullas JC, Blay C, Sarri E, Pujol R. Effectiveness of problem-based learning
methodology in undergraduate medical education: a scoping review. BMC Med Educ.
(2022) 22:104. doi: 10.1186/s12909-022-03154-8

20. Lim WK. Problem based learning in medical education: handling objections and
sustainable implementation. Adv Med Educ Pract. (2023) 14:1453-60. doi: 10.2147/
AMEP.5444566

21.Pan Z, Zhong Z, Li W, Tang Y. Construction and practice of virtual artificial
intelligence laboratory with multi-platform collaboration and integration. Res Explor
Lab. (2024) 43:152. doi: 10.19927/j.cnki.syyt.2024.05.022

22. Krive J, Isola M, Chang L, Patel T, Anderson M, Sreedhar R. Grounded in reality:
artificial intelligence in medical education. JAMIA Open. (2023) 6:00ad037. doi:
10.1093/jamiaopen/o0ad037

23. Corfmat M, Martineau JT, Régis C. High-reward, high-risk technologies? An
ethical and legal account of AI development in healthcare. BMC Med Ethics. (2025) 26:4.
doi: 10.1186/s12910-024-01158-1

24. Hanna M, Pantanowitz L, Jackson B, Palmer O, Visweswaran S, Pantanowitz J,
et al. Ethical and Bias considerations in artificial intelligence (AI)/machine learning.
Mod Pathol. (2024) 100686. doi: 10.1016/j.modpat.2024.100686

Frontiers in Medicine

08

10.3389/fmed.2025.1461863

25. Khalid N, Qayyum A, Bilal M, Al-Fuqaha A, Qadir J. Privacy-preserving artificial
intelligence in healthcare: techniques and applications. Comput Biol Med. (2023)
158:106848. doi: 10.1016/j.compbiomed.2023.106848

26. Murdoch B. Privacy and artificial intelligence: challenges for protecting health
information in a new era. BMC Med Ethics. (2021) 22:122. doi: 10.1186/s12910-
021-00687-3

27. Wang W, Wang G, Marivate V, Hufton AL. On the transparency of large Al models.
Patterns. (2023) 4:100797. doi: 10.1016/j.patter.2023.100797

28. Daneshjou R, Smith MP, Sun MD, Rotemberg V, Zou J. Lack of transparency and
potential Bias in artificial intelligence data sets and algorithms. JAMA Dermatol. (2021)
157:1362-9. doi: 10.1001/jamadermatol.2021.3129

29. Katznelson G, Gerke S. The need for health Al ethics in medical school education.
Adv Health Sci Educ. (2021) 26:1447-58. doi: 10.1007/s10459-021-10040-3

30. Quinn T, Coghlan S. (2021). Readying medical students for medical Al: the need
to embed AI ethics education. Available at: https://www.semanticscholar.org/paper/
Readying-Medical-Students-for-Medical- A1%3A-The-Need-Quinn-Coghlan/2c6a0576
82b932421b1e4b7d5bbbc008527¢30f5)

31. Arbelaez Ossa L, Rost M, Lorenzini G, Shaw DM, Elger BS. A smarter perspective:
learning with and from Al-cases. Artif Intell Med. (2023) 135:102458. doi: 10.1016/j.
artmed.2022.102458

32. Henderson B, Flood C, Scassa T. Artificial intelligence in Canadian healthcare: will
the law protect us from algorithmic Bias resulting in discrimination? Can ] Law Technol.
(2022) 19:475. Available at: https://digitalcommons.schulichlaw.dal.ca/cjlt/vol19/iss2/10/

33. Cooper A, Rodman A. Al and medical education — a 21st-century Pandora’s box.
N Engl ] Med. (2023) 389:385-7. doi: 10.1056/NEJMp2304993

34. Abd-alrazaq A, AlSaad R, Alhuwail D, Ahmed A, Healy PM, Latifi S, et al. Large
language models in medical education: opportunities, challenges, and future directions.
JMIR Med Educ. (2023) 9:e48291. doi: 10.2196/48291

35. Karabacak M, Ozkara BB, Margetis K, Wintermark M, Bisdas S. The advent of
generative language models in medical education. JMIR Med Educ. (2023) 9:48163. doi:
10.2196/48163

36. Ahuja AS, Polascik BW, Doddapaneni D, Byrnes ES, Sridhar J. The digital
Metaverse: applications in artificial intelligence, medical education, and integrative
health. Integr Med Res. (2023) 12:100917. doi: 10.1016/j.imr.2022.100917

37. Park SH, Do K-H, Kim S, Park JH, Lim Y-S. What should medical students know
about artificial intelligence in medicine? J Educ Eval Health Prof. (2019) 16:18. doi:
10.3352/jeehp.2019.16.18

38. Liaw W, Kueper JK, Lin S, Bazemore A, Kakadiaris I. Competencies for the use of
artificial intelligence in primary care. Ann Fam Med. (2022) 20:559-63. doi: 10.1370/
afm.2887

39. McCoy LG, Nagaraj S, Morgado F, Harish V, Das S, Celi LA. What do medical
students actually need to know about artificial intelligence? Npj Digit Med. (2020)
3:86-3. doi: 10.1038/541746-020-0294-7

40. Gordon M, Daniel M, Ajiboye A, Uraiby H, Xu NY, Bartlett R, et al. A scoping
review of artificial intelligence in medical education BEME Guide No 84. Med Teach.
(2024) 46:446-70. doi: 10.1080/0142159X.2024.2314198

