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Simulation results with pooled 𝛆-greedy treatment policy

HeartSteps: A mobile health study with Thompson sampling A ``doubly robust” approach for nearest neighbors

Factor models, sequential experiments, nearest neighbors

Panel data: N users with a series of treatments over T time points, where for user              , 

at time            , we observe outcome          that depends on the assigned treatment          , 

the potential outcomes {       }  for            , and noise       . Our goal is counterfactual 

inference with latent factor model, i.e., estimate {        } with user x time-level guarantee

User-based nearest neighbors (User-NN): 

Find NN users                                       and average

For sequentially adaptive policies, with suitable 𝜂, 

and regularity conditions with high probability (whp)
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User NN:  
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?|⇥|v̂ � v
?|)

<latexit sha1_base64="wcs8gO1C3pv3UaaGI9EQITMJbpw="></latexit>

|u?
v
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?||+|v̂ � v

?|)

<latexit sha1_base64="ghEAh6ZYBEkGTiHeDcfNCx6c4ZU="></latexit>
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Time NN:  

Motivating question:

Panel data:
(dropping `a’ in notation)
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Doubly robust (DR) NN
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simpler notation)

<latexit sha1_base64="S71qM5Awj5DoqxrlJGuPYB04stI=">AAACIXicbVDLSgNBEJz1bXxFPXoZDIKChF0JKoIgevEkEUwUsnHpnXTMJLMPZ2aFsOyvePFXvHhQxJv4M06SPWi0YKCo6qanyo8FV9q2P62Jyanpmdm5+cLC4tLySnF1ra6iRDKssUhE8sYHhYKHWNNcC7yJJULgC7z2e2cD//oBpeJReKX7MTYDuAt5mzPQRvKKh24AusNA0AuP36bbsJPRY+qm3SPqyk7kpXyXdrPccAXeUxc1UDfziiW7bA9B/xInJyWSo+oVP9xWxJIAQ80EKNVw7Fg3U5CaM4FZwU0UxsB6cIcNQ0MIUDXTYcKMbhmlRduRNC/UdKj+3EghUKof+GZykEeNewPxP6+R6PZhM+VhnGgM2ehQOxFUR3RQF21xiUyLviHAJDd/pawDEpg2pRZMCc545L+kvld29suVy0rp5DSvY45skE2yTRxyQE7IOamSGmHkkTyTV/JmPVkv1rv1MRqdsPKddfIL1tc3sWKiAA==</latexit>

N (a)
i = {j : ⇢(a)i,j  ⌘}

with M distinct types of users
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Guarantee: For non-adaptive policies, with

suitable hyper-parameters and regularity 

conditions, w.h.p., 

(M distinct types of user & time latent factors) 

—a quadratic improvement. More generally,

Err(DR-NN) ≾ min{ Err(User-NN),  Err(Time-NN) }

<latexit sha1_base64="RXLgwJ6oeetJPhB5gMIMr2nH45E="></latexit>

(b✓(a)i,t,DR � ✓(a)i,t )
2 - M

T
+

M

N

<latexit sha1_base64="zwKZsL0cUZ/VD3VKtFo26N45SsA="></latexit>

b✓(1)i,t,DR

=

P
j2N (1)

i ,t02Tt
Aj,tAi,t0Aj,t0(Yj,t + Yi,t0 � Yj,t0)

P
j2N (1)

i ,t02Tt
Aj,tAi,t0Aj,t0

<latexit sha1_base64="9W3VsDWyGRo/wrYQnvmHrjaV6J4="></latexit>
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- Latent factors uniform on [-0.5, 0.5]2 , avg. treatment effect = 0, noise-var = 1e-4

- Pooled 𝜀-greedy treatment policy with 𝜀 = 0.5

- Methods: USVT [Chatterjee ’15], User-NN, Time-NN, DR-NN, results for a single time point

- 3 months sequentially adaptive trial with 91 users: Mobile notifications sent (a=1) or not 

(a=0), 5 times a day (T=450) using Thompson sampling independently for each user, 

outcome= = log of step-count in the 30-minute window after the decision time

- Results for a = 0 at 50 held out decision times
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