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False positive rate

The rate of adenoma detection by colonoscopists varies from 7% to 53%. It is estimated that every 1% increase in

ADR reduces the risk of interval colorectal cancers by 3-6%. New strategies are needed to increase the ADR during
colonoscopy
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Clinical Knowledge and Reasoning Abilities of Al Large
Language Models in Anesthesiology: A Comparative
Study on the American Board of Anesthesiology
Examination
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Pierre Baldi, PhD*t
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BACKGROUND: Over the past decade, artificial intelligence (Al) has expanded significantly
with increased adoption across various industries, including medicine. Recently, Al-based
large language models such as Generative Pretrained Transformer-3 (GPT-3), Bard, and
Generative Pretrained Transformer-3 (GPT-4) have demonstrated remarkable language capa-
bilities. While previous studies have explored their potential in general medical knowledge
tasks, here we assess their clinical knowledge and reasoning abilities in a specialized
medical context.

METHODS: We studied and compared the performance of all 3 models on both the written
and oral portions of the comprehensive and challenging American Board of Anesthesiology
(ABA) examination, which evaluates candidates’ knowledge and competence in anesthesia
practice.

RESULTS: Our results reveal that only GPT4 successfully passed the written examination,
achieving an accuracy of 78% on the basic section and 80% on the advanced section. In com-
parison, the less recent or smaller GPT-3 and Bard models scored 58% and 47% on the basic
examination, and 50% and 46% on the Consequently, only
GPT-4 was evaluated in the oral examination, with examiners concluding that it had a reason-
able possibility of passing the structured oral examination. Additionally, we observe that these
models exhibit varying degrees of proficiency across distinct topics, which could serve as an
indicator of the relative quality of information contained in the corresponding training datasets.
This may also act as a predictor for determining which anesthesiology subspecialty is most
likely to witness the earliest integration with Al.

CONCLUSIONS: GPT-4 outperformed GPT-3 and Bard on both basic and advanced sections of
the written ABA examination, and actual board examiners considered GPT-4 to have a reason-
able possibility of passing the real oral examination; these models also exhibit varying degrees
of proficiency across distinct topics. (Anesth Analg 2024;139:349-56)
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KEY POINTS

+ Questlon: How might recent advancements in artificial intelligence (Al) large language mod-
els influence the field of anesthesiology?

- FIndIngs: Large language models may now be sophisticated enough to pass the anesthesiol-
ogy written and oral examinations.

- Meanlng: The rapid development of these models holds the potential to shape the future of
both anesthesiology education and practice, but we need to be aware of their limitations.

Copyright © 2024 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

in the form of machine learning, in particular deep
learning, has experienced a significant expansion
driven by progress in computational power and big

In recent years, artificial intelligence (Al) primarily

data availability.! In the medical field, Al's potential
to increase accuracy and expedite diagnoses has led
to its application in numerous areas, including radi-
ology, pathology, and genomics. For example, AT has
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Abstract—This study aimed to assess the performance of Large
Language Models on the North American Veterinary Licensing
Examination (NAVLE) and to analyze the impact of artificial
intelligence in the domain of animal healthcare. For this study,
a 200-question NAVLE sourced from ICVA’s
website was used to evaluate the performance of three language
models: GPT-3, GPT-4, and Bard. Questions involving images
were omitted leaving a 164 text-only sample exam. Results were
analyzed by comparing generated responses to the answer key,
and scores were assigned to evaluate the models® veterinary
medical reasoning capabilities. Our results showed that GPT-
4 outperformed GPT-3 and Bard, passing the exam with 89
% of the text-only questions correctly. GPT-3 and Bard only
achieved an accuracy of 63.4 % and 61 % respectively on
the same set of questions. Language models hold promise for
enhancing veterinary practices through expanded educational
opportunities in the veterinary curriculum, improved diagnostic
accuracy, treatment times, and efficiency. However, potential
negatives include challenges in changing the current educational
paradigm, reduced demand for professionals or paraprofessional
concerns surrounding machi i
and ethical integration of language models is crucial in veterinary
medicine.

Index Terms—Artificial Intelligence, LLM, ChatGPT, Bard,
Veterinary Medicine, Medical Education, Societal Impact

ated decision:

I. INTRODUCTION

In recent years, the rapid growth of artificial intelligence
(AI) has significantly influenced various industries, including
healthcare. The development of increasingly powerful Al
models, such as large language models (LLMs) has facili-
tated the automation of diverse tasks and the enhancement
of decision-making processes. Consequently, the adoption of
Al technology has emerged as a pivotal factor in gaining a
competitive edge and boosting efficiency across industries [1].
Here we provide an initial assessment of the applicability of
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LLMs in veterinary medicine by testing their ability to pass a
standard veterinary education test.

The veterinary field encompasses a wide array of profes-
sions and specializations, all dedicated to the care and well-
being of animals. Veterinarians, who are extensively trained
to diagnose and treat various conditions in numerous species
ranging from domesticated animals and livestock to wildlife,
are a cornerstone of this field. As the veterinary field continues
to evolve, new technologies and techniques are revolutionizing
the diagnosis and treatment of animal health issues [2].

The advent of diverse Al technologies, such as state-of-the-
art text, sound, image, and video data analysis algorithms, have
significantly advanced veterinary medicine in areas such as
disease diagnosis, treatment planning, and precision medicine
[2, 3, 4]. However, current Al models are typically task-
specific and lack the capability for independent medical rea-
soning [5]. This limitation has prompted researchers to explore
the potential of large language models, which have demon-
strated remarkable cognitive reasoning abilities, in addressing
these shortcomings in all fields.

