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Optimizing and Continually 
Improving AI From One 
Deployment to the Next



We are Developing an Intelligent Mobile Health 
Intervention for Upper Limb Rehab. Post-Stroke
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M. Yousufuddin and N. Young, Aging (Albany, NY), 2019
R. W. Teasell, R. Viana, “Evidence-based benefit of rehabilitation after stroke,” Textbook of Neural Repair and Rehabilitation, 2014

“Aging is the most robust non-
modifiable risk factor for incident 
stroke, which doubles every 10 
years after age 55 years.”



Our Goal is to Fill Some of the Gap in Support for 
the 99% of a Survivor’s Life Spent on Their Own

3
B. M. Young, et al., Stroke, 2023
M. Ghahramanlou-Holloway, Psychiatry, 2022

During the chronic phase, 
most of a stroke survivor’s 

time is spent without 
synchronous support

OT: Occupational Therapist
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OT: Occupational Therapist
Encouragement

Implementation Intentions



A Just-in-Time Adaptive Intervention Delivers 
Support That Adapts to Biobehavioral Context
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Just-in-Time Adaptive 
Intervention (JITAI)

Passive SensingUser Queries

Mobile Health 
Support

P. Klasnja et al., Health Pscyhol, 2015
I. Nahum-Shani et al., Ann Behav Med, 2017
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Just-in-Time Adaptive 
Intervention (JITAI)

Passive SensingUser Queries

Mobile Health 
Support

Time

If-Then

Reminders during 
mealtime tend to 

be effective…

(based on micro-randomized 
trial data, for example)



A Just-in-Time Adaptive Intervention Delivers 
Support That Adapts to Biobehavioral Context
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Just-in-Time Adaptive 
Intervention (JITAI)

Passive SensingUser Queries

Mobile Health 
Support

Time

For Everyone If-Then

Reminders during 
mealtime tend to 

be effective…
on average.

(Still better than delivering 
support unaware of context)

P. Klasnja et al., Health Pscyhol, 2015
I. Nahum-Shani et al., Ann Behav Med, 2017



With AI, We Aim to Personalize the JITAI’s 
Decision Rules to Each Stroke Survivor

8

Just-in-Time Adaptive 
Intervention (JITAI)

Passive SensingUser Queries

Mobile Health 
Support

Reminders during 
mealtime are, in 

fact, effective and 
appreciated

Time

For Susan



With AI, We Aim to Personalize the JITAI’s 
Decision Rules to Each Stroke Survivor
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Passive SensingUser Queries

Mobile Health 
Support

Reminders during 
mealtime keep 
getting disliked

Time

For Asim



AI is Exciting but Adds a New Layer of Complexity 
to the JITAI Design Process
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Just-in-Time Adaptive 
Intervention (JITAI)

Passive SensingUser Queries

Mobile Health 
Support

Which AI algorithm to choose? 

Or?



AI is Exciting but Adds a New Layer of Complexity 
to the JITAI Design Process
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Just-in-Time Adaptive 
Intervention (JITAI)

Passive SensingUser Queries

Mobile Health 
Support

Which AI algorithm to choose? 
What hyperparameters do we use?



A/B Testing With Real Users is Often Infeasible 
Due to Resource Constraints or Risks
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Even in this simple, illustrative case, we have a 9-arm RCT on our hands…



We Have Used Prior Deployment Data to Build 
High-Fidelity (As Possible) Simulation Testbeds

Hyperparameters

What values to choose and stick with 
for the entire next deployment? 

Simulation Test Beds

A. L. Trella et al., Proc Innov Appl Artif Intell Conf, 2023 13
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Simulation-Informed Decision Making is Key to 
Making Thoughtful Design Decisions for JITAIs

A. H. Gazi et al., under review (link to preprint in program book) 16
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Testbed variants can be built to test 
the robustness of algorithms to 

assumptions made during 
computational modeling (e.g., 

simulated effect size of intervention)

Multiple metrics can be 
considered (average outcome, 

10th percentile outcome to 
account for worse cases, etc.)



Data-Deployment Mismatches Make Simulation 
Testbed Design a Bit More Difficult

A. H. Gazi et al., under review (link to preprint in program book) 18

“Data-deployment 
mismatches” make 
simulation testbed 
design a bit more difficult



Data-Deployment Mismatches Make Simulation 
Testbed Design a Bit More Difficult
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“Data-deployment 
mismatches” make 
simulation testbed 
design a bit more difficult

Methods and concrete examples 
are detailed in the preprint 
linked in the program book 



But AI Optimization and JITAI Design Does Not 
Stop There – the Cycle Continues

A. H. Gazi et al., under review (link to preprint in program book) 20
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The HeartSteps JITAI is a Great Example of the 
Need for Continual Improvement 

Pedja Klasnja

V1

V2

V3



Deployment and AI Optimization is Not a One-
and-Done – It is a Continual Improvement Process

A. H. Gazi et al., under review (link to preprint in program book) 22

Bidirectional feedback between changes 
in the real world and changes in the 
simulation testbeds and AI algorithms

“Digital Twins of a Subpopulation”
(NASEM Consensus Report)



Exciting Opportunities to Improve JITAI-Twin 
Design via Continual Learning and Generative AI

A. H. Gazi et al., under review (link to preprint in program book) 23

Generative
AI

Continual Learning



The Stroke Rehab. Project is in the First Phase of 
This Continual Improvement Process

A. H. Gazi et al., under review (link to preprint in program book) 24



Pilot Data on Activities of Daily Living is Exciting! 
100-Hz IMU Data is Collected Throughout
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Questions?

Asim H. Gazi
https://asimgazi.github.io



Simulation-Informed Decision Making is Key to 
Making Thoughtful Design Decisions for JITAIs

A. H. Gazi et al., under review (link to preprint in program book) 27

(Concrete examples for each of these steps are provided in the paper)

(Hybrid Modeling
Multiple Imputation)



A. H. Gazi et al., under review (link to preprint in program book) 28

Verification, Validation, and Uncertainty 
Quantification is a Subcycle Within a Larger Cycle
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