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Abstract

The rapid advancement of artificial intelligence (AI) is driving a profound
paradigm shift in medical imaging education. As a discipline bridging theo-
retical knowledge, practical skills, and clinical application, medical imaging
faces multiple challenges in the intelligent era, including insufficient teach-
ing resources and difficulties in cultivating clinical reasoning. This paper,
using a narrative review approach, systematically examines the theoretical
underpinnings of AI-empowered medical imaging teaching—Outcome-Based
Education (OBE), constructivism, Tyler’s Objective Model, and human-ma-
chine collaborative teaching theory—and synthesises the integration of Al
across three dimensions: pedagogical reconstruction, personalised evalua-
tion, and image-reading training. It further analyses key constraints such as
insufficient algorithmic interpretability, content reliability risks, faculty com-
petency gaps, and ethical deficiencies. On this basis, it proposes development
pathways, including building human-machine collaborative teaching ecosys-
tems, strengthening Al ethics education, establishing evidence-based evalua-
tion systems, and deepening industry-education integration. The review finds
that Al-driven teaching models hold promise for bridging theoretical in-
struction and clinical practice, and for supporting the cultivation of versatile
medical imaging talents in the intelligent era. However, the current evidence
is mostly derived from single-centre, small-sample studies lacking effect
sizes and long-term follow-up, and many proposed strategies remain to be
validated.
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1. Introduction

The iterative maturation of Al technologies in medical image recognition, com-
puter-assisted diagnosis, and intelligent image analysis has injected new momen-
tum into modern medicine [1]. Medical imaging, as a core discipline that com-
bines theoretical knowledge, practical skills, and clinical applicability, relies heav-
ily on image observation, logical reasoning, and accumulation of clinical experi-
ence. Traditional teaching models have become inadequate for meeting the talent
cultivation demands of the intelligent era. “New Medical Science” is defined here
as a strategic framework that, oriented towards life health, technological innova-
tion, and medical model transformation, features interdisciplinary integration
(medicine-engineering-science-humanities) and aims to reshape medical educa-
tion and talent development systems. At the national policy level, China has issued
the New Generation Artificial Intelligence Development Plan and the Opinions
on Deeply Implementing the “AI+” Action, which designate intelligent healthcare
and Al-assisted imaging diagnosis as development priorities, thus establishing a
policy foundation for clinical translation and associated talent cultivation. Against
this backdrop, AI has progressively permeated medical education systems, serving
not only as an efficient teaching aid but also possessing the potential to integrate
teaching resources, reshape teacher-student interaction models, and enrich stu-
dents’ knowledge construction pathways, thereby driving systematic transfor-

mation of traditional teaching philosophies and models [2] [3].

2. Theoretical Foundations of Al in Medical Imaging
Teaching

The deep integration of AI and medical imaging teaching is a systematic innova-
tion supported by educational theories, cognitive learning theories, and collabo-
rative education theories. These provide the necessary academic foundations for
the scientific design, standardised implementation, and precise evaluation of

smart imaging education.

2.1. Outcome-Based Education (OBE) Philosophy

OBE provides the fundamental direction for Al-empowered imaging teaching.
Wang and Zhang [4] systematically reviewed its application in clinical practice
teaching, confirming its effectiveness. Tu et al [5] demonstrated that AI systems
can dynamically deliver adaptive learning resources based on students’ expected
outcomes through a backward design approach, aligning with OBE logic. Liu et

al. [6] further confirmed that Al-assisted medical imaging experimental teaching
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facilitates students’ transition from passive reception to active inquiry. Ran et al
[7] conducted a randomised controlled trial targeting CTPA diagnosis teaching of
pulmonary embolism, constructing an AI-OBE integrated teaching system. By
backward-deconstructing teaching objectives oriented toward clinical compe-
tency and combining this with an Al intelligent image-reading platform for tiered
case-based training, they showed that this model simultaneously improved theo-
retical scores, practical image interpretation capabilities, and clinical diagnostic
thinking. These findings indicate that integrating OBE into Al-empowered imag-
ing teaching design—backward-constructing content and evaluation around core
objectives such as imaging diagnostic ability, clinical thinking, and Al tool appli-

cation skills—possesses solid theoretical and practical support.

