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Earliest origins 



Earliest 
origins 
c . 1950 s

“the science and engineering of 
making intelligent machines”

- John McCarthy, 1956

image source: https://home.dartmouth.edu/about/artificial-intelligence-ai-coined-dartmouth
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Medicine has been 
intertwined  with AI from 
the  very beginning .

Turing himse lf c ited a 
paper from BMJ ….

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2050428/pdf/brmedj03683-0003.pdf
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Three epochs of AI in healthcare  



Howell, Corrado, DeSalvo. Three epochs of artificial 
inte lligence  in healthcare .  JAMA 20 24.

A three -part 
framework 
for thinking 
about the  
history of AI.



The most 
important point →

The  technical 
de tails he re  matte r 
to decision 
making.



Howell, Corrado, DeSalvo. JAMA 20 24.



Each epoch’s 
mode ls learn 
diffe rently.

Howell, Corrado, DeSalvo. JAMA 20 24.



 These  mode ls learn diffe rently. 
AI 1.0 :

Traditional programming
AI 2.0

Deep learning
AI 3.0 :

Generative  AI

Puppy:
     Legs: 4
     Ears: 2
     Tail: 1
     Fur: yes

Muffin:
     Legs: 0
     Ears: 0
     Tail: 0
     Fur: no

“This is a puppy.” “This is a muffin.”

Is  this  a  muffin or a  puppy?

99% Muffin
1% puppy

“Go read this 
HUGE stack of 
documents, web 
pages, etc., then 
come back.”

“Explain the 
difference 
between a 
puppy and a 
muffin..”

A puppy is 
…

Image source: Source: Karen Zak, Twitter Post, March 9, 2016, 4:40 p.m., https://twitter.com/teenybiscuit/status/707727863571582978  via  Crumpler, W. and Lewis, J.A., 2021. How Does Facial Recognition Work? Center for Strategic and International Studies

https://twitter.com/teenybiscuit/status/707727863571582978
https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/210610_Crumpler_Lewis_FacialRecognition.pdf


Howell, Corrado, DeSalvo. JAMA 20 24.



Even simple encoded 
human knowledge  can 
be  convincing and 
compe lling.

Anybody eve r played 
this?

Image source: https://en.wikipedia.org/w/index.php?curid=533608



The game’s designer, 
Toru Itawani, was 
inte rviewed in 1986.

Quotation: https://programmersatwork.wordpress.com/toru-iwatani-1986-pacman-designer/. 
Image source: https://en.wikipedia.org/w/index.php?curid=533608

INTERVIEWER: What was the most difficult part of designing the game?

IWATANI: The algorithm for the four ghosts who are the enemies of the Pac Man–getting all 
the movements lined up correctly. It was tricky because the monster movements are quite 
complex. This is the heart of the game. I wanted each ghostly enemy to have a specific 
character and its own particular movements, so they weren’t all just chasing after Pac Man in 
single file, which would have been tiresome and flat.



The earliest 
empirical pape r 
I’m aware  of 
specifically 
addressing AI 
and diagnosis is 
from 61 year ago 
this month. 

https://ieeexplore.ieee.org/abstract/document/4322808
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A better -known 
innovation was 
Shortliffe ’s 
MYCIN from 1977

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2464549/?page=1



… and INTERNIST-
I
from 1982 

https://www.nejm.org/doi/10.1056/NEJM198208193070803



… and INTERNIST-
I
from 1982 

https://www.nejm.org/doi/10.1056/NEJM198208193070803

“Its performance on a series of 19 
clinicopathological exercises (Case Records 
of the Massachusetts General Hospital) 
published in the Journal appeared 
qualitatively similar to that of the hospital 
clinicians but inferior to that of the case 
discussants. The evaluation demonstrated that 
the present form of the program is not 
sufficiently reliable for clinical 
applications . Specific deficiencies that must 
be overcome include the program's inability to 
reason anatomically or temporally, its 
inability to construct differential diagnoses 
spanning multiple problem areas, its 
occasional attribution of findings to 
improper causes, and its inability to explain 
its ‘thinking.’”



Numerous others 
approaches in 
this epoch

● DxPlain
● Caduceus
● CASNET
● Watson – bridging into the  second epoch

○ “For the  Jeopardy  Challenge , we  use  more  than 10 0  
diffe rent techniques for analyzing natural language , 
identifying sources, finding and gene rating hypotheses, 
finding and scoring evidence , and merging and ranking 
hypotheses.” [Fe rrucci D, Brown E, Chu-Carroll J , Fan J , 
Gondek D, Kalyanpur AA, Lally A, Murdock J W, Nyberg E, 
Prage r J , Schlae fe r N. Building Watson: An ove rview of the  
DeepQA project. AI Magazine . 20 10  J ul 28;31(3):59-79.]

