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Ethos: What are my credentials?

PhD in medical informatics
30 years of professional experience of working on, collaborating with, and teaching
about AI in healthcare

Primarily in medical imaging and natural language processing
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Ethos: What are my credentials?

Long-term patient
4-time cancer survivor
Two childhood cancers (1976, 1983)
Two adult cancers
12+ surgeries
4 emergencies
Advanced peritonitis
Gangrenous strangulated bowel
Many resulting chronic issues!
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Pathos: Why digital health?
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Pathos: Healthcare has delivery challenges (Braithwaite, Glasziou, and
Westbrook 2020)
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Pathos: Healthcare has delivery challenges 1

1World Bank
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Pathos: Healthcare occurs in time-constrained settings (2017) (Irving et
al. 2017)
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Pathos: An overwhelming amount of information (Medicine et al. 2008)
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Logos: Digital Health, a Brief History

Digital health is many things
wearables, telehealth, EMRs, remote monitoring,. . .

But due to time constraints, I will limit my discussion to facilitating decision making
Artificial Intelligence (AI)

Medical informatics, e-Health, Digital Health, Artificial Intelligence, Cybernetics,
Complex Information Processsing

Labels are mostly created for marketing!
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Root Publication of Digital Health
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Two significant early digital health papers

JAMA 1961
Computerized (probabilistic) medical

knowledge

NEJM 1968
Rational data collection and organization
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Three flavors of medical decision support (AI)

Probability (1960s, and 1990s): The Best!
Represent knowledge as as probabilities and use Bayes’ theorem to make inferences

Logic/Expert Systems (1970s-1980s): The Most!
Represent knowledge as computable rules and relationships

Machine Learning (2000 present): All the rage!
Learn implicit or explicit relationships between data (input) and classifications,
predictions, etc. (output)
LLMs (ChatGPT, Claude, Llama3, etc.)
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Probabilistic AI

Probabilities are great
Optimal way of reasoning under uncertainty

Probabilities are challenging
You need a lot of them
How do you calculate the probabilities?
Judea Pearl: Bayesian Networks (DAG) 1980s
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Early Expert System AI in Healthcare: MYCIN (1973)

“An artificial intelligence program to advise
physicians regarding antimicrobial therapy”
(Shortliffe et al. 1973)

Exploration of heuristics
How to pragmatically represent
uncertainty?
How do real humans, as opposed to
“rational actors”, make decisions?
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Early Expert System AI in Healthcare: MYCIN

“Our goal is to build a program that can
assist working scientists with reasoning
problems. You wouldn’t expect a tool to
have all of the power of a working scientist,
but you would hope that you could
design a smart system to provide
some of the solutions to subproblems.”
(D. 1977)
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Deep Learning, Generative AI, and Medicine
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What is driving this publication acceleration?

Hardware
Algorithms
Availability of data!

Brian E. Chapman, PhD The Journey of Digital Health to Date 2024-10-11 17 / 38



Implications of data-driven AI

The most FDA (USA) approved “AI” tools are in imaging (FDA 2022)
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Why might imaging applications be so common?

Do radiologist need extra help (relative to their peer clinicians)?
Or is it about the availability of the data?
Application development might be driven more by data than need
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Early Reactions to Early AI (in Healthcare)

“Experts Argue Whether Computers Could reason, and if They Should”

Warner: “Old cardiologists just couldn’t
believe that a computer could do something
better than a human.” (Quoted in
(McGrayne 2011))

“The most profoundly depressing of all ideas
about the future of the human species is the
concept of artificial intelligence.” (Lewis
Thomas, M.D., NEJM February 28, 1980
(“Artificial Intelligence” 1980))
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Why?

Artificial intelligence seems to threaten our sense of human uniqueness
But what is unique about humans?
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What are human brains good for? Practicing medicine?

“What, then, is the role of the biological
brain. . . .It is expert at recognizing patterns, at
perception, and at controlling physical actions,
but it is not so well designed. . . for complex
planning and long, intricate, derivations of
consequences. It is, to put it bluntly, bad at
logic and good at Frisbee.” (Clark 2003)

a

Andy Clark
aThe New Yorker
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Human brain exceptionalism

“[W]hat is special about human brains, and what best explains the
distinctive features of human intelligence, is precisely their ability to
enter into deep and complex relationships with nonbiological
constructs, props, and aids. This ability, however, does not depend on
physical wire-and-implant mergers, so much as on our openness to
information-processing mergers.” (Clark 2003)
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“Information-processing mergers” (Clark 2003)

External objects that aid the mind’s reasoning
paper and pencil to do arithmetic
books for storing and recalling knowledge
Cell phones, computers

Extended mind theory
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Medicine makes extensive use of extended senses

Eye glasses
Diagnostic imaging
Stethoscopes
Microscopes
Is the extended mind different?
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Imperfect Decision Making

Healthcare is filled with imperfect decision makers—clinicians
Digital health is filled with imperfect decision support tools (AI)
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Less Imperfect Decision Making 2

2Karin Verspoor
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“Man-Computer Symbiosis” (Licklider 1960)

“The hope is that, in not
too many years, human
brains and computing
machines will be coupled
together very tightly and
that the resulting
partnership will think as no
human brains as ever
thought. . . .”
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Central digital health question

How should we, imperfect decision makers, think with these imperfect
AI tools (information mergers)?
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Implications of data-driven AI: Data quality (Braithwaite, Glasziou, and
Westbrook 2020)

These suboptimal processes will create
suboptimal data. Should we be building AI tools
based on these suboptimal data?
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Thinking with (explaining) AI: Black Box AI
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Thinking with (explaining) medicine: Black Dog Medicine

Do you have any concerns about Levi
functioning in the healthcare system?
Would you feel differently if it was an
algorithm?
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Conclusion

Digital health is an imperative for modern medicine
Digital health is as old as digital computers

There is a lot to learn from the past
Digital health for decades has evoked ambiguous reactions

Don’t panic about the present
Digital health requires us to learn how to think with digital information mergers

Different clinical training is required
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Parting provocation

It is a profoundly erroneous truism, repeated by
all copy-books and by eminent people when they
are making speeches, that we should cultivate the
habit of thinking of what we are doing. The
precise opposite is the case. Civilization
advances by extending the number of
important operations which we can
perform without thinking about them.
Operations of thought are like cavalry charges in
a battle — they are strictly limited in number,
they require fresh horses, and must only be made
at decisive moments. (Whitehead 1958)
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Thank you!
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