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AI in Healthcare

“The most profoundly depressing of all ideas about the future of the human species is
the concept of artificial intelligence.” (Lewis Thomas, M.D.)

New England Journal of Medicine
February 28, 1980 (“Artificial Intelligence” 1980)
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What do we mean by Artificial Intelligence?

Section 1

What do we mean by Artificial Intelligence?
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What do we mean by Artificial Intelligence?

What I was taught!

“Artificial intelligence is mostly
artificial and not very intelligent.”

Figure 1: T. Allan Pryor
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What do we mean by Artificial Intelligence?

What is AI?

The field of artificial intelligence (AI) officially started in 1956, launched by a
small but now-famous DARPA-sponsored summer conference at Dartmouth Col-
lege, in Hanover, New Hampshire. . . .From where we stand now, into the start of
the new millennium, the Dartmouth conference is memorable for many reasons,
including. . . the term ‘artificial intelligence’ was coined there. . . .(Bringsjord and
Govindarajulu 2022)
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What do we mean by Artificial Intelligence?

What is AI?

Though the term ‘artificial intelligence’ made its advent at the 1956 conference,
certainly the field of AI, operationally defined. . . was in operation before 1956.
(Bringsjord and Govindarajulu 2022)
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What do we mean by Artificial Intelligence?

Precursors of AI: Gottfried Wilhelm Leibniz
When controversies arise, there will
be no more need for a disputation
between two philosophers than there
would be between two accountants
[computistas]. It would be enough
for them to pick up their pens and
sit at their abacuses, and say to
each other (perhaps having sum-
moned a mutual friend): ‘Let us
calculate.’ (quoted in (Bringsjord
and Govindarajulu 2022))

a

aWikipedia
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What do we mean by Artificial Intelligence?

What is in a name? Herbert Simon

What if instead of “artificial
intelligence” we said “complex
information processing”?

“What’s in a name? That which we call a rose, by
any other word would smell as sweet.” (“Romeo
and Juliet”)

a

aWikipedia
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What do we mean by Artificial Intelligence?

The term “Artificial Intelligence” is marketing
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What do we mean by Artificial Intelligence?

What is AI?1

Human-based Ideal Rationality

Reasoning-Based Systems that think
like humans.

Systems that think rationally.

Behavior-Based Systems that act
like humans.

Systems that act rationally.

1(Bringsjord and Govindarajulu 2022)
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What do we mean by Artificial Intelligence?

AI or not AI?
AI or not AI?
PollEv.com/brianchapman270
brianchapman270 to 22333
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What do we mean by Artificial Intelligence?

AI or not AI?

John McCarthy: “As soon as it
works, no one calls it AI anymore.”
(Mitchell 2019)

a

aThe Independent
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What do we mean by Artificial Intelligence?

What is “Artificial”?

Created by humans through engineering processes
Training pigeons to recognize cancerous cells in histology slides (Fry 2019, 79) would not
be artificial
Nor would training dogs to recognize GI cancers through smell
But building cell-based computers might be
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What do we mean by Artificial Intelligence?

What is “Intelligence”?

Multifaceted and complex cognitive ability that encompasses various mental faculties.
Capacity to acquire, process, and apply knowledge to:

reason, solve problems
abstract, conceptualise, comprehend
make decisions
adapt to new situations
learn from experiences
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What do we mean by Artificial Intelligence?

What is “Intelligence”?

Intelligence can manifest in various forms:
logical-mathematical intelligence
linguistic intelligence
spatial intelligence
emotional intelligence

BE Chapman, PhD Thinking about Thinking with AI 2023-09-28 18 / 74



What do we mean by Artificial Intelligence?

Three flavors of AI (in alphabetical order)

Logic/Expert Systems
Represent knowledge as computable rules and relationships

Machine Learning
Learn implicit or explicit relationships between data (input) and classifications,
predictions, etc. (output)

Probability
Represent knowledge as as probabilities and use Bayes’ theorem to make inferences
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Why AI?

Section 2

Why AI?
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Why AI?

What are brains good for?

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)
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Why AI?

Human brain exceptionalism

For what 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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Why AI?

“Information-processing mergers” (Clark 2003)

External objects that aid the mind’s reasoning
Example: paper and pencil to do arithmetic
Example: Cell phones

“Finnish youngsters have dubbed the cell phone ‘kanny,’ which means extension of the hand.”
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Why AI?

Natural-born Cyborgs

Our minds think with

Our biological brains

Our bodies
External objects
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Why AI?

Natural-born Cyborgs

Our minds think with

Our biological brains

Our bodies

External objects

Extended mind theory
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Why AI?