2.2. Constructivism Learning Theory

Constructivism provides the cognitive psychological foundation for AI-empow-
ered immersive teaching. This theory posits that learning is an active process of
knowledge construction within specific contexts, rather than passive reception of
external information [8]. AI technology, through virtual simulation, real clinical
case reproduction, and 3D dynamic demonstrations, can create highly realistic
clinical image-reading scenarios. Wang [9] used constructivism to build an inte-
grated “structure-function-disease” digital experimental teaching system for
medical morphology, facilitating a shift from passive indoctrination to active in-
quiry. Research on knowledge graph-based smart medical imaging courses fur-
ther confirmed that, under constructivist guidance, Al-supported smart courses
increased students’ learning interest [10]. These practices demonstrate that im-
mersive clinical scenarios created by Al can guide students to actively construct
and internalise knowledge through proactive observation, sign recognition, and
logical reasoning, thereby significantly improving the depth of understanding and

transfer ability.

2.3. Tyler’s Objective Model

Tyler’s Objective Model provides a methodological framework for intelligent teach-
ing evaluation. Centred on three core elements—clear objectives, systematic organ-
isation, and quantifiable effectiveness testing—it has been widely applied in digital
medical course design [11] [12]. Li et a/ [13] built a “five-library” teaching platform
system based on PACS and big data, achieving a true, objective, and scientific eval-
uation of teaching effectiveness through multi-method assessment. Zeng et al. [14]
further introduced real clinical cases into the smart classroom, establishing a diver-
sified evaluation system covering the whole pre-class, in-class, and post-class pro-
cess. Although these studies do not explicitly name Tyler’s model, their design con-
cepts—layered deconstruction of competency objectives, integrated online-offline
workflows, and learning analytics for quantitative assessment—are intrinsically
consistent with Tyler’s framework, and can serve as references for constructing

smart classrooms and integrated intelligent evaluation systems.
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2.4. Human-Machine Collaborative Teaching Theory

This theory clarifies the rational division of labour between human teachers and
technology in intelligent teaching scenarios. Huang et al [15] pointed out that
human teachers possess irreplaceable advantages in emotional support, value
guidance, and creative thinking cultivation, while AI excels in data processing,
pattern recognition, and personalised recommendation; the two should form a
complementary, synergistic new teaching ecology. Qin, Hu and Zhang [16] fur-
ther proposed that intelligent teaching environments require teachers to trans-
form from unidirectional knowledge transmitters into learning designers and me-
diators of human-machine dialogue. International research in radiology educa-
tion has indicated that Al should serve only as an auxiliary teaching tool for image
quantification and basic case training, while teachers must lead clinical reasoning
and critical thinking education regarding algorithmic risks, to prevent students
from forming unilateral dependence on intelligent tools [17] [18]. This theory
provides a solid academic foundation for defining the role allocation: “Al as an

auxiliary diagnostic tool, teachers leading thinking development”.

2.5. Linking Theoretical Frameworks to Application Dimensions

The four theories are not isolated; they mutually complement each other and
jointly support the three application dimensions of AI-empowered imaging teach-
ing. Specifically, OBE guides backward design and tiered training strategies, serv-
ing personalised evaluation and pedagogical reconstruction; constructivism em-
phasises contextualised learning, supporting image-reading training through vir-
tual simulation and case-based immersion; Tyler’s model provides a quantifiable
effectiveness framework, underpinning the data-driven implementation of per-
sonalised evaluation; and human-machine collaborative theory ensures rational
role allocation between teachers and Al in pedagogical reconstruction. Thus, the-
ory, technology, and application form a coherent logic, laying the foundation for

subsequent practical analysis.

