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Artificial intelligence (AI) based devices are currently
being used in the delivery of surgical care in a variety of
settings."” However, Al-enabled systems can trigger
a variety of opinions and emotions, which reveals the
different lenses that shape views on Al Nonethless, work
within surgical education may necessitate a more balanced
view; with an acknowledgment of the participation of Al-
enhanced devices in the delivery of surgical care and
education, and consideration for how individuals can best
utilize and complement these tools.”

In order to support a nuanced discussion of Al in
surgical care, we can explore how Al has been reported
and discussed in the literature. Unfortunately, the lit-
erature defining and describing Al is fragmented; likely
contributing to the diverse views and reactions to Al-
enabled technology. Hence, this editorial will synthe-
size a variety of definitions from various Al-adjacent
fields in order to provide a brief and accessible defi-
nition of AI for surgical education, promoting and
supporting dialogue amongst disciplines based on
a shared understanding.

Based on examining definitions in computer science/
engineering, Al is commonly defined as intelligent agents
(ie system/program that can learn, adapt, change, and re-
spond based on the inputs received from their environment)
that act to achieve the best possible outcome, focusing on
optimization of uncertain answers.* As 1 example, Al-
enabled alogrithm results in Google “predicting” what
webpage would be most relevant to your search. In
Kindergarden-12 and general higher education, Al is
commonly defined as a computer-based learning system
that performs tasks traditionally fulfilled by educators or
tutors at an equivalent or superior level, adapting to the
needs and goals of learners while providing personalized
feedback.” Examples include personal and collaborative
tutoring systems that provide immediate, user-adaptive
feedback to students. In health care, Al is commonly
defined as a branch of engineering and computer science
which creates systems programmed to function and rep-
licate intelligent human behavior, analyze complex
medical data, assist physicians in diagnosing diseases,

assist surgeons during a procedure, develop drugs along
with treatment plans, predict patient outcomes, and de-
termine optimal resource allocation.®

By drawing on the above definitions, we suggest the
following definition for Al in surgical education: An in-
telligent system/program that acts to fulfill or support the
Sfulfillment of educational tasks traditionally performed
exclusively by Surgical Educators, through making de-
cisions in a manner similar to educators and providing
customized adaptation, including performance assess-
ment and feedback, to surgical trainees.

With this definition in mind, we also suggest that Al
systems used in surgical education can be classified in
a variety of ways. The most straightforward means is to
consider the core of how the Al system is programmed to
work: with or without explicit rules. Rule-based Al
generates pre-defined outputs based on certain rules
programmed by humans, exhibiting ‘fixed intelligence’
by following a series of rules and instructions in a tree of
steps (eg, decision tree). For example, an intelligent
tutoring system developed to teach and assess cognitive
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and procedural skills required in basic robotic suturing,
that uses interactive conversation trees and changes the
content that students progress through (based on
a baseline knowledge test and knowledge checks along
the way) is an example of a rule-based Al system.” On
the other hand, non-rule-based AI simulates human in-
telligence to perform tasks without necessarily relying
on pre-determined rules, building algorithms that auto-
matically adapt to change, and this is the most popular
application of Al in surgery and surgical education.®’
For example, using supervised machine learning algo-
rithms (artificial neural networks) to classify patterns of
performance that distinguish between expertise levels in
a virtual reality Sim-Ortho simulation task is an example
of a non-rule-based AIL'®

In conclusion, our definition contributes to building
a shared understanding of Al in surgical education,
which is an important step in building and strength-
ening bridges between and across disciplines, to en-
hance the development and application of Al into
surgical training and associated research. Currently,
progress is being made to develop Al-enhanced surgical
education tools, such as virtual simulations that allow
for personalized, flexible, and dynamic learning envi-
ronments that would not be otherwise possible. As with
any educational tool or technology, Al can be a pow-
erful component of our eduational arsenal, when used
purposefully and embedded thoughtfully within edu-
cational programs.

Acknowledgments

We would like to thank Dr. Dan Poenaru (McGill University,
Department of Pediatric Surgery), Dr. Maryam Wagner (McGill
University, Institute of Health Sciences Education), and Andrea
Quaiattini (McGill University, Librarian) for providing feedback
to our article. We would also like to thank Hamed Ranjbar,
Michelle Cwintal, Kalin Kahla, and Dheeksha Reddy (McGill
University, MSc students) for their help in finding the definitions
of Al across various disciplines.

