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Disclosures



What is machine learning?

Elements of ML Input Data with sensors

Output Data

Putting it together Cohorts

Getting the right labels

Creating interventions

Ensuring fairness

Outline



What is machine 
learning?



Machine Learning is common outside healthcare

Translate Inbox Photos Waze
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Rules and 
contingencies

Spam the old way:
Write a computer program with explicit 
rules to follow

if email contains V!agrå

   then mark 'is spam';

if email contains …

if email contains ...

Learning 
from data

Spam the new way:
Write a computer program to learn 
from examples

try to classify some emails ;

change self to reduce errors ;

repeat ;



Machines Learning by Example

Predicted to 
be Spam

Machine 
(model)

LearnerParameters User marked 
it Spam



Machines Learning by Example

Machine 
(model)

LearnerParameters

Predicted 
object label

“ Cat ”



A tale of two disciplines

Artificial 
Intelligence
Making machines intelligent

Robotics

Machine Learning
Making machines that learn

● Traditional AI Systems are programmed to be clever.
● Modern ML-based AI systems to learn to be clever.



Why widespread use of ML is occurring now

Training
examples

Creativity + 
ingenuity

Computational
resources

Algorithms + 
tools



What do you need to 
build a model?



Wearables
Movement (activity tracking)
Electrical activity (EKG)

mHealth (phone)

Ambient sensors
Cameras
Microphones
Keyboards on phones

Input Data - Terminology



Examples of Sensors



Input Data - Terminology

Clinical Studies
Predictors
Covariates

Machine Learning
Features



Passive
No additional interaction necessary
Easier to collect, less standard

Active
Interaction with device 

E.g. Start a six minute walk test
E.gl Answer patient reported outcome

Harder to collect, more standard

Input Data - Terminology



Clinical Trials - Outcomes
Primary Outcomes (usually major clinical event)
Secondary Outcomes

Machine Learning - Labels, Output
Detection
Classification
Prediction

Output Data - Terminology



Isn't this all very 
straightforward?



In-person discussion
No further slides