3. Application Value of Al in Medical Imaging Teaching

3.1. AI-Empowered Teaching Reconstruction and Model
Innovation

The introduction of Al is driving systematic transformation from traditional
models toward intelligent and personalised directions. Innovative methods such
as flipped classrooms and project-based learning are being integrated into teach-
ing practice. Zeng et al. [14] constructed a hybrid teaching model (“online self-di-
rected learning + offline flipped classroom with real clinical scenarios”) for 96
eight-year traditional Chinese medicine students at Nanjing University of Chinese
Medicine. The online component used the Chaoxing Xuexitong platform; teach-
ers used Al to analyse online test and learning activity data to precisely identify
knowledge weaknesses and adjust strategies. The offline component introduced

the affiliated hospital’s PACS system into smart classrooms, dynamically present-
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ing CT/MRI 3D sectional images and employing Al and VR to recreate authentic
clinical scenarios. Results showed that the experimental group had significantly
higher theoretical scores (86.3 = 5.2 vs. 79.1 £ 6.4, p < 0.01) and practical skill
scores. Li and Sun [19] built a smart classroom system covering pre-class prepa-
ration, cloud-based instruction, virtual simulation, and digital case libraries,
breaking spatial-temporal constraints and transforming lectures into a blended
model combining pre-class self-study and group case discussions. Li et al [13]
established five AI-driven digital resource libraries based on PACS imaging big
data (classic cases, diagnostic errors, research innovation, medical-engineering
integration, intelligent assessment), creating a new virtual-blended model with
offline large-group lectures, small-group seminar internships, and online mobile
self-learning. Xu et al [20] developed a ChatGPT-based intelligent imaging-as-
sisted teaching tool encompassing an intelligent imaging teaching library (typical
signs, error-prone cases, dynamic training), intelligent interactive teaching, vir-
tual training, and learning visualisation modules, forming a complete teaching
loop of competency assessment, tiered training, dynamic regulation, immediate
feedback, and intensive training.

In summary, Al-empowered teaching reconstruction has evolved from the ap-
plication of a single technological tool to a systematic model innovation encom-
passing online platforms, offline scenarios, digital resource libraries, and intelli-
gent interactive tools, effectively breaking the spatial and temporal constraints of
traditional teaching and driving the transformation of medical imaging teaching

from “uniform instruction” to “differentiated empowerment”.

3.2. AI-Empowered Personalized Teaching and Precise Evaluation

Personalized teaching and precise evaluation are key dimensions of the intelligent
transformation of medical imaging teaching. AI can dynamically adjust teaching
content according to students’ learning progress and competency levels, provid-
ing differentiated learning pathways, while simultaneously collecting and analyz-
ing learning behavior data in real time to support teachers in optimizing teaching
strategies. Hong et al [21] demonstrated through a controlled teaching experi-
ment that ChatGPT can be effectively implemented in personalized teaching and
full-process precision evaluation systems in medical imaging teaching—students
can receive immediate feedback at any time, and the AI system continuously
tracks learning behaviors to form dynamic learning profiles. The study also found
that ChatGPT can rapidly provide the latest teaching resources, significantly re-
ducing teachers’ repetitive lesson-preparation burden. Liu et al [22] integrated an
AI imaging diagnostic system with the Chaoxing Xuexitong platform to enable
tiered case provision and lesion auto-annotation error correction, incorporating
process data tracking, theoretical examinations, and case-based practical assess-
ments. The experimental results showed that students’ theoretical scores, practical
scores, and satisfaction indicators all improved significantly. Zeng et al. [14] fur-

ther revealed the mechanism of Al-driven personalized teaching: teachers accu-
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rately predict teaching difficulties through real-time analysis of learning behavior
data, achieving the transformation of instructional decision-making from experi-
ence-driven to data-driven. Through the precision teaching loop of learning diag-
nosis, teaching adjustment, and effectiveness verification, students’ personalized
learning needs are effectively met. However, all these studies were based on sin-
gle-course assessments, lacking longitudinal tracking, and the fairness of person-

alised recommendation algorithms was not evaluated.

3.3. AI-Empowered Imaging Analysis and Image-Reading Training

Image-reading analysis and training constitute the core component of medical
imaging teaching and the area with the most concentrated challenges. Traditional
reading instruction has long faced three structural dilemmas: insufficient reserve
of typical cases; scarcity of teaching resources for detailed feedback; and predom-
inance of static typical images, lacking coverage of rare diseases and dynamic case
evolution. Al intervention brings new vitality [23].

