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Applications of Al in Medical Education

Kurt Kratchman, CEO

Using Al and XR technologies for immersive learning and training
in healthcare education




Contents:

e The Pace of Change and Disruption:

Moore’s Law and Kurzweil's Singularity
- e Overview of Immersive Medical Systems
e A Brief History of VR in Hospitals
USing Al and XR e Most impactful use of VR in Hospitals
e Research
teCh nOlOgieS fOI' e Traditional vs Immersive Training
immersive learning and e Definitions: VR, MR, AR, Al

T ; e Capabilities
training in healthcare

e Use Cases




Overview: Moore’s

Law and the Pace of
Change 120 Years of Moore’s Law

MECHANICAL V"‘TCJJBUEM TRANSISTOR INTEGRATED CIRCUIT
e Moore's law is the observation that

the number of transistors in an
integrated circuit (IC) doubles about
every two years. Moore's law is an
observation and projection of a
historical trend. Rather than a law of
physics, it is an empirical relationship
linked to gains from experience in
production.
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e What do you think this means to XR
headsets and the future of
wearables?
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https://ourworldindata.org/moores-law Year
https://longnow.org/seminars/02005/sep/23/kurzweils-law/




Overview: Ray
Kurzweil and
Singularity

Kurzweil describes his law of
accelerating returns which predicts an
exponential increase in technologies like
computers, genetics, nanotechnology,
robotics, and artificial intelligence. Once
the singularity has been reached,
Kurzweil says that machine intelligence
will be infinitely more powerful than all
human intelligence combined. The
singularity is also the point at which
machines' intelligence and humans
would merge

WHEN HUMANS TRANSCEND BIOLOGY

KURZWEIL

AUTHOR OF THE NATIONAL BESTSELLER THE AGE OF SPIRITUAL MACHINES

RAY
KURZWEI

NEW YORK TIMES bestselling suthor

THE

SINGULARITY /
s NEARER

e

When We Merge
with Al




Overview: Ray
Kurzweil and
Singularity

e During the singularity, Kurzweil
predicts that "human life will
be irreversibly transformed"
and that humans will
transcend the "limitations of
our biological bodies and
brain"

e "| set the date for the
Singularity—representing a
profound and disruptive
transformation in human
capability—as 2045”

0 The accelerating pace of change...
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e ...and exponential growth
in computing power...

Computer technology, shown
here climbing dramatically
by powers of 10, is now
progressing more each

hour than it did in its

entire first 90 years

Colossus

CO!V‘I‘P‘I.JTEi‘i”Rﬁrﬂ‘UNGS The electronic
:!\4:‘[;".?)\330 ns per second computer, with
per $1,00 1,500 vacuum

tubes, helped the
British crack German
codes during WW Il

L—. BINAC

Analytical engine
Never fully built,
Charles Babbage's
invention was

Light-
bulb

Moon World

landing

{90 yoars |—

Human

—]22yours|— Wide <« oyears |~ genome

Web sequenced

Apple Il
At a price of $1,298, Nvidia Tesla
the compact GPU&PC

machine was one of
the first massively
popular personal
computers

UNIVAC |

The first commer-
cially marketed
computer, used to
tabulate the U.S. 8400
Census, occupied

943 cu. fr.

1BM
‘,?E,E,, 113
e ©

Imtellec-8

© ... villlead
to the

Singularity

2045
<+— Surpasses
brainpower
equivalent
to that of
all human
brains
combined

Surpasses

brainpower
of human
in 2023

Source: Ti!

