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Educational Objectives

Learn about “micro-randomized trials” and how they
can be used to improve mobile health

Learn about an artificial intelligence method,
“reinforcement learning” and how 1t might be used to
personalize mobile health interventions.

Learn about how to operationalize personalization in
mobile health
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Two Types of Digital Health
Treatments
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Personalize Interventions

* When 1s 1t most useful for the digital device to initiate
contact with the person to provide help?

e Should the type of help vary based on the person’s
current state and setting?

* Do the answers to these questions change as a person’s
experience with the digital intervention grows or as
their life circumstances change?

Combination of Behavioral, Health & Data
Science




HeartSteps (Klasnja)

Goal: Develop an mobile activity coach
for individuals who are high risk of heart
disease

Three studies to build the activity coach:
o 42 day micro-randomized study,

o 90 day personalized study,

o 270 day personalized study




HeartSteps V1 .
Individual’s current state provided via data from:

Wearable band — activity and sleep quality;

Smartphone sensors — busyness of calendar,
location, weather, app usage;

Self-report — stress, user burden

How might the smartphone help you plan your physical
activity tomorrow?

In which context/state should the smartphone provide you
with an activity suggestion that you can use right now?
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What 1s a
“Micro-Randomized” Trial?

A study that 1s used to provide data for
constructing an intervention-- in our case-- a
digital intervention.

On each individual, randomize delivery of the
intervention each time that intervention may be
delivered.

--Each individual 1s randomized many times during the
study 11




HeartSteps
42 Day Micro-Randomized Trial

* Activity suggestion randomized (@ 5 times per day

— 5 Person-specific times: morning, mid-day, mid-
afternoon, early evening, after dinner

— Deliver an activity suggestion 60% of the time & no
suggestion 40% of the time.

* Evening planning randomized @ 1 time per day
— Prompt the person to plan on 50% of the days 1




Evening
Planning

¥ 0O 4 B 11:31

How will you be active
tomorrow?

Example :

Tomorrow, during lunch break, | will take a

10-minute walk close to the office bef oW ¥ % 9. 0251
going back to work v .

How will you be active
tomorrow?

Tomorrow, when | get to work in the
morning, | will take a long route to
the office to get some extra steps.

what's your plan?

hi i if

qgwe r r t vy u i Tomorrow, when | feel like a cup of
coffee or tea, I'll go out to get it at a
. coffee shop or another building, so |
a s d f gh j kg get a few steps.

! z x ¢cvbnm Every time | talk on the phone
tomorrow, | will walk around to get
7123 (i2 . some steps and stretch my legs.

m Tomorrow, when | come to work, I'll
park or get off the bus a bit further
to get a few extra minutes of

walking.

Activity Suggestion

:ncy calls only NosSIv v @ = W

Heartsteps
How about taking ¢

" nature? Head outside & walk until you see a
wild animal (even if it's just a squirrel...)

a

3 © 4 .l 330

Heartsteps 2:20 PM

At a desk? Stretch your feet! Lift heels &
press toes into the ground for 10 seconds.
Then switch—-heels on the ground & toes
up.

w a2 ¥

You have a suggestion!




HeartSteps
42 Day Micro-Randomized Trial

Activity suggestion randomized (@ 5 times per day

— Activity suggestion are delivered an average of 3
Hnes per day

Heartsteps 8:46 AM
o Hey, look outside! Not so bad, right? Maybe

you could walk to work today, or just park a
bit further away?

5 A OB

You have a suggestion!




Goals of Activity Suggestions

Should have immediate impact on step count over
subsequent 30 minutes.

Combined with other interventions should

have longer term impact by building up a set of
1deas for being more active in every-day life
over even longer time periods, contribute to a
reduction in heart attacks and other heart

diseases. N




Availability

« Activity suggestions can only be delivered at
one of the 5 times 1f the individual 1s currently
available.

— 1ndividuals are unavailable if sensors indicate that the
individual may be operating a vehicle, 1s walking or has
turned off the intervention.

 Individuals are only randomized if they are
available at that time.
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Treatment Effect

Effect of activity suggestion on 30 min step
count 1s likely time-varying

Effect of Activity Suggestion
versus No Suggestion

What does
this effect
mean?

000 006 012
I

| | | | |
O 50 100 150 200

decision time point 17




What did we learn?

The data indicated that individuals are responsive to
activity suggestions with an increase 1n subsequent 30
min step count.

* This effect 1s primarily due to the higher burden
walking activity suggestions.

 This effect deteriorates with time

* The walking activity suggestion initially increases
step count over succeeding 30 minutes by
approximately 271 steps but by day 20 this increase
1S minimal.

* Some indication that effect 1s greater in home/work
settings 18
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HeartSteps (Klasnja)

Goal: Develop an mobile activity coach
for individuals who are high risk of heart
disease

Three studies to optimize the activity
coach:
o 42 day micro-randomized study,
o 90 day personalized study,

o 270 day personalized study




Micro-randomized Trial

Micro-randomized trial = each user is randomized
many times = “sequential experimentation”

Sequential experimentation may use Al algorithms:
online predictions as well as “reinforcement
learning”

Reinforcement learning personalizes as it

experiments .




