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Disclosure
I serve on the Board of Directors of the Learning 
Health Community, a non-profit corporation 
promoting Learning Health Systems.
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Today’s Journey
• Knowledge…
• Learning	Health	Systems	(LHS)	and	“Mass	Action”
• The	Concept	of	Computable	Biomedical	Knowledge
• Why	Computable	Knowledge	is	Essential	for	Mass	
Action

• Building	Mass	Action	Infrastructure
• Examples	and	Demos:	Taking	Prevention	&	Clinical	
Pharmacogenomics	to	Mass	Action

• A	Increasingly	Global	Movement	to	“Mobilize”	
Computable	Biomedical	Knowledge



A Way to Think About Knowledge

The result of an analytical and/or 
deliberative process that holds 
significance for an identified community.



Examples of Biomedical Knowledge 
(Viewing Knowledge As a “Result”)

From primarily analytical to primarily 
deliberative in origin:
• Predictive/explanatory models
• Computable phenotypes
• Causal/propositional networks
• Best practices (guidelines)
• Decision Trees
• Policies
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Take	Action

Interpret	Results

Analyze	Data Design	
Intervention

Assemble	Data

Capture	Practice	
as	Data

Learning Health Systems:
Continuous Cycles of Study and Change

Formation	of	
Learning	

Community

External	Evidence



Better Health Requires This
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Not This…
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Journals



And Not This…
The “Gap” as a Major Problem
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Bridging the Gap: Knowledge is the 
“Keystone” Holding the LHS Cycle 

Together
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To Bridge the Gap Routinely, LHSs Need 
Mass Action Capability

……>

K

Mass	Action:
1. Management	of	dynamic	

knowledge
2. Delivery	of	knowledge-

driven	interventions	at	
unlimited	scale
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Human	readable	in	
words,	pictures,	
equations

Computable	
(machine-executable)		
in	code

Two Complementary Ways to Represent Knowledge



Example: Human Readable Knowledge



The New Knowledge (the “Result”) is Expressed 
in a Model



And the Knowledge Can be Made 
Computable by Representing It as Code
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Example:	Code	
that	takes	in	
characteristics	of	
a	person	and	
computes	a	risk	
score

A	Knowledge	Object



Human	Readable:	Article

Extraction

Computable:	CodeEncodable:	Model

Programming

Computable Knowledge Extends the Publication 
Pipeline

Library
Expanded	Library
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Discovery Systems vs. Learning Systems

Discovery	Systems Learning	Systems



Discovery Systems Require Only Mass Access: 
Human-Readable Knowledge Suffices



But Human-Readable Knowledge Can’t 
Work for Learning Systems

How	does	a	paper	
offering	a	useful	
prediction	model	enable	
changed	practice?

17	Year
Gap



LHSs Need Computable Biomedical 
Knowledge to Bridge the Gap



LHSs Also Need Computable Knowledge to 
Surpass Mass Access, Enabling Mass Action

……>

Mass	Action	Requirements:
1. Management	of	dynamic	knowledge
2. Delivery	of	knowledge-driven	

interventions	at	unlimited	scale

Each										is	a	predictive	model.
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Building Mass Action 
Infrastructure

1. Represent knowledge in computable form 
as Knowledge Objects

2. Establish a library that holds Knowledge 
Objects

3. Create an “activator” to generate an 
intervention

4. Enable messages/advice to be delivered



1. Representing Knowledge: Machine-
executable Knowledge Objects

Articles

Knowledge	Objects

Description

Interface

Computer-
processable
Knowledge
‘Payload’

Guidelines

Learning Health Sciences

Local	
Analytical	
Results



2. A Digital Library
• Just like the libraries you know, 
except that it stores collections 
of computable knowledge 
objects

• Maintains and protects 
knowledge objects

• Enables them to be shared and 
returned



3. An “Activator” to Generate 
Messages

Shelf

Engine

Data	Needed	
by	Knowledge	
Objects

Knowledge	
from	Library Computed	

Intervention



4. Delivering the Intervention

eHealth
Applications

EHRs
&

Apps

Providers

&

Patients

Standards-based	open	portals



EHRs/eHealth

Knowledge	
Grid

1.	Knowledge	Objects

2.	Digital	Library

Existing	Health	IT

3.	Activator

4.	Delivery	interfaces

We Have Built an Infrastructure 
that Supports Mass Action

Kgrid.org



Continuing the Journey
• Knowledge…
• Learning	Health	Systems	(LHS)	and	“Mass	Action”
• The	Concept	of	Computable	Biomedical	Knowledge
• Why	Computable	Knowledge	is	Essential	for	Mass	
Action

• Building	Mass	Action	Infrastructure
• Examples	and	Demos:	Taking	Prevention	&	Clinical	
Pharmacogenomics	to	Mass	Action

• A	Increasingly	Global	Movement	to	“Mobilize”	
Computable	Biomedical	Knowledge





CPIC Recommendations in Human 
Readable Form (Mass Access Only!)

Crews KR, Gaedigk A, Dunnenberger HM, Leeder JS, Klein TE, Caudle KE, Haidar CE, Shen DD, 
Callaghan JT, Sadhasivam S, Prows CA. Clinical Pharmacogenetics Implementation Consortium 
guidelines for cytochrome P450 2D6 genotype and codeine therapy: 2014 update. Clinical 
Pharmacology & Therapeutics. 2014 Apr 1;95(4):376-82.



From Human Readable Knowledge to a Computable 
Object

Codeine-CYP2D6 Table

https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/

GENOTYPE			à PHENOTYPE			à DOSING	ADVICE	

Programming	to	represent	the	table	as	
executable	code



Taking Clinical Pharmacogenomics to 
Mass Action

Current	State	(Mass	Access): CPIC’s	
guidelines	are	currently	in	human	readable	
form	in	tables
Future	State	Enabling	Mass	Action:

1. Guidelines	in	fully	computable	form	as	
knowledge	objects

2. Computable	objects	publicly	available	
through	a	trusted	digital	library

3. ”Activation”	services	that	use	the	objects	
to	generate	advice

4. Delivery	of	advice	through	apps	or	EHRs
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A multi-stakeholder effort to mobilize 
computable knowledge
• Annual	U.S.	Meetings	beginning	in	2018

• 240	participants	in	virtual	2020	meeting
• Now	Going	Global!

• MCBK-UK	inaugural	meeting:	October	29,	2019

• Four	workgroups	producing	key	deliverables
• All	materials	at	mobilizecbk.org.
• To	join,	write	to	mcbk-info@umich.edu
• More	about	MCBK	later	today

Join the Movement!



Thanks and Write to Me
cpfried@umich.edu

lhs.medicine.umich.edu
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