At the teaching assistance level, Cai and Chen [24] showed that Al can auto-
matically parse imaging data, assisting students in rapid lesion localisation and
precise marking, and deepening understanding through comparison with Al out-
puts. Hu et al [25] noted that Al in image reconstruction and segmentation helps
students more quickly understand complex anatomical structures. At the training
platform level, Cui et al [26] systematically elucidated the multiple auxiliary roles
of Al virtual simulation platforms in automatically completing lesion delineation,
sign quantification, and report correction, supporting tiered training—weaker
students can start with typical signs, advanced students can challenge complex
cases and differential diagnosis. At the effectiveness validation level, Zhang et al.
[27] found that interns’ detection rate of pulmonary nodules under Al assistance
was significantly higher than independent reading (from 78% to 93%, p < 0.01),
with significantly reduced reading time (from 4.2 to 2.8 minutes per case). Fan et
al. [28] further confirmed that Al assistance yielded more pronounced benefits for
junior residents, suggesting unique value in shortening the learning curve for be-
ginners. In summary, Al reshapes image-reading training from three levels: re-
source, approach, and effectiveness. However, most conclusions derive from sin-

gle-disease, single-centre studies, and generalisability awaits verification.

4. Key Challenges of AI-Empowered Medical Imaging
Teaching

4.1. Technical Bottlenecks: Insufficient Algorithmic
Interpretability and Data Bias

Most Al systems currently applied in imaging teaching are built upon deep neural
networks and exhibit typical “black box” characteristics—they can output results
but cannot present their internal decision-making logic. This interpretability de-
ficiency creates a dual dilemma in the teaching environment: students struggle to

comprehend the diagnostic logic behind AI judgments, diminishing the pedagog-
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ical value of the tool, while the incomprehensibility of algorithms undermines
trust in intelligent systems, constraining the deep implementation of human-ma-
chine collaborative teaching [29]. Moreover, the training data for existing models
are often confined to specific institutions or regions, lacking representativeness in
terms of population, equipment, parameters, and disease spectrum. The resulting
data bias directly affects generalization performance—when students train on
atypical cases or rare diseases, Al recognition accuracy may significantly decline,

failing to meet the requirements of diverse and comprehensive teaching [29].

4.2. Teaching Risks: Content Reliability and Over-Reliance

Currie et al. [18] pointed out that while large language models such as ChatGPT
offer value in personalized learning assistance and clinical reasoning training, the
accuracy risks of their generated content (the “hallucination” problem) are par-
ticularly concerning in medical education—once erroneous knowledge is ac-
cepted by students, it may create lasting cognitive biases. Simultaneously, the
rapid diagnostic capabilities of AI may cause students to weaken their active ana-
lytical and differential diagnostic abilities. Studies have indicated that students
who use Al assistance over extended periods experience a decline of approxi-
mately 15% in independent diagnostic accuracy [30]. If this “intelligent crutch”
effect continues to accumulate, it will progressively erode students’ ability to ac-
tively observe imaging details, think independently, and reason autonomously,
deviating from the core objective of imaging teaching—cultivating autonomous

clinical thinking.

4.3. Resource Constraints: Platform Development Threshold and
Faculty Competency Gaps

The construction of intelligent imaging teaching systems relies on sustained in-
vestment in Al platforms, virtual simulation systems, and structured case librar-
ies. High construction costs and maintenance requirements pose substantial bar-
riers for most regional institutions. Li ef al [29] reported that only 12% of faculty
radiologists and 3% of residents were familiar with AI implementation in radiol-
ogy education, and respondents generally expressed concerns regarding Al feed-
back accuracy, interactivity, and clinical integration, reflecting a structural dis-
connect between faculty training and platform development. There is currently a
lack of differentiated training systems targeting different age groups and technical
proficiency levels, and the maintenance and updating of teaching resources face
shortages of both specialised personnel and dedicated funding. The gap between
well-resourced eastern institutions and less-resourced central/western institu-
tions in China is particularly pronounced, which may exacerbate educational in-

equity.

