“Q

£ SCIENCE SET

L e——
OPEN ACCESS PUBLISHERS

Research Article

Journal of Medical Physics and Biophysics Simulations

/4

Artificial Intelligence in Distance Medical Learning: A Comprehensive
Review

Patrik James Kennet'*& Soren Falkner?

'Massachusetts Institute of Technology, Massachusetts Ave, Cambridge, MA 02139, United States
2Vienna University of Technology, Faculty of Computer Engineering, Vienna, Austria

*Corresponding author: Patrik James Kennet, Massachusetts Institute of Technology, Massachusetts Ave, Cambridge, MA 02139, United
States.

Submitted: 18 November 2025 Accepted: 24 November 2025 Published: 23 January 2026

Citation: Kennet, P. J., & Falkner, S. (2026). Artificial Intelligence in Distance Medical Learning: A Comprehensive Review, J of Med Phys Biopsys

Simul, 2(1), 01-05.

Abstract A
Background: The increasing demand for global healthcare professionals necessitates scalable, high-quality
medical training. Distance learning models, accelerated by global public health demands, require novel ped-
agogical tools to bridge the gap between virtual instruction and complex clinical reality. Artificial Intelligence
(Al) technologies offer a transformative solution.

Objective: This systematic review aims to comprehensively evaluate the current landscape of Al integration in
distance medical education, analyze its impact across key educational domains (cognition, psychomotor skills,
assessment), and critically appraise the associated ethical, logistical, and pedagogical challenges [1-10)].

Methodology: A systematic search and synthesis of high-impact studies, systematic reviews, and consensus pa-
pers published between January 2020 and October 2025 were conducted, utilizing databases such as PubMed,
ERIC, and Scopus. Inclusion criteria prioritized studies reporting empirical data on educational outcomes or
rigorous theoretical frameworks for Al deployment in fully remote or hybrid medical and health professions
education. The findings were categorized using a modified PRISMA-ScR structure focused on Al function and
educational impact.

- J
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Introduction

The AI Revolution in Healthcare Training

Medical education faces a perpetual challenge: balancing the
need for rigorous, individualized training with the necessity of
scaling the healthcare workforce. Traditional distance learning,
while solving geographical barriers, often struggles with main-
taining high-fidelity clinical exposure, providing personalized
instruction, and offering timely, objective feedback all critical
components of medical training [11-21].

Artificial Intelligence (Al), specifically the technologies of Ma-
chine Learning (ML) and Deep Learning (DL), offers tools to re-

Page No: 01 /

www.mkscienceset.com

solve these deficiencies. Al can analyze vast, complex data sets
(e.g., student performance, clinical images, motion tracking) to
mimic human cognitive processes, thereby creating dynamic,
intelligent, and autonomous educational environments [22-32].

This review systematically examines how these tools are be-
ing deployed in remote settings and the resultant pedagogical
shifts, moving the discussion from theoretical potential to ev-
idence-based outcomes and critical implementation strategies.

Methodology of the Systematic Review
Search Strategy and Data Sources
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A targeted systematic search was executed across major academ-
ic databases (PubMed, Scopus, Web of Science, and ERIC) cov-
ering literature published from 2020 to 2025. Key search term
combinations included: ("Artificial Intelligence" OR "Machine
Learning" OR "Deep Learning" OR "LLM") AND ("Medical
Education" OR "Health Professions Education") AND ("Dis-
tance Learning" OR "Online Education" OR "Virtual Training")
[33-43].

Selection and Synthesis Criteria

Inclusion criteria were defined as:

Focus on the application of Al technologies.

Context of education for medical or health profession students
(undergraduate, graduate, or continuing professional develop-
ment). Delivery modality involving a significant distance or
remote component (online, hybrid, VR/AR). Empirical studies
(RCTs, observational studies) or high-quality systematic/scop-
ing reviews.

Exclusion criteria included non-Al technology reviews (e.g., ge-
neric video conferencing studies) or papers focused solely on Al
in administrative tasks. Data synthesis was performed narrative-
ly, grouping findings based on the specific Al application and
the targeted educational outcome (e.g., cognitive, psychomotor,
affective domains).

Core Applications of Al in Distance Medical Education

The synthesis revealed three distinct, yet interconnected, do-
mains of Al application crucial for effective remote medical
training.

Domain 1: Intelligent Tutoring and Adaptive Learning Sys-
tems (Cognitive Mastery)

Intelligent Tutoring Systems (ITS) leverage Al to optimize the
learner's journey towards conceptual mastery, effectively replac-
ing the static, linear model of traditional asynchronous learning.

Technology: ML Algorithms (e.g., Bayesian Knowledge Trac-
ing) model the student’s evolving knowledge state across a cur-
riculum.

Function: These systems continuously assess a learner's profi-
ciency and confidence, adjusting the difficulty level, sequenc-
ing of content, and the type of instructional intervention (e.g.,
video lecture, interactive case, targeted quiz) in real-time. This
dynamic pacing ensures students are challenged at their Zone of
Proximal Development (ZPD) [44-49].

Empirical Evidence: Studies comparing ITS against standard
e-learning modules have demonstrated a statistically significant
reduction in learning time (up to 30%) for the same level of mas-
tery, indicating enhanced learning efficiency. This is especially
valuable in remote settings where dedicated instructor time is
scarce.

Generative Al (LLMs): Recently, Large Language Models
(LLMs) have been adapted to function as conversational tutors,
allowing students to ask complex, open-ended clinical questions
and receive highly contextualized and accurate explanations.
This supports deeper conceptual understanding, moving beyond
simple factual recall.
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Domain 2: High-Fidelity Clinical Simulation (Psychomotor
and Communicative Skills)

Al significantly enhances the fidelity and pedagogical value of
remote simulation environments (VR/AR/Telerobotics), making
complex skills acquisition accessible from a distance.

