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Dictionary Definition of “Value” as a Noun

• the regard that something is held to 

deserve; the importance, worth, or 

usefulness of something.

• Not just ”academic”: of theoretical 

interest but no practical importance

• a person's principles or standards of 

behavior; one's judgment of what is 

important in life.



The Doctor and the Computer

In summary, the Seattle project represents an implementation of an 
approach that illustrates how doctors and patients can gain from 
carefully collected and computerized clinical experience. Predictions 
were that many such projects would be flourishing by 1980. The time 
course has been slower because of the difficulty of characterizing the 
complexity of chronic illness rather than because of problems with 
computer technology. In the future, data banks will provide a 
reference library for each patient with chronic disease. Proper 
interpretation and use of computerized data will depend as much on 
wise doctors as any other source of data in the past.
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Four industrial 
revolutions

FIRST
Water and steam power 
mechanize production.

Jacob Leupold, Steam Engine, in Theatri Machinarum Hydraulicarum II (1720)



Four industrial 
revolutions

SECOND
Electric power creates 
mass production.

Photographer: Dickenson V. Alley, CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=36367226



Four industrial 
revolutions

THIRD
Electronics and 
information technology 
automate production.

ENIAC digital computer. Unidentified U.S. Army photographer. Public Domain, https://commons.wikimedia.org/w/index.php?curid=978770



Four industrial 
revolutions

FOURTH
The digital revolution—
characterized by a fusion 
of technologies—blurs the 
lines between physical, 
digital, and biological 
spheres.

Opte Project. Internet map. https://commons.wikimedia.org/wiki/File:Internet_map_1024.jpg







Deep molecular profiling



Learning health care systems

www.fda.gov



Continuous monitoring 
through passive sensors

Sleep sensor

Commercially available, 

placed under mattress to 

passively monitor multiple 

physiologic data parameters

Study hub

Safely sends device data to 

secure, encrypted Baseline 

database

Study watch

Investigational wrist-worn 

sensor for continuous 

recording of physiological and 

environmental data

App

Mobile interface for self-

reported and passive data 

acquisitions



Insel TR. Digital phenotyping technology for a new science of behavior.
JAMA. 2017;318:1215-16. doi:10.1001/jama.2017.11295

The process of digital 
phenotyping

Digital phenotyping involves 
collecting sensor, keyboard, and 
voice and speech data from 
smartphones to measure behavior, 
cognition, and mood.



Premise 1:  Through a combination of clinical/epi 
expertise and quantitative methods, considerable 
effort needs to go into organizing and curating the 
data, especially the clinical, behavioral social and 
environmental data 

• Even with standards as detailed by Dr. Keane, curating the data to 
place it in proper context and to assure a level of veracity and 
appropriate provenance should remain a high priority

• In addition the clinical, behavioral and social data are contextual







Data Provenance

• Prior to application of research to humans in a manner that directs diagnostic 
testing or recommendations for behavioral change or therapy either in clinical 
studies or in commercialization, findings must be reproducible (both internally and 
externally) based on additional documented data sets. 

• Documentation of internal reproducibility should extend in a readily traceable 
manner back to the fundamental source of the original data, a concept known as 
data provenance. 

• When possible, external reproducibility should be demonstrated in data external 
to those used to produce the original findings. 

• Optimally, this could include a requirement that the data analysis be reproduced 
in an independent facility in addition to being replicated in second data sets. 



Premise 2:  The right teams of researchers are 
needed to enable the right data and best analysis 
for the specific question or purpose

• We will have access to immense amounts of data in multiple 
dimensions with tremendous possibilities of improving health 
outcomes and improving treatment

• The plethora of analyses and their complexity will lead to an 
increased risk of errors in analysis and interpretation

• How do we develop approaches to analyses that produce truthful 
and non-misleading findings?

• See U of Washington course: http://callingbullshit.org/



Illustration credit: Brett Ryder. https://www.economist.com/node/15579717

Data 
deluge



How it works: analytics and data science

Ask the right 
questions

Tap knowledge to specify 

the question that defines 

the challenge

?

Optimize 
methods

• Tailor methods to 

address the question

• Develop new tools to 

improve analytics

Decide 
wisely

• Improve health

• Improve care

• Reduce cost

• Improve clinical 

practice

Find the right
data

Examine all data sources 

(access, feasibility, 

content, quality)







Omics-Based Test Development Framework



Premise 3:  The field must step up its approach to 
translating findings into truthful, understandable 
information 

• Even with the ethical principles articulated by Laura, we have 
significant issues to gain/sustain public trust

• The public is losing faith in science and susceptible to more 
appealing versions of “the facts”

• For every question on health or biomedical data there is an answer: 
”made up” answers are more appealing than scientific findings with 
all their uncertainty and caveats

• A brilliant analysis that isn’t understood has limited value



https://www.economist.com/news/leaders/21739151-how-it-and-wider-industry-should-respond-

facebook-faces-reputational-meltdown

https://www.theguardian.com/technology/2018/mar/20/facebook-is-it-time-we-all-deleted-our-accounts

Facebook Fiasco



Krista Kennell / Stone / Catwalker / Shutterstock / The Atlantic
https://www.theatlantic.com/technology/archive/2018/03/largest-study-ever-fake-news-mit-twitter/555104/



Vosoughi S, et al. Science. 2018;359:1146-51. 

Complementary cumulative 
distribution functions (CCDFs) 
of true and false rumor 
cascades



Swiss Cheese and Errors
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“Truthful and Not Misleading”
• Truthful

— the body of real things, events, and facts : actuality.

—accuracy, accurateness, actuality, authenticity, correctness, 
credibility, honesty, trustability, trustiness, trustworthiness, truthful
ness, veracity dependability, reliability

• Not misleading

— to lead in a wrong direction or into a mistaken action or belief 
often by deliberate deceit

— to lead astray : give a wrong impression

—beguiling, deceitful, deceiving, deceptive, deluding, delusive,

delusory, fallacious, false, specious



It takes a team

•Ethics is too important to leave to 
ethics

•Data science is too important to 
leave to data scientists


