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COGNITION

Cognition is the "mental action or process of acquiring knowledge and understanding through thought, 
experience, and the senses".[2] It encompasses all aspects of intellectual functions and processes such 
as: perception, attention, thought, imagination, intelligence, the formation  
of knowledge, memory and working memory, judgment and evaluation, reasoning and computation, problem-
solving and decision-making, comprehension and production of language. Cognitive processes use existing 
knowledge and discover new knowledge.

https://en.wikipedia.org/wiki/Cognition

NEUROCOGNITIVE DOMAINS: DSM 5

Olivo G, Gaudio S, Schiöth HB. Brain and Cognitive Development in Adolescents with Anorexia Nervosa: A Systematic Review of fMRI Studies. Nutrients. 2019; 11(8):1907. https://doi.org/10.3390/nu11081907
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https://digitalwellbeing.org/wp-content/uploads/2017/08/Artificial-Intelligence-AI-Timeline-Infographic.jpeg

https://www.fool.com/terms/a/artificial-intelligence/
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https://www.fsm.ac.in/blog/an-introduction-to-
machine-learning-its-importance-types-and-
applications/

A TRAINING LOOP CONSISTING OF FEEDFORWARD AND 
BACKPROPAGATION: CONVOLUTIONAL NEURAL NETWORKS

https://www.analog.com/en/analog-
dialogue/articles/training-convolutional-neural-networks-
what-is-machine-learning-part-2.html
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https://towardsdatascience.com/5-reasons-why-your-chatbot-needs-natural-
language-processing-ed20fb0a3655

HOW AMAZON ALEXA WORKS

• Natural Language Processing (NLP)
• Natural Language Generation (NLG)
• Machine Learning

https://towardsdatascience.com/how-amazon-alexa-works-your-guide-to-
natural-language-processing-ai-7506004709d3
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INTERNET OF THINGS (IOT)

Devices with sensors, processing ability, software 
and other technologies that connect and exchange 
data with other devices and systems over the 
Internet or other communications networks.

https://carbontrack.com.au/blog/future-smart-homes-functional-feature-integration/
https://en.wikipedia.org/wiki/Internet_of_things

TESLA AUTOPILOT: NEURAL NETWORKS

https://www.thinkautonomous.ai/blog/how-tesla-autopilot-works/
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THE HEALTHCARE AI INDUSTRY IS GROWING

https://www.raconteur.net/combating-cancer-2017/the-rise-of-artificial-intelligence-in-fighting-cancer
https://www.cbinsights.com/research/artificial-intelligence-startups-healthcare/

https://www.nsmedicaldevices.com/news/volta-af-xplorer-to-aid-complex-af-procedures/
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https://www.medtronic.com/us-en/healthcare-
professionals/education-training/genius-academy/future-is-now.html

https://www.itnonline.com/content/fda-clears-artificial-intelligence-guide-user-optimal-cardiac-ultrasound-imaging
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https://www.zdnet.com/article/why-nuance-microsoft-is-making-a-19-7-billion-bet-on-ambient-digital-healthcare/
https://emworkforce.substack.com/p/the-end-is-near-for-doctor-as-data

AGILE

“A software ecosystem designed to improve performance has to be agile to support the 
faster design of these new digital services, or the reconfiguration and/or redesign of the 
current digital services to meet evolving customer expectations”.

Tanniru MR, Agarwal N, Sokan A, Hariri S. An Agile Digital Platform to Support Population Health-A Case 
Study of a Digital Platform to Support Patients with Delirium Using IoT, NLP, and AI. Int J Environ Res 
Public Health. 2021 May 26;18(11):5686. doi: 10.3390/ijerph18115686. PMID: 34073262; PMCID: 
PMC8198835.
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https://www.techtarget.com/searchenterpriseai/tip/Artificial-
intelligence-vs-human-intelligence-How-are-they-different

“Smart”:

• Reason
• Problem Solve
• Decide
• Act

BLACK BOX AI

“I know I did it. I just don’t know how I did it.” “Have I been unfair”

https://www.linkedin.com/pulse/ai-black-box-problem-unseen-challenge-emergency-public-justin-snair-/
https://www.enterpriseai.news/2019/09/26/attacking-the-ai-trust-gap-fico-like-risk-scoring-for-machine-learning-
models/
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https://next.gr/news/news/20763/medtronic-wins-fda-clearance-and-ce-
approval-for-linq-ii-insertable-cardiac-monitor

Mittal, S., Oliveros, S., Li, J., Barroyer, T., Henry, C., & Gardella, C. (2021). AI Filter Improves Positive 
Predictive Value of Atrial Fibrillation Detection by an Implantable Loop Recorder. JACC. Clinical 
electrophysiology, 7(8), 965–975. https://doi.org/10.1016/j.jacep.2020.12.006
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BIAS IN AI ALGORITHMS

 CNNs that provide high accuracy in skin lesion classification are often trained with images of skin lesion samples 
of white patients, using datasets in which the estimated proportion of Black patients is approximately 5% to 10%.