Whictwind
designed to solve o POP-10 Power Mac G4
computational and ® - .IBM 1620 The first personal
logical problems ENAC B e o computer to deliver
& BM EDWC  joao more than 1 billion
Zuse3  SSEC floating-point
1BM Tabotator S
Hollerith Py Luse 2 operations per
Tabulator ® National second
° Elkis 3000
o, —ELECTROMECHANICAL e = RELAYS = +——VACUUM TUBES —= »—TRANSISTORS —= » INTEGRATED CIRCUITS ———— >
T T T T T T T
1900 1920 1940 1960 1980 2000 2011

https://content.time.com/time/magazine/article/0,9171,2048299,00.html

—
2020 l

++ 10,000,000,000

++ 100,000

Surpasses
brainpower of
mouse in 2015




Overview: Immersive Medical Systems — Overall
Status and Opportunity

e Current technologies and concepts are founded on more than 30
years of research and development

e Recent changes in cost and access make clinical VR systems
affordable

e Immersive Systems provide new methods to address and
manage difficult problems in healthcare

e After years of study and use by early adopters, validated systems
are poised to move to the mainstream Mot

e On the horizon: enhanced, ubiquitous, informative, and

integrated.
International
Virtual Reality ' VM-AA— l
Healthcare
Association

https://ivrha.org/ https://virtualmedicine.org/




Overview: Clinical AR/VR Systems Have Impact

Learning and Retention

Muscle Memory Motivation/Engagement

Facilitate Cognitive Engagement  Active Involvement:
XR Systems provide users with '
Promote Adherence immersive experiences that maximize

cognitive engagement

https://vhilstanford.edu/people/walter-greenleaf [-E]q;
Pt

https://greenleafmed.com/

Y



The Neuroscience of How VR/AR
Systems Support Clinical Care

e Immersive systems support training and improve clinical
care by taking advantage of the way our brain’s learning

and reward systems function

e VA/AR systems can:

a.

b
c.
d

gl 1

Activate neuroplastic change via reward systems

. Shorten the reward feedback loop — show progress

Leverage minor neuron systems

. Provide insight and perspective by changing time, space,

and point of view
Create experiences with emotional impact
Evaluate in a robust, objective, and functional manner

https:/fvhil.stanford.edu/people/walter-greenleaf
https://greenleafmed.com/




Immersive Medical Systems are currently used for

Functional Training
Objective Assessments
Improved Interventions
Facilitated Adherence
Distributed Care Delive
Prevention and Wellne:
Facilitate Research

8ls]c]
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'Virtual patient’ helps train medics
remotely during pandemic

https://www.bbc.com/news/uk-england-bristol-55202237
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Overview: Most Impactful Use Cases
-
HE B

Most impactful uses of VR in hospitals include:

Operating Workflows
Soft Skills and Communication

e Training and Education

e Exposure Therapy Exposure Therapy: Phobias

e Medical Imaging Panic disorder

e PTSD Treatment Social anxiety disorder

e Pain Management Obsessive-compulsive disorder (OCD)
Phvsical Th Posttraumatic stress disorder (PTSD)

. . Ys'ca _ ?rapy Generalized anxiety disorder

e Vision Training Traumatic brain injury

e Pre-Surgical Visualization

[
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Overview: Research

Journal of Medical Internet Research

1500 - - 20000
“Virtual and Augmented Reality
Application in Medicine: Analysis of
he Scientific Literature”

1200 4 - 16000

@® Results: The analysis was based on data from 8399
papers. Major research themes were diagnostic and
surgical procedures, as well as rehabilitation.
Commonly studied medical conditions were pain,
stroke, anxiety, depression, fear, cancer, and
neurodegenerative disorders. Overall, contributions
to the literature were globally distributed with
heaviest contributions from the United States and
United Kingdom. Studies from more clinically related 300 4 4000
research areas such as surgery, psychology,
neurosciences, and rehabilitation had higher average
numbers of citations than studies from computer
sciences and engineering. 0 !

b
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Annual publication count
Annual citation count