41. Dailah HG, Koriri M, Sabei A, Kriry T, Zakri M. Artificial intelligence in nursing:
technological benefits to Nurse’s mental health and patient care quality. Healthcare.
(2024) 12:2555. doi: 10.3390/healthcare12242555

42. Ahmed Z, Bhinder KK, Tariq A, Tahir MJ, Mehmood Q, Tabassum MS, et al.
Knowledge, attitude, and practice of artificial intelligence among doctors and medical
students in Pakistan: a cross-sectional online survey. Ann Med Surg. (2022) 76:103493.
doi: 10.1016/j.amsu.2022.103493

43. Banerjee M, Chiew D, Patel KT, Johns I, Chappell D, Linton N, et al. The impact
of artificial intelligence on clinical education: perceptions of postgraduate trainee
doctors in London (UK) and recommendations for trainers. BMC Med Educ. (2021)
21:429. doi: 10.1186/s12909-021-02870-x

frontiersin.org


https://doi.org/10.3389/fmed.2025.1461863
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1001/jamasurg.2019.4917
https://doi.org/10.2196/48514
https://doi.org/10.1016/j.ahjo.2022.100094
https://doi.org/10.16209/j.cnki.cust.2023.03.029
https://doi.org/10.1016/j.biopsych.2024.01.001
https://doi.org/10.1038/s41573-019-0024-5
https://doi.org/10.1016/j.csbj.2021.08.003
https://doi.org/10.1186/s12967-024-05005-0
https://doi.org/10.1016/j.euo.2023.10.018
https://doi.org/10.13763/j.cnki.jhebnu.ese.2022.02.004
https://d.wanfangdata.com.cn/periodical/zgyygl202307020
https://doi.org/10.1186/s12909-023-04525-5
https://doi.org/10.1186/s12909-023-04525-5
https://doi.org/10.1186/s12909-022-03154-8
https://doi.org/10.2147/AMEP.S444566
https://doi.org/10.2147/AMEP.S444566
https://doi.org/10.19927/j.cnki.syyt.2024.05.022
https://doi.org/10.1093/jamiaopen/ooad037
https://doi.org/10.1186/s12910-024-01158-1
https://doi.org/10.1016/j.modpat.2024.100686
https://doi.org/10.1016/j.compbiomed.2023.106848
https://doi.org/10.1186/s12910-021-00687-3
https://doi.org/10.1186/s12910-021-00687-3
https://doi.org/10.1016/j.patter.2023.100797
https://doi.org/10.1001/jamadermatol.2021.3129
https://doi.org/10.1007/s10459-021-10040-3
https://www.semanticscholar.org/paper/Readying-Medical-Students-for-Medical-AI%3A-The-Need-Quinn-Coghlan/2c6a057682b932421b1e4b7d5bbbc008527c30f5
https://www.semanticscholar.org/paper/Readying-Medical-Students-for-Medical-AI%3A-The-Need-Quinn-Coghlan/2c6a057682b932421b1e4b7d5bbbc008527c30f5
https://www.semanticscholar.org/paper/Readying-Medical-Students-for-Medical-AI%3A-The-Need-Quinn-Coghlan/2c6a057682b932421b1e4b7d5bbbc008527c30f5
https://doi.org/10.1016/j.artmed.2022.102458
https://doi.org/10.1016/j.artmed.2022.102458
https://digitalcommons.schulichlaw.dal.ca/cjlt/vol19/iss2/10/
https://doi.org/10.1056/NEJMp2304993
https://doi.org/10.2196/48291
https://doi.org/10.2196/48163
https://doi.org/10.1016/j.imr.2022.100917
https://doi.org/10.3352/jeehp.2019.16.18
https://doi.org/10.1370/afm.2887
https://doi.org/10.1370/afm.2887
https://doi.org/10.1038/s41746-020-0294-7
https://doi.org/10.1080/0142159X.2024.2314198
https://doi.org/10.3390/healthcare12242555
https://doi.org/10.1016/j.amsu.2022.103493
https://doi.org/10.1186/s12909-021-02870-x

	The data-intensive research paradigm: challenges and responses in clinical professional graduate education
	1 Introduction
	2 Key features of the data-intensive research paradigm
	2.1 Deep application of big data
	2.2 Rapid progress in artificial intelligence and machine learning
	2.3 Unprecedented multidisciplinary collaboration

	3 The transformative impact of data-intensive research paradigm on clinical studies
	3.1 Accelerating the evolution of precision medicine
	3.2 Prediction and management of risks and benefits in disease treatment
	3.3 Accelerating new drug discovery and drug repurposing
	3.4 Developing personalized treatment plans

	4 Challenges in clinical professional graduate education
	4.1 Interdisciplinary integration of data-associated knowledge and skills
	4.2 Urgently needed educational resources and teaching staff
	4.3 Outdated teaching techniques
	4.4 The evaluation and assessment system deviates from the genuine requirements

	5 Response and outlook
	5.1 Advancements in medical data science courses and teaching methods
	5.2 Building a team of medical data science experts
	5.3 Sharing and collaborating on learning resources
	5.4 Upgrade the quality assessment system for training clinical professional graduate students

	6 Ethical considerations for data-intensive research paradigm
	7 Discussion

	References