Medicine makes extensive use of extended senses

Diagnostic imaging
Stethescopes
Microscopes
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Why AI?

Poll Everywhere
Is the extended mind theory different?
PollEv.com/brianchapman270
brianchapman270 to 22333
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Why AI?

Poll Everywhere
Should we think about what we are
doing?
PollEv.com/brianchapman270
brianchapman270 to 22333
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Why AI?

Limited Cognitive Capacity: Alfred North Whitehead

It is a profoundly erroneous truism,
repeated by all copy-books and by em-
inent 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. Civ-
ilization advances by extending
the number of important opera-
tions which we can perform with-
out thinking about them. Opera-
tions 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 mo-
ments. (Whitehead 1958)
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Why AI in healthcare?

Section 3

Why AI in healthcare?
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Why AI in healthcare?

Francis Bacon: Idols of the Mind 2

Universal mental limitations “inherent
in human nature”
Acquired beliefs of human problem
solvers “corrupts the light of nature”
The limits of language “throw
everything into confusion”
Developed systems of thought “which
have become inveterate by tradition,
implicit credence and neglect.”a

a“For the past 40 years, research by psychologists
has confirmed the writings of Bacon.” Weed

a

aWikipedia
2This summarization of Bacon is from Larry Weed.
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Why AI in healthcare?

Why did early AI researchers work on medical problems?

Because it is interesting
Because the practice of modern medicine exceeds the capacity of the unaided human
mind
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Why AI in healthcare?

Healthcare is expensive 3

3Data are taken from the World Bank
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Why AI in healthcare?

Healthcare is dangerous
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Why AI in healthcare?

Healthcare has delivery challenges (Braithwaite, Glasziou, and
Westbrook 2020)
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Why AI in healthcare?

Healthcare delivery challenge 4

Does AI in
healthcare need to
look the same
everywhere?

4Data are taken from the World Bank
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Why AI in healthcare?

Overwhelming amount of information (Medicine et al. 2008)
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Why AI in healthcare?

Early Probabilistic AI in Healthcare: 1961

“A Mathematical Approach to Medical Diagnosis: Application to Congenital Heart Disease”
(WARNER et al. 1961)
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Why AI in healthcare?

Early Expert System AI in Healthcare: MYCIN (1973)

“An artificial intelligence program to advise physicians regarding antimicrobial therapy”
(Shortliffe et al. 1973)
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Why AI in healthcare?

Early Expert System AI in Healthcare: MYCIN
But with MYCIN, the program that
diagnoses disease and prescribes treatment,
the experts were not willing to do away with
the doctor and let the computer dispense
pills to each patient in the hospital.
“If a program such as MYCIN were acting
independently of a physician, I think that
would be inappropriate,” said Professor
Buchanan, who has a computer
terminal in his home. “The problem is
that human diseases are open-ended.

Figure 2: NYT 1977
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Why AI in healthcare?

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)

Figure 3: NYT 1977
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Why AI in healthcare?

Early Machine Learning AI in Healthcare (1985)

“A program for machine learning of counting criteria: empirical induction of logic-based
classification rules” (Spackman 1985)
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Challenges with AI

Section 4

Challenges with AI
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Challenges with AI

Challenges

Malicious actors
Adversarial attacks

Imperfect models

BE Chapman, PhD Thinking about Thinking with AI 2023-09-28 44 / 74



Challenges with AI

Malicious Actors (Mirsky et al. 2019)
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Challenges with AI

Malicious Actors
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Challenges with AI

Adversarial Example (Mitchell 2019)
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Challenges with AI

Adversarial Example (Mitchell 2019)
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Challenges with AI

Imperfect Decision Making
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Challenges with AI

Confusion matrix

Actually Positive Actually Negative

Called Positive True Positive, power,
sensitivity, recall, hit
rate

False Positive, type I error,
false alarm

Called Negative False Negative, type
II error

True Negative, specificity
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Challenges with AI

Imperfect Models

Figure 4: Wikipedia

By cmglee, MartinThoma, CC BY-SA 4.0
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Challenges with AI

Less Imperfect Models 5

5Karin Verspoor
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Challenges with AI

How to merge/partner with information resource is an open question
(Cabitza et al. 2023)

AI support was found useful but XAI was associated with a null or detrimental effect.
AI-first protocols had higher accuracy than human-first ones and humans or AI alone.
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Challenges with AI

How automated do we want medicine to be? (Topol 2019)

BE Chapman, PhD Thinking about Thinking with AI 2023-09-28 54 / 74



Challenges with AI

Data Scarcity (Johnson et al. 2022)
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Current Applications in Healthcare