4.4. Ethical Dilemmas: Privacy Protection and Liability
Attribution

Medical imaging data carry sensitive patient information and fall under the high-
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est category of privacy protection. Sallam’s systematic review [31] explicitly noted
that sensitive medical data face security vulnerabilities including insufficient en-
cryption and access control deficiencies during transmission, storage, and shar-
ing. In some institutions, anonymisation of imaging materials for teaching pur-
poses remains incomplete, and Al teaching platforms predominantly deployed in
cloud environments, coupled with cross-regional sharing, further amplify tech-
nical difficulty and compliance risks of privacy protection. In scenarios combining
Al-assisted teaching and clinical diagnosis, liability attribution likewise lacks clear
ethical norms and legal definitions—when students form erroneous diagnostic
understanding due to Al output deviations, the attribution of responsibility re-
mains undefined [31] [32].

4.5. Regulatory and Standardisation Gaps

There are currently no unified quality standards or certification systems for
Al-assisted medical imaging teaching at domestic or international levels. Differ-
ent institutions use Al platforms with vastly different data sources, algorithm
versions, and update frequencies, making cross-institutional comparisons of
teaching outcomes difficult. Education authorities have not yet issued relevant
guidelines or norms, leaving the design, deployment, and evaluation of Al teach-
ing tools without a common framework, and increasing the uncertainty of teach-

ing risks.

5. Future Development Directions and Strategic
Recommendations

5.1. Constructing a Tripartite “Al-Teacher-Student” Collaborative
Smart Teaching Ecosystem

The core challenge for imaging teaching in the Al era is how to ensure the auton-
omous development of students’ clinical reasoning capabilities while leveraging
efficiency advantages. Huang et al [15] pointed out that teachers are irreplaceable
in value guidance and thinking development, while AI's advantages lie in data
processing and personalised recommendation—mapped to imaging teaching, Al
is suitable for initial lesion screening and quantitative analysis, while teachers
should focus on diagnostic logic interpretation and Al bias identification. Qin, Hu
and Zhang [16] proposed that teachers should become learning designers and me-
diators of human-machine dialogue, embodied in imaging teaching by designing
“human-Al comparison” sessions where students compare their independent
reading results with AI outputs and reflect on their diagnostic logic. Students’ ca-
pacity for critical use of Al should be incorporated into training objectives, guid-
ing them to develop the standardised workflow of “independent reading first, then
verification against AI” [13] [33]. This builds a smart teaching ecosystem centred
on cultivating independent clinical imaging diagnostic capability. This recom-
mendation is based on theoretical reasoning and preliminary practice, and awaits

large-scale empirical validation.
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5.2. Strengthening Al Ethics Education and Cultivating Versatile
Talents

The deep integration of Al raises a fundamental question: how to ensure students
possess ethical judgment capabilities while imparting intelligent tool application
skills. The rapid development of generative Al (e.g., GPT-4, Claude 3, Gemini)
and multimodal foundation models (e.g., GPT-4V, Med-PaLM 2) brings new op-
portunities—they can generate simulated cases, explain imaging signs, provide
differential diagnosis discussions, and even participate in multi-modal clinical
reasoning training. However, these models also carry risks of hallucination, bias
amplification, and data privacy issues, and their training data are mostly public
resources lacking specialisation in imaging. Therefore, the educational framework
must adapt. At the content level, Al ethical norms, data privacy protection, and
algorithmic bias recognition should be systematically integrated into the curricu-
lum. Zhang et al. [32] pointed out that constructing an educational framework
covering these issues is an important foundation for collaborative governance of
Al-empowered medical education, and Crotty et al. [17] similarly recommended
incorporating Al literacy and risk identification into core undergraduate imaging
curricula. At the curriculum structure level, an interdisciplinary modular course
cluster integrating “medical imaging, data science, artificial intelligence, and eth-
ics/law” should be established to strengthen students’ four-dimensional core com-
petencies: clinical imaging diagnostic judgment, standardised operation and crit-
ical evaluation of AI tools, awareness of algorithmic risks, and ability to imple-
ment medical data ethics and regulations. Currently, only a few institutions have

piloted such courses; their effectiveness needs testing, but this is a clear direction.