What does Personalization Mean?

* Sequential experimentation may use Al algorithms:

— Reinforcement learning personalizes as it experiments

* Personalization means that i1f you are more
responsive to a type of suggestion 1n a particular
context/state, then you will get that type of
suggestion with higher chance as compared other
types of suggestions/no suggestion.

22




sent?

Two Online

?) Reinforcement Learning “RL” Algorithm

— Goal 1s to personalize delivery of activity
suggestions. When should an activity suggestion be
sent? When should an activity suggestion not be

“Micro-Randomization” Algorithms

A




Reinforcement Learning Algorithm
HeartSteps V2-3

* When to send or not send an activity suggestion?

Heartsteps 8:46 AM
o Hey, look outside! Not so bad, right? Maybe

you could walk to work today, or just park a
bit further away?

5 A G

*5 time points per day (morning, mid-day, mid-afternoon,
early evening, after dinner)

*Assess impact of activity suggestion on subsequent 30
minute step count. 24




A Dagital Health Challenge to RL

Treatments (e.g. activity suggestions) tend to
have positive effects on immediate step counts
but negative impact on future outcomes ----

Habituation & Burden.

— Delayed Negative Intervention Effects

25




Reinforcement Learning Algorithm

Two elements:

1. “Learning Algorithm”:. Uses a Bayesian
statistical model to repeatedly update the
estimate of the treatment effect of the activity
suggestion on the individual’s steps.

2. “Experimentation Strateg)y’’: Send the activity
suggestion based on the posterior probability
that

“treatment effect + delayed effect >0
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Real-time Predicted Effect on Steps
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Chance that an Activity Suggestion 1s Sent
to Individual

Same Individual
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1zation

What do we mean by Personal

i

|

Il

il

|

I

[, O I" I ‘l
r
er v

T
F

® engage
® engage

po
ol
AT | T

'
ll r- “ :it..}, s .‘
||| (1 11

|
"“l ’ ‘un,ﬁﬁ
"

1ol [

| |
L= ¢-

— - - - - - - - - - - - - -] Iy g 4
o I’ ‘I"l

10319 PNIPaI]

Z0-80
¥2-10
GL-20
90-20
12-90
81-90
60-90
1£-S0
ZZ2-50
€1-50
+0-S0
GZ-¥0
91-¥0
£L0-¥0
62-€0
0Z-€0
LL-€0
Z0-€0
AATAY
€1-20
+0-20
9Z-10
1-10
80-10
0e-2L
1z-2l
zZL-2Zl
€0-21
vZ-11
GlL—1L1

R
[ 2° s
' "
[ ]
3 _
4
" %Yy
P . -
0, o,
Tl R4
> g
L] q o ". ..-
i |
] - L '
L]
n." 'Q -od
® : oo o..o -b
° .Il \\0 . -
° h'”hﬂ ”— -

L0 G0 €0

Aiqeqold

20-80
¥2-10
GL-20
90-20
12-90
81-90
60-90
1€-50
22-50
€1-50
$0-50
§Z-+0
9L-+0,
L0-+Q
62-<C,
0Z-€0;
LL-€0!
z0-¢d
22-20
€1-20
$0-20
92-10
LL-10
80-10
0e-2l
12-2l
zL-2l
£0-21
vZ-11
Sl-11

30

Date




Real-time Predicted Effect on Steps
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Long Term Goal:
Continually Learning Digital Health App

The RL algorithm 1s one of multiple
intervention components in an digital health

app

— Incorporate continual learning/personalization
in the rollout of a digital health app.

33




Experiment to Continually Improve

* “Iterative nature of experimentation” (RA Fisher & G. Box)

* “At Google, experimentation 1s practically a mantra; we
evaluate almost every change that potentially affects what
our users’ experience.” (4 Google scientists)

* “Online experiments are widely used to compare specific
design alternatives, but they can also be used to produce
generalizable knowledge and inform strategic decision
making. Doing so often requires sophisticated
experimental demgns iterative refinement, and careful

logglng and analy81s (3 Facebook scientists)
34




Cole Porter’s

Before you leave these portals

To meet less fortunate mortals

There's just one final message
I would give to you

You all have learned reliance
On the sacred teachings of
science
So I hope, through life, you
never will decline
In spite of Philistine defiance
To do what all good scientists

do

“Experiment”

Experiment, make it your motto day

and night

Experiment and it will lead you to
the light

The apple on the top of the tree is

never too high to achieve
So take an example from Eve
Experiment

Be curious
Though interfering friends may
frown
Get furious
At each attempt to hold you down

If this advice you always employ
The future can offer you infinite joy
And merriment
Experiment

And you'll see 35
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