Technology: Deep Learning (DL) for Visual and Motion Analy-
sis combined with LLMs for Conversational Fidelity.

Psychomotor Skill Training (Surgical/Procedural): Al ana-
lyzes video feeds or motion-capture data from remote simulators
(e.g., laparoscopic trainers) to provide objective, metric-based
feedback on performance quality. Metrics include tool path ef-
ficiency, force applied, tissue damage, and surgical fluency. Al
systems can score a resident's performance using established
metrics like the Objective Structured Assessment of Technical
Skills (OSATS) with inter-rater reliability often exceeding that
of human experts [50-58].

Communicative Skill Training (Virtual Patients): Al-pow-
ered Virtual Patient (VP) simulators are controlled by sophisti-
cated LLMs, allowing VPs to respond realistically and conver-
sationally to a learner’s history-taking and diagnostic inquiries.
The Al tracks communication effectiveness, empathy, and diag-
nostic accuracy, providing feedback on both clinical knowledge
and professional demeanor. This is a critical tool for remote de-
velopment of crucial soft skills.

Domain 3: Assessment, Grading, and Predictive Analytics
Al automates resource-intensive assessment processes and gen-
erates actionable insights into student success metrics.

NLP-Driven Grading: Natural Language Processing (NLP) al-
gorithms evaluate unstructured text submissions (e.g., clinical
case write-ups, reflective journals). Beyond simple correctness,
NLP can assess the quality of clinical reasoning, the complete-
ness of differential diagnoses, and the structure of argumenta-
tion, offering detailed formative feedback that is both rapid and
consistent [59-64].

Learning Analytics and Predictive Modeling: ML models an-
alyze student engagement data (log-in frequency, time on task,
interaction with peers) alongside performance scores to predict
academic risk identifying students likely to fail an examination
or drop out. This allows course directors to initiate proactive,
personalized interventions rather than reactive remediation.

Implementation Strategies and Pedagogical Impact
The integration of Al requires a strategic, phased approach to
maximize educational gains while mitigating disruption.

Shifting the Faculty Role

Al automates the "information delivery" and "initial feedback"
roles, prompting a necessary shift in faculty focus toward men-
torship, complex clinical reasoning, and teaching humanistic
competencies. Faculty time is liberated from grading and repet-
itive lecturing to focus on nuanced ethical discussions, complex
case debriefings, and advanced clinical modeling. The Al be-
comes the coach for baseline competency, while the human fac-
ulty remain the master for clinical wisdom.
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Need for Al Literacy in the Curriculum

It is no longer sufficient to train physicians who simply use clin-
ical data; they must be prepared to use tools derived from Al
Medical schools must integrate Al literacy into the core curricu-
lum, ensuring graduates understand:

The principles of ML and DL

How Al tools are validated and deployed in practice.

The inherent limitations, biases, and ethical risks of relying on
Al in clinical decision-making.

Measuring Long-Term OQutcomes

A current gap in the literature is the scarcity of longitudinal stud-
ies linking Al usage in distance learning to ultimate patient out-
comes. Future research must move beyond immediate test scores
(cognitive domain) to assess the impact on clinical performance
and long-term professional development[65-74].

Ethical and Governance Frameworks
Responsible deployment of Al in medical education hinges on
addressing four critical ethical concerns.

Data Sovereignty and Privacy

Al systems require vast amounts of learner data for training and
personalization. Institutions must implement robust data gov-
ernance policies, potentially utilizing Federated Learning tech-
niques where models are trained locally on secure data without
requiring the raw data to be centralized. Compliance with priva-
cy regulations (e.g., HIPAA, GDPR) is non-negotiable.

Addressing Algorithmic and Social Bias

Al models trained on skewed data sets (e.g., images of skin
conditions primarily from light-skinned patients) can generate
biased diagnostic or treatment recommendations. In a distance
learning environment, this bias can be amplified. Educators must
enforce a "fairness audit" on all deployed Al tools to ensure eq-
uitable educational opportunities and prevent the perpetuation of
health inequities.

Interpretability and Trust

The opacity of complex DL models (the "Black Box" problem) is
problematic in a field that values reasoning and justification. Fu-
ture Al tools in education must prioritize Explainable Al (XAI)
techniques, allowing learners and faculty to understand the ratio-
nale behind a system's score or recommendation, thus fostering
trust and critical engagement rather than blind reliance[75-83].

The Impact on Humanism in Medicine

The risk of "dehumanization" through over-reliance on virtu-
al and automated instruction must be vigilantly managed. The
curriculum must intentionally preserve and emphasize direct,
supervised human interaction for teaching compassion, ethical
judgment, and complex multidisciplinary teamwork, ensuring
that the technology serves as an augmentation of, not a replace-
ment for, the human educator.

Conclusion

Artificial Intelligence is poised to become the most transfor-
mative force in the evolution of distance medical education.
By enabling unprecedented levels of personalization, objective
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assessment, and high-fidelity simulation, Al offers a clear path
toward globally scalable and demonstrably effective CBME.
The evidence indicates that Al improves learning efficiency and
engagement.

The challenge now is not technological, but cultural and ethical.
Educational institutions must proactively invest in faculty train-
ing, establish comprehensive governance protocols, and embed
ethical discussions into the core of their curricula. Only through
this concerted, ethical, and strategically implemented approach
can we fully realize the potential of Al to train the next genera-
tion of highly competent and compassionate healthcare profes-
sionals for the world.
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