L) ) T T T T T > T T T T g ; : T

NN TV O TS AT V) S0

2828888838885 ¢+¢
: o ' . S S S SSSS

® Conclusions:The conducted bibliometric analysis SRR S I S R S S S R s
unequivocally reveals the versatile emerging Publication year

applications of VR and AR in medicine. With the
further maturation of the technology and improved
accessibility in countries where VR and AR research is
strong, we expect it to have a marked impact on
clinical practice and in the life of patients.

https://www.jmir.org/2021/2/e25499/




Overview: ChatGPT, MCATs, LSATs and GMAT Exams

ChatGPT Passes US Medical Licensing

Exam Without Clinician Input

ChatGPT achieved 60 percent accuracy on the US Medical
Licensing Exam, indicating its potential in advancing artificial
intelligence-assisted medical education.

Differance Treatments Eallariis . Viskory Innovation

Search

i Massachusetts General Hospital The Mass General Conditions & PReseerch &
= fou e, s General Brighan

NEWS . FEB | 9 | 2023

Research Spotlight: Potential for Al-assisted Medical Education Using Large
Language Models

What Question Wers You Investigating?

= @W Business Markets Tech Media Calculators Videos

Markets = Fear & Greed Index
DOwW 38,904.04 0.80% a
Greed
S4P.500 5:204.34 PREES / s driving the US market

NASDAQ 16,248,52 1.24% a 61

Would Chat GPT3 Get a Wharton MBA?

A Prediction Based on Its Performance in the Operations
Management Course
by Christian Terwiesch (terwiesch@wharton.upenn.edu)

ABSTRACT
OpenAl's Chat GPT3 has shown a remarkable ability co automare some of the skills of highly compensated

knowledge worke

includis nanagers, and consultancs. Ch

prof

onal tasks such as writing software code and preparing legal documents. The purpose of

document how Chat GPT3 performed on the final exam of a typical MBA core course, Operac

Management. Exam questions were uploaded as used

a final exam setting and then graded. The

ows. First, it does azi

job ¢ basic oper

. Not only are the
ucprising miscakes in

relatively simple calculations at the level of 6th grade Math. These mistakes can be ve in magnitude. Thicd,

Latest Market News =
Will the total solar eclipse disrupt your ¢
Teachers are using Al to grade essays. |

Looking for a late-night meal? America’

ChatGPT passes exams from law and business
schools




Traditional vs. Immersive Learning

Conventional training methods have limitations in terms of scalability and objective data, which
can result in inadequately prepared employees.

Immersive learning

_#

Scalability

Learning efficacy




Healthcare Education Pain Points

Access to healthcare education and training is unequal and largely dependent on factors such as
resources and geography

For the workforce For patients For organizations

Stress Safety Cost
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Mainstream: Healthcare and Beyond

This presents a significant market opportunity to disrupt the way
healthcare and enterprises develop their workforce.

e The global virtual training and simulation market is projected to triple
to $S602B by 2027.

e 1in 4 large companies plan to, or already use virtual learning (i.e.,
Walmart, UPS).

e 79% of corporate L&D professionals expect to spend more on digital
learning.

® 92% of businesses use some form of learning/training software
(40% of Fortune 500).

e Global VR Healthcare Market Forecast $11B by 2028. CAGR: 2021-
2028 38.3%.

Sources: Fortune Business Insights Desk, Accenture, PwC, Market Data

Forecast

+2.5% CAGR
$402B

Learning & Development (L&D)

$370B

Workplace training

$204B

VR Training & Simulation



Immersive Learning
Solutions

e Today's solutions range from bespoke to platform-
based

e Content creation varies from custom engineering to
user-friendly Al-assisted tools

e Cloud-based solutions run on any device, including
mobile, web, and VR headsets

e Professionals and enterprises must prioritize privacy,
security, and data rights

e Select consultants, companies, and platforms
compliant with certifications like ISO 27001/9001,
Cyber Essentials Plus, and SOC2, offering enterprise-
grade security and privacy

e Governments have specialized compliance and
procurement requirements that must be met (e.qg.
FedRAMP, SAM.gov)




Definitions

Review definitions (what is it?)