Among large language models, Generative Pre-trained
Transformer (GPT) and Bard have emerged as frontrunners,
exhibiting outstanding performance in various applications [6,
7, 8]. GPT-3 and GPT-4, as well as Bard, adopt the decoder-
only architecture of the transformer model [9]. GPT-3 en-
compasses 175 billion parameters and showcases remarkable
versatility across a range of tasks. In an advancement over
GPT-3, GPT-4 boasts an unprecedented one trillion parameters,
addressing many of the limitations previously associated with
GPT-3. Both GPT iterations were pre-trained on extensive text
corpora and subsequently fine-tuned for specialized tasks [6,
7.
Concurrently, Google’s Bard initially employed the Lan-

Authorized licensed use limited to: Access paid by The UC Irvine Libraries. Downloaded on May 20,2024 at 21:59:01 UTC from IEEE Xplore. Restrictions apply.
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Major Al Dangers

Nefarious uses of Al by bad actors.
Employment (short term, medium term, long term).
Loss of dignity, loss of purpose, loss of sense of reality and social

connection.
Existential threat.



One Major Obstacle

Universities cannot develop the most cutting-edge Al.
Universities cannot study many of the safety problems and possible

solutions associated with cutting edge Al.
All cutting-edge Al is concentrated in private and public companies.



Possible Solutions



Possible Solutions

1. Slow down Al research (not feasible).



Possible Solutions

1. Stop Al research (not feasible).
2. "CERN-AI" or “Telescope-Al” (feasible, but
very hard).

-> Build the largest data/computing center in
the world, with ~1K permanent staff, and ~1K
affiliated academic labs (~3K scientists).



The Need for New “Al Telescopes"
Pierre Baldi
Liniversity of California, Irvine

Artificial Intellifence (Al) reises two fundamental sels of questions: (1) how does [he universe of
intelipence look like and what is our plsce ingide that universe? and (Z) how we can ensure that Al
is safe? For ceniuries, the approach our society has iaken o address these kinds of difficult
guestions is to lef universities and their scientists study them. However, [oday universities are
unable 1o train and study the most advanced Torms of Artificial Intellipence at scales, including large
languape models with trilions of parermelens, such &8s GPT-4 Universilios' main problem is
campiutational. Mo uhversity hes the n-house computational resources, primanly in the Torm of
large clusters of Graphical Processing Unils (GPUs) needed 1o train the most powerful Al modets.
Here we call Tar & very large-scale «ffor (o address this dangsrous sllustion.

A Tew people think this problem can be brushed awey. There are still plenty of problems for
#cademics o work an &l the fringes—for inslance by training much smaller modelds or fine-luning
and alipning existing models using specific data. Furthermare, this situstion has happened belore
in the world of technology—after all, universities cannot build large ships, airplanes, or nuclear
plants. Finally, the sconomic reality is that the cost and infrestruciure required for building such
models are prohibitive for academic institutions: GPT-4 is rumored 10 cost north of 100 million
dollars to train over a period of many monthe using lens of thousands of GPUs. And the cost of
syslems in the GP-class seems 1o go up by one onder of magnitude for sach peneration.

Although there is wisdom in these argurnents aboul resources snd scale, they Tail 1o recognize the
armbiguous nature of Al & being not only a formidable technalogy but slse & fundamental opic in
the natursl scisnces and the study of our place in the universe. Telescopes and microscopes taught
us thal we sre nol central 1o the universs of slars or of Bving systems. Compulsars are teaching us
that we gre nat cenirel 1o the universe of intelligence. And in the same way that the sciesnce of Nuid
dyriamics is fundamentsl for understanding and building safe aiplanes, the sciefoe af Al s
fundarnental for understanding and building safe Al systerns. The stekes related to Al are 5o
fundarnental that it sesms dengerous 1o leeve thern axclusively 1o compenies. No one knows for
sure, but we miey be reasonably close to being able 1o creats imelligsnce thet is greater than human
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Build an international Al
‘telescope’ to curb the
power of big tech

companies.
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Major Obstacles to Overcome

. Cost and Cost-Sharing [1T over 15 years]
. Facility (Energy/Hardware)

Relationship to Industry
(Competition/Cooperation) and Lags
Data

Leadership/Organization/Decision Making
Output/Product

Safety

DeepSeek and Stargate did
not change much.
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Al Safety from First Principles

1. Al is inspired by NI (Natural Intelligence)



Al Safety from First Principles

1. Al is inspired by NI (natural intelligence)
2. Can/should Al safety be inspired by NI
safety?



1600: Giordano
Bruno

1633: Galileo
Galilei




NI Safe?

Human history is a long list of wars (50-85M
casualties in WW2)

>10 wars in the 21st century alone

Invention of increasingly more sophisticated
methods of torture

Invention of increasingly more sophisticated
weapons, weapons of mass destruction

Nearly 47,000 people died of gun-related
injuries in the United States in 2023,
according to the latest available statistics
from the CDC.



Natural Intelligence Safety

Artificial Intelligence Safety

Evolution

Modular architectures, safety
modules

Examples (parents, teachers,
role models)

RL from Human Feedback
(RLFH)

Principles (e.g. 10

Constitutional Al

commandments)
Law Al laws
Societal Agentic

Enforcement (e.g., police, lie
detectors)

Enforcement (e.g., police, fake

detectors)

Enforcement (e.g., military,
WMD)

Enforcement (e.g. military, killer

switches)

Parallels between NI and Al Safety

Pre-
Training

Training

Post-
Training

Deployment



Additional Considerations

1. New possibilities derived from framework.

2. The "failure” of evolution—two reasons.

3. Evolution used a multi-tier approach.

4. Al is different from NI and other
principles/methods may apply.
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