● And othe rs

https://jamanetwork.com/journals/jama/article-abstract/366898
https://linkinghub.elsevier.com/retrieve/pii/0010480985900412
https://www.sciencedirect.com/science/article/abs/pii/0004370278900152
https://ojs.aaai.org/aimagazine/index.php/aimagazine/article/view/2303
https://ojs.aaai.org/aimagazine/index.php/aimagazine/article/view/2303
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AI 2.0 :
Deep Learning 
Era

vs

Data from: Russakovsky O, Deng J, Su H, Krause J, Satheesh S, Ma S, Huang Z, Karpathy A, Khosla A, Bernstein M, Berg AC. Imagenet large scale 
visual recognition challenge. International journal of computer vision. 2015 Dec;115:211-52 and https://www.image-net.org/challenges/LSVRC/ 

https://www.image-net.org/challenges/LSVRC/
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Data from: Russakovsky O, Deng J, Su H, Krause J, Satheesh S, Ma S, Huang Z, Karpathy A, Khosla A, Bernstein M, Berg AC. Imagenet large scale 
visual recognition challenge. International journal of computer vision. 2015 Dec;115:211-52 and https://www.image-net.org/challenges/LSVRC/ 

20 12: Best non-deep- learning entrie s

Deeper Dive : What happened in 20 12?

https://www.image-net.org/challenges/LSVRC/
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Singhal e t  al. Nature . 12 J uly 20 23.



26 Dec  20 22
Med-PaLM

16 May  20 23
Med-PaLM-2

12 July  20 23
Nature  pee r review

3 Aug  20 23
Multimodal medical AI

Med-PaLM → AMIE
as an example  of 
speed in the  AI 3.0  
epoch

< 14 
months

30  Nov  20 23
NEJM CPC vignette RCT

11 Jan  20 24
AMIE

● 67% on medQA
● Slightly worse  than MDs on 

consumer question answering

● 87% on medQA
● Much be tte r than MDs on 

consumer question answering

● Med-PaLM results pee r-
reviewed in Nature

● Able  to chat with a CXR

● PCPs randomized to mode l 
(vs usual approach) to 
answer NEJM CPCs

● Standardized patients (from 
OSCEs) randomized to 
PCPs or mode l in a chat-
based OSCE



Medical question 
answering has long 
been he ld  as a grand 
challenge  for AI in 
health.

Medical licensing-  
exam style  questions 
are  a good example  
of this challenge .

A 32-year-old woman comes to the  physician because  of fatigue , 
breast tenderness, increased urinary frequency, and inte rmittent 
nausea for 2 weeks. Her last menstrual pe riod was 7 weeks ago. She  
has a history of a se izure  disorde r treated with carbamazepine . 
Physical examination shows no abnormalitie s. A urine  pregnancy te st 
is positive . The  child  is at  greate st risk of deve loping which of the  
following complications?

(A) Renal dysplasia
(B) Meningoce le
(C) Sensorineural hearing loss
(D) Vaginal c lear ce ll carcinoma

J in D, Pan E, Oufattole  N, Weng WH, Fang H, Szolovits P. What disease  does this patient have? a large -scale  open 
domain question answering datase t  from medical exams. Applied Sciences. 20 21 J ul 12;11(14):6421.
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Answering long-form questions from people



How to evaluate if an answer is good? Ask other physicians.



Higher is be tte r Higher is  worse
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What about rare diagnoses and hard cases?

McDuff D, Schaekermann M, Tu T, Palepu A, Wang A, Garrison J, Singhal K, Sharma Y, Azizi S, Kulkarni K, Hou L. Towards accurate 
differential diagnosis with large language models. arXiv preprint arXiv:2312.00164. 2023 Nov 30.

● NEJ M Clinicopathological 
Confe rence  Case  Reports

● 20  board-ce rtified inte rnal 
medicine  physicians (median 9 
yrs experience )

● Randomized to
○ use  Inte rne t search or 

othe r re sources as desired 
(but not the  LLM) 

○ access a specially trained 
LLM. (In addition to the  LLM, 
could choose  to use  Inte rne t 
search or othe r re sources if 
they wished)



What about the interactive part of diagnostic conversations?

Tu T, Palepu A, Schaekermann M, Saab K, Freyberg J, Tanno R, Wang A, Li B, Amin M, Tomasev N, Azizi S. Towards conversational
diagnostic ai. arXiv preprint arXiv:2401.05654. 2024 Jan 11.



AMIE
Articulate Medical Intelligence Explorer
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Howell, Corrado, DeSalvo. JAMA 20 24.



What does the future look like?



Howell, Corrado, DeSalvo. Three epochs of artificial intelligence in healthcare.  JAMA 20 24.

Thank        
you.
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