What is it? Definitions. What is it capable of? Why is it important?




Definitions: Virtual Reality

Ocular Gene Therapy Simulation https://fundamentalsurgery.com/

Virtual Reality (VR) is a computer-
generated or 360 video environment
with scenes and objects that appear
to be real, making the user feel they
are immersed in their surroundings.
This environment is experienced
through a device known as a Virtual
Reality headset.

8 https://archvirtual.com/




Virtual Reality — 360 Video/Interactive Video

360 video environment. Immersive Video.
This environment is experienced through a device known as a
Virtual Reality headset filmed with 360 video cameras.

Insta360 X3 360 $446 GoPro Max $399 Insta360 Proi2 $4999

Apple Vision Pro $4000 PICO 4 $475 HTC VIVE XR Elite $1099 Meta Quest 3 $495




Definitions:
Augmented Reality
(AR)

Augmented reality (AR) is an
experience where designers enhance
parts of users' physical world with
computer-generated input.

Designers create inputs—ranging from
sound to video, to graphics to GPS
overlays, and more—in digital content
which responds in real-time to
changes in the user's environment,
typically movement.

https://hololens.reality.news/news/medical-software-maker-medivis-closes-2-3-million-
funding-bring-hololens-surgical-platform-0193743/




Definitions: Mixed
Reality (MR)

Mixed reality (MR) is a term
referring to all real-and-virtual
combined environments and
human-machine interactions
generated by computer
technology and wearables.

It includes representative forms
such as augmented reality (AR)
and virtual reality (VR) and the

areas interpolated among them.  pitps//3damedical.coms




Definitions:
Artificial
Intelligence (Al)

Artificial intelligence (Al), in its broadest
sense, is intelligence exhibited by
machines, particularly computer
systems, as opposed to the natural
intelligence of living beings. It is a field
of research in computer science that
develops and studies methods and
software which enable machines to
perceive their environment and uses
learning and intelligence to take actions
that maximize their chances of
achieving defined goals.




Definitions: Spatial
Computing (SC)

e Spatial computing is an emerging
technology that blends virtual
experiences with the physical world,
allowing for more natural and
intuitive human-computer
interactions

e |tinvolves a range of technologies,
including Al, extended reality (XR),
the Internet of Things (loT), Virtual
Reality (VR) sensors, and computer
vision

e When a headset becomes
comfortable, VR/AR will be so
obvious in hindsight.

https://medium.com/@a.salinas.mark/exploring-the-next-big-leap-in-xr-the-arrival-of-spatial-computing-718a3592ab80




Definitions: XR is a catch all: for VR, AR, MR, Al, SC = XR

XR Immersive Systems

https://www.leidenleaminginnovation.org/stories/augmented-reality-app-leiden- https://lavanya-37879.medium.com/the-future-of-care-ar-vr-technology-1d27d7107cd7
medical-students-transplants/

Al Spatial Computing

MXR = Medical XR




Pedagogical
Framework: Bloom'’s

Taxonomy

In 1956, Benjamin Bloom with coll.aborators Max Creating Level 6 BeadiicE B polbt o Views o BT U e e
Englehart, Edward Furst, Walter Hill, and David
Krathwohl published a framework for categorizing e Can the learner justify appraise, argue, defend, judge, select,
educational goals: Taxonomy of Educational a stand or decision? support, value, evaluate
Objectives. Familiarly known as Bloom’s Taxonomy, — ———_—
this framework has been applied by generations of Level 4 Cs:tg‘:e':E(‘j'i'f‘fi'rgr'ft“p"a%;';h differentiate, discriminate, distinguish,
K-12 teachers and college instructors in their Semnsspetmeny Aleson e
teachin S : . choose, demonstrate, dramatise,