 As a result, when tested with images of Black patients, the networks have approximately half the diagnostic 
accuracy compared with what their creators originally claimed.

 Black patients, whose lesions may have different characteristics from white patients, may thus be less likely to be 
accurately diagnosed by automated algorithms. 

 Black patients have the highest mortality rate for melanoma, with an estimated 5-year survival 
rate of only 70%, versus 94% for white patients. Misdiagnoses and socioeconomic barriers hindering 
access to health care may cause skin cancer at a more advanced stage in Black patients, hindering 
treatment.

Norori, N., Hu, Q., Aellen, F. M., Faraci, F. D., & Tzovara, A. (2021). Addressing bias in big data and AI 
for health care: A call for open science. Patterns, 2(10).
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AMA J Ethics. 2019;21(2):E160-166. doi: 10.1001/amajethics.2019.160.

TRADITIONAL TORT LIABILITY

Typical tort claims in the realm of medicine and health include medical malpractice (negligence), respondeat
superior (vicarious liability), and products liability.

AMA J Ethics. 2019;21(2):E160-166. doi: 10.1001/amajethics.2019.160.
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PHYSICIAN LIABILITY: MALPRACTICE (NEGLIGENCE)

 “conduct which falls below the standard established by law for the protection of others against unreasonable risk 
of harm.”

 In judicial determinations, a physician’s actions are judged not against those of a reasonable man, but rather 
against those of a reasonable physician—with the same knowledge, skills, and expertise—under like 
circumstances

AMA J Ethics. 2019;21(2):E160-166. doi: 10.1001/amajethics.2019.160.

RESPONDEAT SUPERIOR (VICARIOUS LIABILITY)

 Health care organizations: “hospitals can be held vicariously liable for the acts of their employees, including 
physicians, who commit malpractice.”

AMA J Ethics. 2019;21(2):E160-166. doi: 10.1001/amajethics.2019.160.
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PRODUCTS LIABILITY

 Manufacturers and pharmaceutical companies: manufacturers of prescription drugs and medical devices, those 
“that may be legally sold or otherwise distributed pursuant only to a health-care provider’s prescription,” are 
liable for harm to persons caused by defects

 The law reflects the FDA’s determination that prescription medical products have inherent and unavoidable risks 
and thus require physician approval before use. It also emphasizes that the physician plays an important role in 
patients’ choices.

AMA J Ethics. 2019;21(2):E160-166. doi: 10.1001/amajethics.2019.160.

LEARNED INTERMEDIARY DOCTRINE

 applies to the use of pharmaceuticals and medical devices, wherein physicians intervene between the 
manufacturer and the ultimate consumer

 “prevents plaintiffs from suing medical device manufacturers directly,” as the manufacturer has no duty to the 
patient directly

 the “physician, rather than the patient, is considered the end consumer of medical devices because the health 
care provider is in the best position to weigh the risks against the possible benefits of using the device.”

AMA J Ethics. 2019;21(2):E160-166. doi: 10.1001/amajethics.2019.160.
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CHALLENGES WITH APPLYING THE LAW

 The law “is built on legal doctrines that are focused on human conduct, which when applied to AI, may not 
function.”

 Products liability claims in the health care context require that the injuring product be deemed a “medical 
device.” The “hardware components” of the AI system would be deemed the “device” for products liability 
purposes, not the software

 software, as opposed to hardware, is “technology that helps healthcare providers make decisions by providing 
them with information or analysis” and that the final decision of care rests with the health care professional

AMA J Ethics. 2019;21(2):E160-166. doi: 10.1001/amajethics.2019.160.

AMA:  AI AND THE QUADRUPLE AIM

 Patient rights are respected

 Addresses high priority clinical needs

 Eliminates inequities 

 Physicians are engaged in developing and 
implementing health care AI tools

 Oversight and regulatory structures account for the 
risk of harm and potential benefit of health care AI 
systems

Advancing health care AI through ethics, evidence and equity | American Medical Association (ama-assn.org)
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DEVELOPING A 
FRAMEWORK FOR 
HEALTHCARE AI

Advancing health care AI through ethics, evidence and equity | American Medical Association 
(ama-assn.org)

 Why did the scarecrow win an award? 

 Because he was outstanding in his field!

 How do you organize a space party? 

 You "planet“

 Why did the doctor carry a red pen? 

 In case they needed to draw blood

 Did you hear about the optometrist who fell 
into a lens grinder? 

 He made a spectacle of himself!
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NIMITAGARWAL@ARIZONA.EDU

TWITTER: @NIMITAGARWALMD

MOHAN TANNIRU

MTANNIRU@ARIZONA.EDU
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