Section 5

Current Applications in Healthcare
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Current Applications in Healthcare

Victoria, Australia

“AI” is currently “banned” in healthcare
But Epic and Cerner have decision support tools that are “AI”

And I’m looking at large language models for text simplification and summarization for
patients
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Current Applications in Healthcare

Intermountain Healthcare

Pneumonia surveillance
Image processing
Text analysis
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Current Applications in Healthcare

The most FDA approved “AI” tools are in imaging

Radiology
Ophthalmology
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Current Applications in Healthcare

AI in Mammography (Jackson 2023)

Lead author of the study Dr Kristina Lång, from Lund University in Sweden, said: “The greatest potential
of AI right now is that it could allow radiologists to be less burdened by the excessive amount of reading.
“While our AI-supported screening system requires at least one radiologist in charge of detection, it could
potentially do away with the need for double reading of the majority of mammograms, easing the pressure
on workloads and enabling radiologists to focus on more advanced diagnostics while shortening waiting
times for patients.”
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Current Applications in Healthcare

AI in Mammography (Satariano, Metz, and Akos 2023)

“An A.I.-plus-doctor should replace doctor alone, but an A.I. should not replace the doctor,”
Mr. Kecskemethy said.
The National Cancer Institute has estimated that about 20 percent of breast cancers are missed during
screening mammograms.
Dr. Constance Lehman, a professor of radiology at Harvard Medical School and a breast imaging specialist
at Massachusetts General Hospital, urged doctors to keep an open mind.
“We are not irrelevant,” she said, “but there are tasks that are better done with computers.”
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Ethical Issues

Section 6

Ethical Issues
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Ethical Issues

Some challenges of using AI (from Simon D’Alfonso)

Lack of Transparency in AI Algorithms
Challenges in Assigning Responsibility

Credit attributions in cases of AI success?
Blame attributions in cases of AI failure?

Importance of Explainable AI (XAI)
Interpretability
Explainability
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Ethical Issues

Cognitive Outsourcing (Danaher 2018)

As Selinger and Frischmann (2016) have recently noted, usage of AI assistance
is effectively a new form of outsourcing. Humans have long outsourced the
performance of cognitive tasks to others. I don’t do my tax returns; my
accountant does. I don’t book my travel arrangements; my assistant does. Such
humanistic outsourcing has its own ethical issues. . . .Michael Sandel (2012) has
argued, there are some tasks that seem to ethically demand my personal involvement.
For instance, outsourcing the writing of a best man’s speech seems like a mark of
disrespect and apathy, not a praiseworthy efficiency-maximising way to fulfil one’s
duties.
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Ethical Issues

Cognitive Outsourcing (Danaher 2018)

One of those knock-on effects, according to Carr, is that increased reliance on
AI assistance will atrophy and degenerate our mental faculties. So, far
from freeing up mental resources, increased reliance on AI assistance will deplete
mental resources. We will no longer have the ability to think the important thoughts.
This will in turn reduce the quality of our personal lives because the ability to engage
in deep thinking is both intrinsically and instrumentally valuable: it results in a
better immediate conscious experience and engagement with life, and it helps one
to solve personal problems.
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Ethical Issues

Poll Everywhere

“The use of decision support systems in clinical education should be avoided as it will
inevitably reduce the cognitive and diagnostic skills of the students.”
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Ethical Issues

Microsoft’s responsible AI principles

1 Fairness - AI systems should treat all people fairly.
2 Reliability and safety - AI systems should perform reliably and safely.
3 Privacy and security - AI systems should be secure and respect privacy.
4 Inclusiveness - AI systems should empower everyone and engage people.
5 Transparency - AI systems should be understandable.
6 Accountability - People should be accountable for AI systems.

https://www.microsoft.com/en-us/ai/responsible-ai
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Ethical Issues

“A Unified Framework of Five Principles for AI in Society” (Floridi and
Cowls 2019)

1 Beneficence: Promoting Well-Being, Preserving Dignity, and Sustaining the Planet
2 Non-Maleficence: Privacy, Security and ‘Capability Caution’
3 Autonomy: The Power to Decide (to Decide)
4 Justice: Promoting Prosperity, Preserving Solidarity, Avoiding Unfairness
5 Explicability: Enabling the Other Principles through Intelligibility and Accountability

epistemological sense of ‘intelligibility’ (as an answer to the question ‘how does it
work?’)
ethical sense of ‘accountability’ (as an answer to the question ‘who is responsible for
the way it works?’)
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Ethical Issues

Thank you
Final attitudes towards AI in healthcare
PollEv.com/brianchapman270
brianchapman270 to 22333
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Ethical Issues
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