Author Contributions

Study concept and design: Elif Bilgic, Andrew Gorgy, Jason M.
Harley

Acquisition of data: Elif Bilgic, Andrew Gorgy, Meredith Young,
Samira Abbasgholizadeh-Rahimi, Jason M. Harley

Analysis and interpretation: Elif Bilgic, Andrew Gorgy, Meredith
Young, Samira Abbasgholizadeh-Rahimi, Jason M. Harley
Study supervision: Jason M. Harley

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
This research was supported by The Social Sciences and Hu-
manities Research Council of Canada [ID 611-2020-0157].

ORCID iDs
Elif Bilgic
Jason M. Harley

https://orcid.org/0000-0003-2170-5897
https://orcid.org/0000-0002-2061-9519

References

1. Hale C. Abbott launches Al-powered coronary OCT imaging
system in Europe. https:/www.fiercebiotech.com/medtech/
abbott-launches-ai-powered-coronary-oct-imaging-system-
europe. Updated April 27, 2021

2. FDA Authorizes Marketing of First Device that Uses Artificial
Intelligence to Help Detect Potential Signs of Colon Cancer.
Silver Spring, MD: U.S. Food & Drug Administration.

3. Hodges BD. Learning from Dorothy Vaughan: artificial
intelligence and the health professions. Med Educ. 2018;
52(1):11-13. doi:10.1111/medu.13350.

4. Dobrev D. Formal definition of artificial intelligence. Int J
Inf Theories Appl. 2005;12:277-285.

5. Zawacki-Richter O, Marin VI, Bond M, Gouverneur F.
Systematic review of research on artificial intelligence
applications in higher education — where are the educators?
Int J Educ Technol High Educ. 2019;16(1). doi:10.1186/
s41239-019-0171-0.

6. Mintz Y, Brodie R. Introduction to artificial intelligence in
medicine. Minim Invasive Ther Allied Technol. 2019;28(2):
73-81. doi:10.1080/13645706.2019.1575882.

7. Julian D, Smith R. Developing an intelligent tutoring system
for robotic-assisted surgery instruction. Int J Med Robot.
Dec 2019;15(6):¢2037. doi:10.1002/rcs.2037.

8. Baloul MS, Yeh VJ, Mukhtar F, et al. Video commentary &
machine learning: tell me what you see, i tell you who you
are. J Surg Educ. 2020. doi:10.1016/j.jsurg.2020.09.022.

9. Winkler-Schwartz A, Bissonnette V, Mirchi N, et al. Arti-
ficial intelligence in medical education: best practices using
machine learning to assess surgical expertise in virtual re-
ality simulation. J Surg Educ. 2019;76(6):1681-1690. doi:
10.1016/j.jsurg.2019.05.015.

10. Mirchi N, Bissonnette V, Ledwos N, et al. Artificial neural
networks to assess virtual reality anterior cervical dis-
cectomy performance. Oper Neurosurg (Hagerstown).
2020;19(1):65-75. doi:10.1093/ons/opz359.


https://orcid.org/0000-0003-2170-5897
https://orcid.org/0000-0003-2170-5897
https://orcid.org/0000-0002-2061-9519
https://orcid.org/0000-0002-2061-9519
https://www.fiercebiotech.com/medtech/abbott-launches-ai-powered-coronary-oct-imaging-system-europe
https://www.fiercebiotech.com/medtech/abbott-launches-ai-powered-coronary-oct-imaging-system-europe
https://www.fiercebiotech.com/medtech/abbott-launches-ai-powered-coronary-oct-imaging-system-europe
https://doi.org/10.1111/medu.13350
https://doi.org/10.1186/s41239-019-0171-0
https://doi.org/10.1186/s41239-019-0171-0
https://doi.org/10.1080/13645706.2019.1575882
https://doi.org/10.1002/rcs.2037
https://doi.org/10.1016/j.jsurg.2020.09.022
https://doi.org/10.1016/j.jsurg.2019.05.015
https://doi.org/10.1093/ons/opz359

	Artificial Intelligence in Surgical Education: Considerations for Interdisciplinary Collaborations
	Acknowledgments
	Author Contributions
	Declaration of Conflicting Interests
	Funding
	ORCID iDs
	References