5.3. Establishing a Scientific Teaching Effectiveness Evaluation
System and Continuous Improvement Mechanism

The effectiveness of Al-collaborative teaching requires verification through a sci-
entific evaluation system [32]. A multidimensional evaluation indicator system
should be constructed covering theoretical knowledge, practical skills, clinical
thinking, autonomous learning, Al application competency, and professional
value identification. Concurrently, large-sample, multi-center, long-term con-
trolled studies should be actively promoted to systematically track the long-term
impact of Al teaching on students’ clinical competency development [29]. Only
by constructing a complete closed loop characterized by “quantifiable indicators,
traceable processes, and verifiable outcomes” can the evidence base for the pro-

motion and application of smart teaching models be consolidated.

5.4. Deepening Industry-Education Integration and
Cross-Institutional Collaboration

Alleviating the shortage of Al teaching resources requires coordinated advance-
ment at three levels: industry-education integration, cross-institutional collabo-

ration, and medical-educational integration. At the industry-education level, uni-
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versity-industry cooperation should be strengthened, connecting Al technology
companies and medical education institutions to jointly develop intelligent plat-
forms and tools adapted to imaging teaching scenarios, especially vertical appli-
cations based on domestic large language models and multimodal foundation
models. At the cross-institutional level, resource-sharing platforms should be es-
tablished to enable mutual utilisation of case libraries, teaching materials, training
projects, and faculty training systems, narrowing the digital teaching gaps between
institutions. At the medical-educational integration level, the routine integration
of frontline clinical diagnostic data into classroom teaching should be promoted—
Zeng et al. [14] created a real case resource library based on PACS, bringing clin-
ical reading scenarios into the classroom; Li et al [13] established five digital re-
source libraries based on PACS imaging big data, creating an integrated clinical,
imaging, and pathological teaching chain, providing practical examples for deep
integration. These strategies have been preliminarily explored but require policy

guidance and funding support.

6. Conclusions

Al-empowered medical imaging teaching is both an inevitable trend in educa-
tional digital transformation and New Medical Science construction, and a core
pathway for overcoming traditional teaching bottlenecks and enhancing talent
cultivation quality. The integration of Al and imaging teaching has progressed
from conceptual validation toward larger-scale implementation, demonstrating
increasingly clear value in optimising teaching environments, enhancing efficacy,
promoting clinical thinking, and facilitating teacher role transformation. The
novelty of this review lies in: 1) systematically integrating four educational theo-
ries—QOutcome-Based Education, constructivism, Tyler’s Objective Model, and
human-machine collaborative teaching—and establishing clear logical links from
theoretical foundations to the three practical application dimensions (pedagogical
reconstruction, personalised evaluation, and image-reading training); 2) compre-
hensively analysing the multifaceted challenges in Al-empowered medical imag-
ing teaching, including technical interpretability, teaching risks, resource con-
straints, ethical dilemmas, and regulatory gaps, while further identifying the cur-
rent evidence base as predominantly derived from single-centre, small-sample
studies lacking reported effect sizes and long-term follow-up, thereby clarifying
the critical knowledge gaps that future research must address. Nevertheless, Al
imaging teaching still faces challenges in technical interpretability, teaching risks,
resource constraints, ethical norms, and regulatory gaps, with overall develop-
ment still in a transitional phase from exploration to maturity. Technology is ul-
timately a means to achieve educational objectives, not an end in itself. In advanc-
ing intelligent teaching reform, the cultivation of clinical thinking and medical
humanism must always remain at the core, carefully balancing the relationship
between technological innovation and pedagogical principles. As Al technology

continues to evolve and institutional systems progressively improve, medical im-
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aging teaching is expected to evolve from the initial stage of Al assistance toward
a comprehensive, personalised, standardised, and sustainable form of smart edu-
cation, ultimately providing the healthcare system with a greater number of ver-
satile imaging professionals who possess both sophisticated technical skills, inde-
pendent thinking capabilities, and humanistic values.

Future research priorities should include: 1) conducting multi-centre randomised
controlled trials with reported effect sizes and confidence intervals; 2) establishing
long-term cohort studies to assess sustained impact on clinical competency; 3) de-
veloping explainable Al technologies suitable for educational contexts; and 4) for-

mulating quality standards and ethical guidelines for Al-assisted imaging teaching.
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