g Level 3 Can the I.eamer e mgormanon employ, illustrate, interpret, operate,

Ina new way: schedule, sketch, solve, use, write

The framework elaborated by Bloom and his T —
collaborators consisted of six major categories: Understanding level]2 ~Canthe :frag::g:;‘g'f'" i identify, locate, recognise, report,
Knowledge, Comprehension, Application, Analysis, SRieC AT RapIess
SynthESIS, and Evaluation. The cat'egorles after "", Can the learner recall or define, duplicate, list, memorise,
Knowledge were presented as “skills and abilities,” remember the information? recall, repeat, state
with the understanding that knowledge was the
necessary precondition for putting these skills and
abilities into practice. Creating — Evaluating — Analyzing — Applying — Understanding - Remembering

While each category contained subcategories, all
lying along a continuum from simple to complex
and concrete to abstract, the taxonomy is popularly
remembered according to the six main categories.

Can the learner create a new

XR: Create — Learn — Analyze — Scale

Bloom's taxonomy (revised)

assemble, construct, create, design,




XR Training Performance Data

Efficacy TSt ampEtstralfing Business Impact:
o e Solves an important problem
o e Efficiency
e Productivity
e Convenience
e Scale
e Affordability
e Knowledge Retention
1200 y 29 Minues e Skill Fade Reduction

e [nnovation
e Confidence

Source: PwC VR Soft Skills Training EFficacy Study, 2020

Increased in Increase in Decrease in Décteasein

knowledge confidence onboarding employee

retention applying skills time injury




XR Training Performance Data

VR learners were:

faster to train than more confident to apply more emotionally connected to
in the classroom. skills learned after training. content than classroom learners.

Average emotional connection felt to learning content:

Classroom
E-learn

VR
0.00 5.00 10.00 15.00 20.00 25.00

more focused than
e-learning peers.




XR for Empathy Training

Importance:

e Virtual reality allows users to feel
emotions they could never otherwise
feel in the real world. As much as people
have the capability to empathize, they
can't really walk in another person’s
shoes until they are immersed in that
person’s world, as themselves.

e VR allows people to experience
exclusion, bias, and other situations in
the first person, and it will drive them to
change their own behavior based on
that experience.




XR for Training with Repetition and Practice

Importance:

Virtual reality allows users to go through a
simulation as many times as they like for no
additional cost. If you want to practice
solving a customer service problem with a
real person, you need to pay for their time
and they need to be able to come up with
different responses every time — but Al-
powered virtual humans can do that on the
fly, every time, at almost zero marginal cost
to the organization. And repetition and

practice is one of the best ways to learn and
drill skills.

. ¥




Definitions

What is it? Definitions. What is it capable of? Why is it important?

Discuss use cases from the field (what is it capable of?)




System Design for Scale with Interactive Video

Today instructional designers can create unique, scenario-based learning content by uploading and
recording video—either 360-degree or standard 2D—and enhancing it with interactivity, additional
media, and questions.
https://www.virti.com




System Design for Scale with Virtual Humans

Al-assisted Virtual Humans enable trainers to design immersive role-playing scenarios with customizable
learning objectives and personality traits. Leveraging advanced speech recognition, neural voices,
animations, and conversational Al, these Virtual Humans deliver highly realistic and scalable training
experiences.




Experiential Learning: Try a Virtual Human Now

Choose a scenario and customize your Virtual Human. https://try.virti.com/
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Contextualizing Al

The Museum of Science, Boston, has a permanent exhibition exploring Al which includes Virti in
Healthcare display

https://www.mos.org/discover/topics/artificial-intelligence

https://www.mos.org/visit/exhibits/exploring-ai-making-invisible-visible




Trends in Virtual Human Adoption and 360 Video

100%
75%
50%
25%
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B Video Virtual Human




Infrastructure: End-to-end Applied Al

Natural Language
Processing &
Generative Al

Large Language Models &
Unstructured Data

Automatic Speech
Recognition

Large Language Models &

Neural Voices Unstructured Data







